Anim. Prod. Aust. 2002 Vol. 24: 1-4

WOOL CHARACTERISTICS AFFECTING DIFFERENCES AMONG SIRE PROGENY
GROUPS IN STAPLE STRENGTH
N.R..ADAMS A, J.R. BRIEGEL A and I.R.D. ROBERTSON B
A
B

CSIRO Livestock Industries, PO Wembley WA 6913
Yarrak, RMB 311, Kojonup WA 6395

SUMMARY
This study aimed to improve the prediction of genetic differences in staple strength (SS) by defining
factors that affect differences in SS among progeny groups in 2 sire test trials. The SS was related to
mean fibre diameter (FD) and the standard deviation in fibre diameter (SDfd) in both trials (P<0.001),
and to staple length in one trial. Sire contributed independently to SS in both trials (P<0.001).
Detailed measurements on wools from Flock 2 showed that the relative importance of different
components of SS differed among sires (P<0.01); for example, FD had a greater effect on SS in
animals with a relatively low SDfd. An equation involving SDfd and FD accounted for only 26% of
the variation in SS, but this was increased to 50% of the variation in SS by also incorporating the
proportion of fibres greater than 30 m and the amount of unevenness in FD (blobs) measured on
clean staples with an OFDA2000. If these findings are robust, they offer a means by which breeders
who wish to avoid the expense of direct measurement of SS may improve the efficiency of their
selection for this characteristic.
Keywords: coefficient of variation, fibre diameter, unevenness
INTRODUCTION
Management to reduce the variation in FD along the staple can improve SS (Adams & Kelly 2000).
SS may also be improved by breeding, because the heritability of SS is moderate to high. The close
negative genetic association between SS and the coefficient of variation in FD (CVfd) (Howe et al.
1991; Greeff et al. 1995), and the expense of measuring SS, has resulted in many breeders using CVfd
to select for SS. However, Masters et al. (2000) concluded that genetic factors not captured by
components of CVfd, or any of the other wool characteristics that they measured, accounted for 26%
of differences in SS among progeny groups.
The failure to define the causes of differences in SS occurs because SS is a complex measurement
depending on the mass of wool in the staple, the minimum diameter, and interactions among fibres
(deJong et al. 1985). Interactions among fibres as the staple is pulled apart contribute very
significantly to the final SS, but they are poorly understood so we rely on correlated measurements to
estimate their impact. Furthermore, the genetic parameters of all the various components of SS might
be expected to differ, resulting in genotypes being expressed differently across environments (Greeff
et al. 1995) or management treatments (Hill & Ponzoni 1999). Clearly, our understanding of factors
the contributing to genetic differences in SS is relatively limited. The present study defined wool
characteristics that contributed to genetic differences in SS among groups in two progeny tests, to
improve the understanding and prediction of genetic differences in staple strength.
MATERIALS AND METHODS
Data were made available from midside wool samples collected from 2 progeny tests in south-western
Australia. Flock 1 consisted of 450 progeny from 9 rams, with sire groups numbering between 32 and
60. The flock had a mean SS of 28.9 N/ktex and a mean FD of 16.8 m. Flock 2 contained 682
sheep in groups between 26 and 45 offspring from 17 rams. The mean SS was 42.9 N/ktex and the
mean FD was 18.5 m. Both male and female progeny were included, and sex had no independent
effect on SS.
Standard wool measurements to evaluate the sires were carried out by a commercial laboratory.
Further measurements were carried out on single staples washed 3 times in petroleum ether solvent
from Flock 2, using an Optical Fibre Diameter Analyser (OFDA2000; BSC Electronics, Myree WA).
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Staples were measured every 3.5 mm for maximum FD, minimum FD, standard deviation in FD along
the fibre (SDalong), standard deviation of FD among fibres at each position along the staple
(SDacross) and the proportion of fibres greater than 30 µm. Areas of unevenness in the FD (blobs)
measured by the OFDA2000 software included total blobs (blob%), proportion of large blobs (large
blobs) and proportion of small blobs. This measurement was originally developed to measure residual
grease in wool, but measures variations in diameter from any cause along a 200 m length of fibre
(Brims 1997).
Data were analysed by the general linear model of Systat (Wilkinson 1998). Factors were entered into
the model to maximise the amount of variance accounted for by statistically significant factors. All
two-way interactions were fitted and the non-significant effects deleted from the model. To explore
factors that affected the interaction between sire and wool characteristics in Flock 2, mean values of
wool characteristics (FD, SDalong, SDbetween, etc) for each sire were calculated and the correlation
between them and SS was calculated for each of the 17 individual sires, and relationships explored by
stepwise regression analysis.
RESULTS
Variation in SS among sire means
Each of the components of CVfd (ie, FD and SDfd) was related to SS (P<0.001) in each flock. Staple
length affected SS in Flock 1, but the effects were not sufficient to change the ranking of the rams.
Significant sire effects, not accounted for by other factors, were found in both flocks (P<0.001). The
total amount of variation accounted for by these factors (adjusted multiple R2) was 0.61 in Flock 1
and 0.37 in Flock 2.
Stepwise regression analysis of mean values from Flock 2 indicated that CVfd alone accounted for
26% of the variation among sires in SS (adjusted multiple R2). This was increased to 50% of the
variation in SS accounted for by including the proportion of fibres >30 µm and the proportion of large
blobs. The equation for predicting SS from these characteristics in this flock, including a constant of
148, was as follows:
SS = 148 - 1.78(CVfd) - 0.28(Fibres>30 m) - 59.2(%Large blob).
Each factor in this relationship was statistically significant when tested individually (P<0.05).
Variation within flocks
The impact of sire effects on SS was examined using the detailed measurements of the wools from
Flock 2. The minimum FD made a greater contribution to the variation in SS than did the mean FD
(Table 1). The effect of sire was significant, but when the interactions between sire and other
characteristics were included in the model, sire itself was not significant as a main effect (Table 1).
No other significant interactions were detected.
Table 1. Contribution of various factors to SS in Flock 2 (Adjusted multiple R2 = 0.52)
Characteristic
Minimum FD
Across fibre SD
Mean FD
Sire x mean FD
Sire x SDacross
Blob %
Along fibre SD
Yield

Sum of Squares
7645
5405
2509
2134
2062
895
504
319

df
1
1
1
16
16
1
1
1

P
0.000
0.000
0.000
0.003
0.01
0.000
0.003
0.02

The interaction between sire and mean FD indicates that FD had a greater impact on SS in some sires
than in others. FD was more closely related to SS in sires in which SDacross the fibre was poorly
related to SS (r = 0.50, P<0.05, Fig 1a). In other words, SDacross had a greater effect on SS in those
progeny groups in which FD did not have a large effect. SDacross itself was poorly correlated with SS
if the SDalong was large (r = 0.54, P<0.05, Fig 1b). The results indicate that FD, SDacross and
SDalong differed in their relative importance for SS in each progeny group.
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Figure 1. Relationships among factors contributing to SS for each of the 17 sire groups in Flock 2. SS was
affected by either FD or SDacross , but not both (a), while SDacross affected SS if SDalong was low (b)

DISCUSSION
The consistent and substantial effect of CVfd (or its components FD and SD) on differences between
progeny groups in SS confirms previous studies, and indicates the potential to use CVfd to make
genetic gains in SS. However, there were also substantial differences among sires in SS that were not
accounted for by CVfd (Table 1), as also reported by Masters et al. (2000). These were not due to a
biased measurement of SS by factors such as yield, point of break or staple length which have been
observed previously to affect SS (Adams et al. 2000; Mata et al. 2000). However, sire effects could
be attributed to other factors measured in the present study, so that the prediction of differences
among progeny groups in Flock 2 was substantially improved by including the proportion of fibres
>30µm and %blobs. These results need to be tested in other environments to determine the extent to
which they can be generalised, although it is reassuring that other trials associated with Flock 1 have
found that the proportion of fibres with a diameter more than 10 m greater than the mean (the
‘coarse edge’) has value, together with CVfd, in predicting SS (unpublished data).
The proportion of fibres >30 m may reflect both variation in fibre length and fibre-to-fibre
interactions. The CVfd is related to SS in part because it reflects the variation in length of fibres
within the staple, which affects the synchronicity with which fibres break under strain (deJong et al.
1985) and so affects SS (Schlink et al. 2001). Fibre-to-fibre interactions were also described by
deJong et al. (1985) as having a major effect on SS. The total magnitude of these interactions must be
driven in part by the number of fibres in the staple, which is a function of FD and CVfd.
Interestingly, in the analysis displayed in Table 2 the square of diameter was less closely associated
with SS than the mean diameter, suggesting that fibre circumference had the greater effect on SS than
fibre cross-sectional area. Fibre circumference would affect interactions among fibres, while crosssectional area would determine the resistance to break.
The mechanism underlying the relationship between SS and blob measurement is not clear. The blob
measurement was developed to estimate residual grease in the wool sample, but it actually measures
all causes of unevenness in diameter along a short section of fibre (Brims 1997). Some of the
unevenness relates to grease that was not removed by cleaning, but Schlink et al. (2000) using the 35S
technique showed that there are also normally very large changes in FD along short lengths of fibre.
Unevenness in FD is associated with the strength of individual fibres (Woods et al. 1990), but to date
there has been no simple way to measure this characteristic. The wools in the present study should
have contained little grease because they were washed 3 times in solvent, so the results suggest that
further work to clarify the source of short-term variations in FD measured by the OFDA2000 may
prove rewarding.
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Table 1 indicates that the relative importance of the components of CVfd (the FD, SDalong and
SDacross) differed among sire progeny groups. For example, Figure 1a indicates that the major
components of CVfd, FD and SDacross, trade off in their relative importance for SS; if FD had a large
impact on SS, then SDacross has a lesser impact. Figure 1b indicates that the effect of SDacross on
SS was greater when SDalong was low. The genetic parameters of these components of CVfd
undoubtedly differ, and additional genetic variation would be provided by other contributors to SS,
such as the variation in fibre length described above. It is therefore not surprising that interactions
between genotype and environment for SS have been described (Hill and Ponzoni 1999). The
predictability of genetic differences in SS might be improved by a better knowledge of the relative
importance of the different components required to improve SS in a particular management situation.
The results show that genetics and management affect SS in quite different ways. As reported
initially by Howe et al. (1991), and confirmed in progeny tests by Masters et al. (2000), SDacross
fibres made a greater contribution to genetic differences in SS than SDalong. This is the opposite for
comparisons among flocks in different environments (Mata et al. 2000). Minimum FD had a greater
effect on SS than variation in diameter in the present study, again the opposite of studies examining
management treatments (Mata et al. 2000). Therefore, definition of the causes of difference in SS due
to management has only limited application in determining the genetic components of SS.
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VARIATION IN FIBRE DIAMETER ALONG THE WOOL STAPLE IN SIRE PROGENY
GROUPS
N.R. ADAMS and J.R. BRIEGEL
CSIRO Livestock Industries, Private Bag 5, Wembley WA 6913

SUMMARY
The development of the Optical Fibre Diameter Analyser (the OFDA2000) has greatly facilitated
measurement of the variation in fibre diameter (FD) along the staple. This equipment was used to
measure fibre diameter profiles on 680 midside wool samples from progeny groups of 17 rams in a
sire evaluation test, to determine characteristics of the variation in FD along the staple (SDalong). The
SDalong of clean vs greasy samples differed among sire progeny groups, so further analysis focused
on clean samples. Over 90% of the variation in SDalong could be accounted for by 3 components; the
overall change in diameter across the year (slope), and the maximum and minimum diameters. There
were significant differences among progeny groups for SDalong and for all of its components. The
average difference in FD between adjacent measurements along the staple differed among sires, but
was not a significant component of SDalong. The SDalong was greater in animals with high fleece
weight, indicating that sheep that grew more wool responded more to the seasonal variation in
nutrition. The components of SDalong were also related to staple strength.
Keywords: Fleece weight, staple strength, responsiveness, sensitivity
INTRODUCTION
The variability in FD consists of two distinct components, variation along the fibre, and variations
between fibres. The standard deviation in diameter between fibres (SDbetween) is highly heritable
and closely related to staple strength (Howe et al. 1991). Variation along the fibre (SDalong) is
affected mainly by changes in nutrition, but it also has a small genetic component (Yamin et al. 1999).
The availability of the OFDA2000 has enabled practical and cheap measurement of these
characteristics. The SDalong may give useful insights into the way the animal responded to its
environment throughout the year, but relationships between SDalong and other characteristics are still
relatively unexplored. The present work uses genetically different groups run under identical
management at a central sire test evaluation site to define relationships between SDalong and other
fleece characteristics.
MATERIALS AND METHODS
Single staples were measured from midside wool samples collected from a flock of 682 male and
female progeny from 17 rams, in groups between 26 and 45 offspring run at Brookton WA. The sheep
were born in June 1999, and given a preliminary shearing in October. Midside wool samples were
collected in August 2000 before the sheep were shorn in September. The mean clean fleece weight
was 2.7 kg, the mean FD measured by a Laserscan machine was 18.5 m, and the mean SS measured
on an Agritest Staple-Breaker II was 42.9 N/ktex.
Measurement using an OFDA2000 were carried every 3.5 mm on greasy staples, which were then
reread after washing 3 times in petroleum ether solvent and re-conditioned for 24 h at 20o C and 65%
relative humidity. The OFDA grease correction factor was automatically subtracted from values
measured on the greasy staple. The FD characteristics recorded included maximum diameter,
minimum diameter, SDalong, Sdbetween, and the proportion of fibres greater than 30 m. The
average change in FD between successive measurements along each sample was also calculated
(adjacent difference in FD).
All data were analysed by stepwise multiple regression using the general linear model of Systat
(Wilkinson 1998). The proportion of variance accounted for in the various statistical relationships is
indicated by the size of the adjusted multiple R2 value.
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To enable the changes to be appreciated visually, the data from each animal was standardized to the
mean staple length for that progeny group, using a procedure developed by Mata and DeBoer (G.
Mata, pers comm.). Standardized profiles for each progeny group presented in Figure 1 indicate that
there was an overall decrease in FD throughout the year, with two troughs resulting from seasonal
changes in quality and quantity of pasture. Animals grazed on dry pasture after shearing until an early
break to the season, but had only short green feed during early winter.
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Figure 1. Mean profile of fibre diameter for each progeny group

RESULTS.
Effect of cleaning staples on the measured value of SDalong.
Ram progeny groups ranked differently for SDalong after samples were cleaned (Spearman 0.89;
Figure 2a), whereas groups ranked similarly for mean FD measured on greasy or cleaned staples
(Spearman rank correlation 0.98; Figure 2b). Across all samples, the greatest difference between the
greasy and clean SDalong was seen in wools with a high staple length (P < 0.001), a high greasy
SDalong (P < 0.001), and high SDbetween (P < 0.01). There was an additional effect of sire (P <
0.001), but no effect of mean FD. Because greasy samples were a less accurate reflection of
differences in FD throughout the year, further analysis was limited to studies on clean samples.
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Figure 2. Mean values for (a) SDalong and (b) fibre diameter before (greasy) and after (clean) washing
wool staples from 17 ram progeny groups

Components of SDalong
The SDalong can be conceptualized as consisting of the overall change in diameter through the year
(the slope), and the range in diameters within the year (maximum and minimum diameters). These
factors accounted for over 90% of the variance of SDalong (adjusted multiple R2 of 0.92) in a multiple
step-wise regression analysis. A further potential measure of variation, the average difference in
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diameter between adjacent measurements (the adjacent difference) did not contribute significantly to
the variation in SDalong in this analysis. Sire also added nothing to this analysis.
Using simple ANOVA, there were statistically significant differences among sires in SDalong (P <
0.001, R2 = 0.16), arising out of differences among the sires in the components of SDalong. In
individual one-way ANOVA, sires differed most in minimum diameter (R2 = 0.39), followed by
maximum diameter (R2 = 0.26), mean adjacent difference (R2 = 0.13), and slope (R2 = 0.10).
Relationship between SDalong and other fleece characteristics
Individual regressions indicated that across all samples, SDalong was significantly (P < 0.001) greater
in animals with high clean fleece weight, low yield, low curvature, low staple strength, a high
proportion of breaks in the base of the staple, and a high proportion of fibres with a diameter >30 m.
SDalong was not related to the proportion of fine fibres (<15 m). Many of these factors were related
to each other, but multiple stepwise regression equation indicated that all of these factors were
independently related to SDalong. If the proportion of broad fibres was removed from the analysis,
SDalong was significantly greater in wools with a high SDbetween (P < 0.01).
The components of SDalong that most affected fleece weight were examined by stepwise regression.
Clean fleece weight was greater in animals with a greater maximum diameter (P < 0.001), a lower
slope (P < 0.01) and greater minimum diameter (P < 0.01). A lower adjacent difference was also
associated with a higher fleece weight (P < 0.01), but this probably reflected its relationship to staple
length because it was rejected by the analysis when staple length was included (P < 0.001).
SDbetween was not related to fleece weight. The position of break (POB) in the staple occurred later
in sheep with a high SDalong, but POB itself was not related to fleece weight.
Both SDalong and SDbetween contributed approximately equally to variation in staple strength,
although the total adjusted multiple R2 was only 0.07. Replacing SDalong with all of its components
increased the R2 to 0.38. The major contributors to the relationship with staple strength were minimum
diameter and SDbetween, with smaller but still significant (P < 0.001) contributions from slope and
adjacent difference. The maximum diameter was not significantly related to staple strength in this
analysis.
The overall SDalong was not related to staple length, so the raw values were not adjusted to a constant
length. However, the rate of change in FD was related to the length of staple over which the change
occurred. Longer staples had a lesser slope (P < 0.001) and a lower adjacent difference (P < 0.001).
The SDbetween was greater in wools with a higher mean FD (P < 0.001), but SDalong was not
significantly related to the mean FD.
DISCUSSION
Cleaning made a significant difference to the ranking of sire progeny groups for SDalong (Figure 2).
Cleaning removes more material from the base of the staple than the tip (Baxter 2001a), and this may
differ among sire groups. Baxter (2001b) reported similar effects to the present study when comparing
clean and greasy estimates of FD and SDalong from groups of sheep run under different management
conditions. The present study used clean staples to enhance the accuracy of estimates of changes in
wool growth throughout the year.
The SDalong reflects changes in wool growth rate, and so may be useful to indicate differences in the
way groups of sheep respond to changes in pasture quality and quantity (Adams and Briegel 2002).
Change in biological systems (for example, in enzyme kinetics) is usually described in terms of the
magnitude of the change, and the rate at which it occurs. In physiology, these parameters are usually
referred to as responsiveness and sensitivity (Cronjé 2000). The present study shows that
measurements of responsiveness (slope, maximum and minimum diameter) accounted for over 90% of
the total SDalong, while a measure of sensitivity, the mean difference between adjacent readings,
made no independent contribution. Thus, the SDalong indicates the responsiveness, but not the
sensitivity, of FD to nutritional change.
Although it was not included in SDalong, the sensitivity to nutritional change (the adjacent difference
) was also biologically significant. The adjacent difference contributed independently to the prediction
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of staple strength, supporting the observation that sheep selected for low staple strength have greater
short-term differences in FD after nutritional change (Adams et al. 1997). However, the adjacent
difference was not related independently to many other characteristics in the present study.
The present observations explain some of the anomalies in reported relationships between the overall
variation in FD (the CVfd) and fleece weight. Both SDalong and SDbetween contribute to CVfd, but
only the SDalong was related to fleece weight, while the SDbetween was not. Therefore, seasonal
climates where SDalong is large relative to SDbetween could be expected to have a stronger
relationship between CVfd and fleece weight. Thus, Cloete et al. (1997) observed a significant
positive relationship between CVfd and fleece weight in South Africa, whereas a slight negative
relationship was recorded in fine wool sheep in Armidale NSW (Purvis and Swan 1997).
The profiles illustrated in Figure 1 can be analysed in a number of ways. For example, Brown et al.
(2000) estimated additional characteristics, including the position of minimum diameter and the rate of
change in diameter between minimum and maximum diameter, to better understand relationships with
staple strength. However, the present study shows that rates of change in diameter make relatively
little contribution to staple strength, compared with the overall magnitude of change. deJong et al.
(1985) reported that staple strength is a complex measurement depending on the total mass of wool in
the staple, the minimum diameter along the staple, and interactions among the fibres as the staple
comes to tension. Attempts to predict staple strength from fibre diameter profile information alone
will always suffer difficulty.
In conclusion, the SDalong indicates the responsiveness, but not the sensitivity, of the FD to
nutritional change. Although the heritability of SDalong is low (Yamin et al. 1999), and sire group
accounted for only 16% of the variation of SDalong in the present study, some breeders aim to reduce
the nutritional variation in fibre diameter throughout the year. SDalong is a useful integrated measure
of this characteristic. However, SDalong is likely to be of most benefit in assisting flock managers to
recognize the nutritional status of their sheep and adjust grazing pressures accordingly (Peterson et al.
2000a) or to predict of fibre length in wool top after processing (Peterson et al. 2000b).
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EFFECT OF A 3-DAY FAST ON STRESS HORMONES IN SHEEP WITH LOW OR HIGH
STAPLE STRENGTH
N. R. ADAMS, J. M. LEA, J. R. BRIEGEL and A.C. SCHLINK
CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913

SUMMARY
This study measured hormone concentrations to determine whether sheep with a history of producing
sound wool have a greater resistance to the stress of a 3-day fast. Fasting resulted in increased plasma
cortisol concentrations and decreased urinary excretion of norepinephrine and dopamine, while
excretion of epinephrine was unchanged. The high SS sheep had higher urinary excretion of
epinephrine before and during the fast, and higher plasma concentrations of cortisol when fed above
maintenance after the fast, but both groups responded similarly to the fast. Although fasting affected
stress hormones, this did not translate into effects on follicle shutdown or minimum fibre diameter.
Keywords: Wool, epinephrine, norepinephrine, cortisol, follicle shutdown
INTRODUCTION
Much of southern Australia has a Mediterranean climate with mild wet winters and dry hot summers.
Annual pastures are a feature of this environment and are characterised by large seasonal fluctuations
in feed quantity and quality leading to large seasonal amplitudes in liveweight, wool growth and
reduced staple strength (SS) in sheep grazing these pastures (Schlink et al. 1999). SS is the second
most important determinant of the value of raw wool, after fibre diameter.
Low SS has been considered to result from stress (Peter et al. 1993; Behrendt 1994), although more
recent controlled studies have thrown doubt on this belief (Mata et al. 1999; Schlink et al. 1999).
However, experimental infestation with blowfly larvae caused low SS, accompanied by increased
plasma concentration of cortisol (Walkden-Brown et al. 2000). Schlink et al. (2002a) showed that
cortisol injections for more than 3 days significantly reduced SS by increasing the rate of follicle
shutdown without the decrease in fibre diameter usually associated with reduced SS. Follicle
shutdown has been associated with low SS in grazing sheep (Schlink and Dollin 1995; Hynd et al.
1997). Hynd et al. (1997) found that the peak in follicle shutdown occurred approximately one month
after the opening rainfall of the wet season in autumn, and became more severe with increasing
stocking rates.
These results indicate that severe stress resulting in an increase in plasma cortisol concentrations may
result in follicle shutdown and low SS. However, it is not clear whether milder stress can affect SS.
The present study examined the response of the stress hormones cortisol and epinephrine to a 3-day
period without feed, although water was available. The study was carried out in sheep with a history
of low or high SS to detect whether they differed in responsiveness to this stress.
MATERIALS AND METHODS
Twenty-four wethers (12 low and 12 high SS), initial liveweight of 62.7 kg, were selected from flocks
used to establish the genetic parameters of wool SS (Howe et al. 1991). The low and high SS groups
averaged 18.4 and 34.0 N/ktex, respectively, based on two previous annual shearings at the Great
Southern Agricultural Research Institute, Katanning, Western Australia. Animals were brought into
an animal house, and fed individually as described elsewhere (Schlink et al. 2002b). In brief, during
days 0 to 67, each staple strength group was divided into two sub-groups (n = 6) fed either to
liveweight maintenance or 8% loss of starting liveweight over that period. Feed was withdrawn on
days 68 to 70, but animals were given free access to water, after which all sheep were fed 1430 g
DM/day for 11 weeks and then released to the field for four months. Mid-side wool samples were
collected at shearing (Schlink et al. 2002b). The work was carried out with approval of the CSIRO
Floreat Park Animal Ethics Committee.
Total 24 h urine collections were made on 5 occasions: once 6 days before the fast (day 61), on each
day of the fast (days 68, 69 and 70), and again 9 days after re-feeding (day 79). Urine was collected
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into plastic bottles containing 80 ml 6% acetic acid and 0.5 g sodium metabisulfite, and sub-samples
were stored at -20oC until assayed. Urinary free epinephrine, norepinephrine and dopamine were
separated on an ODS reverse phase column using high pressure liquid chromatography and quantified
with electro-chemical detection, using the method described in “Urinary catecholamines by LCEC”
provided by Bioanalytical Systems Inc (W Lafayette, IN 47906, USA).
Indwelling jugular catheters were inserted 24 h before the initiation of blood sampling. During the
fast, blood samples were collected every hour for 10 h starting at 0800 h. Additional plasma samples
were collected on day 61 and day 79, as described by Schlink et al. (2002b). Blood was collected into
heparinised tubes, centrifuged and plasma stored at -20oC until assayed. Plasma cortisol concentrations
were measured using the radio-immunoassay (Atkinson and Adams 1988).
Statistical analyses were carried out by univariate or repeated measures analysis of variance as
appropriate. Values for epinephrine and dopamine were transformed to logarithms to more closely
approximate the normal distribution. If there were no statistically significant interactions between
treatment and time, the treatments were pooled within sampling to simplify comparisons of the two
sampling dates, which were examined by repeated measures analysis of variance.
RESULTS
The effects of feeding treatments are shown in Fig. 1. Sheep that had been fed below maintenance
excreted less of both norepinephrine and dopamine than animals fed at maintenance (day 61, P <
0.05), but epinephrine excretion was unaffected. During fasting, reduced amounts of norepinephrine
(P < 0.05) and dopamine (P < 0.01), but not epinephrine, were excreted in urine. Nine days after the
animals were re-fed (day 79), only the excretion of dopamine increased significantly (P < 0.05) in
animals fed below maintenance previously.

Dopamine (ug/day)

100

*
75
50

*

25
0

Epinephrine (ug/day)

1.5

1.0

0.5

0.0

Norepinephrine (mg/day)

8

*

6
4
2
0

Day 61

Day 68 Day 69

Day 70 Day 79

Figure 1. Effect of feeding level on urinary excretion of dopamine, epinephrine and norepinephrine in
sheep feed below maintenance (diagonal) or at maintenance (cross-hatch) for 61 days, daily samples in the
sheep fasted for 3 days (days 68, 69 and 70), and then 9 days after re-feeding (day 79). *P < 0.05,
difference between feeding groups within each day.

10.

Anim. Prod. Aust. 2002 Vol. 24: 9-12

There were no interactions between feeding treatment and SS group, so the effect of the SS group is
shown separately in Fig. 2. Repeated measures analysis indicated that the high SS group excreted
more epinephrine in the urine overall (P < 0.05). Univariate analysis indicated that this difference
occurred primarily before fasting (day 61) and during the first two days of the fast (Fig. 2). The
excretion of norepinephrine and dopamine was similar in the two SS groups.
Feeding level before or after the fast did not affect concentrations of cortisol in plasma, but
concentrations increased substantially during the fast (P<0.01; Fig. 2). Plasma concentrations of
cortisol were greater in the high SS group after fasting (Fig. 2). There was no interaction between SS
group and feeding treatment.

Epinephrine (ug/day)

2.0

**

*

*
1.5

1.0

0.5

0.0

Day 61 Day 68 Day 69 Day 70

Day 79

Plasma cortisol (nmol/l)

60
50
40
30

*

20
10
0

Day 64

Day 68 Day 69 Day 70 Day 83

Figure 2. Effect of staple strength group (low SS, diagonal bars; high SS, cross hatched bars) on urinary
excretion of epinephrine and plasma concentration of cortisol, when fed at or below maintenance (days 61
and 64, respectively), fasted for 3 days (day 68, 69 and 70) and re-fed for 9 or 13 days respectively (days 79
or 83). * P < 0.05, ** P < 0.01 difference between SS groups within each day.

There were no significant effects of SS group on fibre diameter at the point of break (14.4 and 15.2
m for low and high SS groups respectively, P = 0.12), or prevalence of shed fibres at the point of
break (2.8 and 3.6% for the low and high maintenance group respectively, P = 0.48). Sub-maintenance
feeding reduced fibre diameter at the point of break (14.2 and 15.3 m for sub-maintenance and
maintenance fed groups respectively, P < 0.05).
DISCUSSION
The substantial increase in plasma cortisol concentration during the 3-day fast (Fig. 2) is consistent
with a “stress” effect of fasting, but it is likely that the increase was not really due to stress. The other
adrenal hormone associated with stress, epinephrine, did not increase. Furthermore, plasma
concentrations of cortisol are strongly affected by the proportion of the circulation that flows through
the liver (Panaretto 1974), and splanchnic blood flow would be reduced in unfed animals. Therefore,
it is probable that the increased plasma concentration of cortisol resulted not from increased
production by the adrenal gland, but from reduced clearance rate of cortisol from plasma by the liver.
It is possible that the reduced excretion of norepinephrine and dopamine during the fast (Fig. 1) was
also due to decreased clearance of catecholamines by the kidneys resulting from reduced splanchnic
flow. Whatever the mechanism, there was no evidence that catecholamine activity was increased by
fasting.
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There was no hormonal indication that the low SS sheep were more sensitive to stress effects of
fasting. Scobie et al. (1994) found that even small increases in epinephrine or norepinephrine
produced a significant decline in mitotic activity in the wool follicle. Norepinephrine is produced
mainly by the sympathetic nervous system, and affects metabolism primarily by promoting lipolysis
(Rayner 2001). Dopamine is also a neurotransmitter, but its role in metabolism is unclear.
Epinephrine is secreted by the adrenal gland, and increases the metabolic rate in sheep (Alexander and
Bell 1982) and humans (Ratheiser et al. 1998). The higher excretion of epinephrine in the high SS
sheep fed below maintenance or fasted indicates that they maintained a greater metabolic rate during
this period, a finding which is consistent with the greater rate of protein synthesis observed in high SS
sheep when fed below maintenance (Adams et al. 2000). Sheep with enhanced secretion of
epinephrine by the adrenal gland during feed restriction may therefore have improved SS, although it
is not clear why this apparently was insufficient to affect SS through decreasing the mitotic rate in the
wool follicle.
Although plasma cortisol concentrations were increased substantially during the fast, there was little
evidence of follicle shutdown and fibre shedding in this study. This is consistent with the finding that
sheep needed to be treated with cortisol for longer than 3 days to cause significant follicle shutdown
(Schlink et al. 2002a). Furthermore, the 3–day fast did not produce a significant change in fibre
diameter in either nutritional or SS groups, despite large nutritionally induced differences in fibre
diameter at the start of the 3-day fast (Schlink et al. 2002b). Similarly, Thwaites (1972) found that
feeding for 14 days at 10% maintenance had no effect on mid-side patch fibre diameters. In field
studies, Schlink et al. (2000) found no effect of the "break of season " on fibre diameter, and Mata et
al. (1999) could not detect a specific weakness in staples at the break of season. We conclude that
fasting events per se have little effect on wool growth rate and are unlikely to cause sufficiently
prolonged elevations in plasma cortisol to affect SS. Despite the wide spread belief that low SS is due
to “stress”, this study indicated that short-term stresses have negligible effects on SS.
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SUMMARY
Live measurements of weight, height, length, girth, fat depth, stifle- and hip-width were obtained prior
to slaughter to develop prediction equations for carcass traits. The animals were boned out after
slaughter and comprised 182 steers from the Southern Crossbreeding Program (progeny from Hereford
cows crossed with seven sire breeds: Angus, Belgian Blue, Hereford, Jersey, Limousin, South Devon
and Wagyu) and 59 steers from the Davies Gene Mapping Project (pure Limousin, pure Jersey and
Limousin x Jersey). Stepwise regression was used to indicate the relative importance of variables in
each model designed to estimate the percentage of meat, bone and fat from the carcass weight. The
meat, bone and fat yields correspond to 70, 19 and 11% of the carcass on weight basis. The prediction
equations developed accounted for 93, 87, 74 and 65% of the variation in carcass, meat, bone and fat
weight respectively without breed in the model. This study has shown that some carcass traits may be
determined accurately from measurements on live animal.
Keywords: live-measurements, prediction, cattle, carcass traits
INTRODUCTION
The accuracy of functions used to predict carcass composition from live animal measurements is of
immense potential contribution to livestock production enterprises. The value of beef cattle lies in
their ability to efficiently produce a carcass composed of optimal proportions of muscle, bone, and fat
at market weight (Tatum et al. 1986) or market specifications. The ability of the producer and buyers
of livestock to relate objective live animal characteristics to carcass characteristics is essential for
optimum production and value based trading systems. This ability will also enable processors to more
accurately determine returns from meat processing and it may increase the rate of genetic gains in
meat quantity traits in breeding herds.
In the past, many subjective live animal assessments (e.g. conformation score and butt shape profile)
have been found to be poor indicators of carcass composition (Kempster et al. 1982). The problem has
been the associated confounding of the relationship of muscle and yield with that of fat and yield.
Other live measurements studies include the use of ultrasound technology (Hearing et al. 1994) that
may not be cost-effective and/or may be of less application. In view of these challenges, this study
examines the effectiveness of predicting carcass yield from objective live animal measurements.
MATERIALS AND METHODS
Animals
The animals used in the study were 241 steers born in March and April 1995 from two projects. 182 of
the steers by 26 sires were the second calf drop of the Southern Crossbreeding Project, which
comprised of progeny from seven sire breeds (Angus, Belgian Blue, Hereford, Jersey, Limousin,
South Devon and Wagyu) mated to Hereford cows (Rutley et al. 1995). There were also 59 steers (14
Jersey, 28 Limousin, 17 Limousin x Jersey) born to 4 sires (2 Jersey and 2 Limousin) from the second
drop in the first phase of the Davies Gene Mapping Project. Steers management and feeding from birth
to slaughter have been described (Ewers et al. 1999; Afolayan et al. 2001).
Live measurement
Prior to slaughtering, empty weight (24h off feed) of all the steers were taken. The body measurements
taken, apart from live weight, using a tape included the following traits; height (measured as the
distance from the top of midline between the hips to the ground), the length (measured as the distance
between the first sacral bone on the shoulder and the butt of the tail), and the girth (measured as the
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body circumference immediately posterior to the front leg). Other measurements along those
mentioned earlier before slaughter were fat depth scanned at the P8 site on the rump plus hip width
(bone) and stifle width (muscle) measured using calipers. Stifle width as a proportion (%) of hip width
has been used previously (Afolayan et al. 2001) based on an indication of muscularity by McKiernan
(1990) when developing visual techniques for assessing meat yield.
Slaughter and bone out procedure
The site and sequence of slaughtering of animals was as reported by Ewers et al. (1999). Each carcass
was subjected to the standard minimal Ausmeat trim on the slaughter floor. Fat on the topside and
brisket was not removed in order to increase the accuracy of information gained from the carcass
measurements. Prior to boning out, the left sides of each carcass were quartered between the 10th and
11th rib and were assessed by an Ausmeat accredited assessor. The processing was carried out by a
group of one boner, one slicer and one packer supplied by the abattoir. Individual animal weights for
all the primal cuts before and after slicing were recorded. The trimmings from the primal cuts and each
of the bones were also weighed.
Statistical analysis
The traits analyzed included carcass, meat, fat and bone weights and percentages (Table 1). Live
animal measurements were as indicated above. Equations were formulated on a whole-carcass basis.
The REG procedure in SAS (1992) was used to determine the relative importance of variables in a
model designed to estimate the seven carcass traits. The stepwise method was used. The variables
included by the stepwise regression method were then used to develop an equation for each of the
traits. The amount of variation due to breed differences in traits was determined using the PROC GLM
statement in SAS (1992).
RESULTS
Means and ranges for the body measurements and carcass traits were determined (Table 1). In general,
the range of values for the predicted carcass traits indicated a slight over- and under-estimation for the
smaller and larger animal respectively (Table 1).
Table 1. Summary of live-measurements and carcass traits
Item

Mean

CV

Weight (kg)
Height (cm)
Length (cm)
Girth (cm)
Hip (cm)
Stifle (cm)
P8 Fat (mm)
Carcass (kg)
Meat (kg)
(%)
Bone (kg)
(%)
Fat (kg)
(%)

555.3
134.5
146.8
202.4
48.5
44.9
11.9
322.8
225.6
69.8
60.9
19.0
36.2
11.3

9
24
26
22
18
10
3
7
25
8
7
12
4
5

Minimum
Actual
value
391.0
119.0
102.0
169.0
38.0
33.0
1.0
203.2
133.2
59.9
41.8
14.8
114.8
5.7

Maximum
Actual
value
736.0
156.0
159.0
221.0
63.0
55.0
22.0
436.0
325.2
77.1
78.0
26.1
77.9
21.7

Minimum
Predicted
value

Maximum
Predicted
value

208.0
132.9
63.6
43.3
13.5
15.0
10.4

417.0
290.3
76.4
75.4
20.4
74.2
24.8

Live-weight was the most accurate predictor of carcass quantity components [meat (R2=0.70) and
bone (R2=0.62) weight]. Of the live measurements apart from live-weight, stifle (R2=0.13) was next
most accurate in estimating meat weight and the correlation between these two traits was 0.80.
Variables like height, length, girth, stifle, hip and measure of muscularity (defined as stifle/hip x 100,
Afolayan et al. 2001), which are directly related to size and weight, displayed moderately to high
positive correlations with quantity carcass components (0.27 – 0.94). For the percentage of carcass
components, the highest correlation of 0.64 was found between muscularity and percent meat.
However, a negative correlation (-0.26) was obtained between percent meat and P8 fat depth but a
positive correlation (0.53) existed between the latter and percent carcass fat.
A minimum of three and a maximum of seven live measurement variables were significant (P<0.01)
for the prediction of the carcass traits in the stepwise procedure (Table 2). Carcass weight was
predicted at the 1% level of significance by using 3 live measurements. These variables (live weight,
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stifle width and height) accounted for 93% of the breed differences in the prediction equation (Table
2). The live-weight (R2=0.88) was the best variable but the addition of the other two variables (stifle
width and height) increased the R2 value and decreased the residual standard deviation. Eighty seven
percent of predicted meat weight was accounted for by the same variables in carcass weight with one
additional variable (hip width). The inclusion of hip width alone improved the model for meat weight
up to 86%.
Table 2. Regression equations using live-measurements to predict carcass traits
Dependent
variable
Carcass kg

-183.23

Meat

kg

-178.81

*

-194.22

kg

Constant

%

53.24

%

61.89

Bone kg

- 82.24

*

*

kg

-83.37

%

8.31

%

13.28

kg

33.24

*

Fat

*

kg

-1.70

%

30.99

*

%

11.66

Weight
kg
.48
(88)
.31
(70)
.28
(70)

.03
(62)
.03
(62)
-.02
(18)
-.01
(20)
.10
(8)
.10
(4)
.02
(2)

Height
cm
1.01
(1)
1.23
(2)
1.42
(2)
.12
(3)
.20
(6)
.25
(4)
.32
(4)

-.41
(2)
-.70
(6)
-.17
(2)
-.21
(7)

Length
cm

.17
(2)
.21
(2)
.05
(5)
.07
(5)

Girth
cm

-.14
(4)
.28
(3)
.21
(3)
.06
(3)

.49
(28)

.18
(16)

Hip
cm

-1.38
(1)
-1.49
(1)
-.37
(6)
-.33
(11)
.32
(1)
.29
(1)
.12
(4)
.12
(4)
.66
(7)
.68
(2)
.20
(3)
.25
(3)

Stifle
Cm
2.45
(5)
3.15
(13)
3.20
(13)
.44
(31)
.51
(30)

P8 Fat
mm

-.85
(1)

-.30
(17)

-.35
(3)

-.09
(3)
-.07
(2)
-.89
(2)
-1.09
(13)
-.37
(23)
-.40
(15)

-.13
(4)

1.39
(45)

.39
(27)

R2
%

Res.
SD

93

11.8

87

13.2

86

13.4

56

2.3

52

2.3

74

3.7

72

3.9

39

1.2

31

1.3

65

6.9

52

8.0

56

2.1

42

2.4

() Percentage contribution of each measurement to each prediction equation
*
Prediction values without P8 fat depth information included

The percentage variation of each variable in the bone (R2=0.74) and fat (R2=0.65) weight models were
calculated (Table 2). The major variable fitted to each trait differs. Live-weight explained 62% of the
variation and was recognized as the best in order of predictive significance for bone weight but P8 fat
depth (45%) was the best for fat weight. However, adding other important variables to each of the
model accounted for an additional 19 and 23% of variation in predicting bone and fat weights,
respectively. Live measurements traits accounted for 56, 56 and 39 % prediction for differences in
meat, fat and bone percent of the carcass yield. The single measurement that accounted for the highest
prediction was live-weight (18%) for bone, stifle (31%) for meat and P8 fat depth (27%) for fat
percent. Weight was insignificant for the prediction of meat % (Table 2).
Prediction equation was also calculated for all the seven traits under consideration by excluding P8 fat
depth in the list of variables (Table 2). Basically, carcass (R2=0.93) and meat weight (R2=0.86) were
predicted with the same level of accuracy but the R2 values dropped for all other traits. Also, breed
differences were highly significant (P<0.01) for all traits. However, when breed was fitted after the
live measurement traits in Table 2, it was no longer significant for carcass weight but was for the other
traits (result not presented).
DISCUSSION
Use of practical methods of estimation of carcass components would assist development of breeding
objectives and meat marketing. Estimation of carcass components (meat, fat and bone) by dissection in
commercial boning rooms is difficult, expensive and becoming almost impossible as regulations
related to export licenses become tightened. The results presented here show that carcass weight and
meat weight can be predicted accurately from measurements taken on live animals, thus avoiding the
high cost and difficulties of dissection.
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The R2 values of 93% (Table 2) for predicting carcass weight and 86% for meat weight using weight,
height, stifle and hip measurement indicated a reasonable prediction based on these traits with or
without P8 fat depth. There were indications herein that the body dimensional traits, as measured in
this study, are directly related to size and weight. The good relationship between stifle (greater than
other live measurements apart from live-weight) and meat weight explained the higher ranking
compared to others in percentage contribution to the prediction equation. For the percent meat, the R2
value of a 56% in this study was in the range of 60% and 51% obtained by Wallace et al. (1977) for
predicting percentage primal and retail yield, respectively, using ultrasound rib fat measurement
between 5th and 6th ribs but higher compared to that reported by Herring et al. (1994) for the prediction
of various retail cuts from visual score and ultrasound live animal measurements (24 – 48%). Perry et
al. (1993a;b) indicated R2 values of 46% and 62% for saleable meat yield of commercial stock based
on live-weight, P8 fat depth and muscle score. This study has demonstrated an alternative estimation
of percent carcass meat based on some objective live-body measurements plus P8 fat depth with a
similar level of accuracy.
As expected (Perry et al. 1993a), an animal with higher P8 fat depth had lower meat percentage
because of the negative correlation (-0.26) between these two traits. Consequently, the compromise for
the producers will then be to use antagonizing relationship of P8 fat depth and McKiernans’ (1990)
muscularity measurement to saleable meat yield in selecting live animals for targeted markets.
Moreover, this result has supported earlier study (Perry et al. 1993b) that some carcass traits may be
predicted without P8 fat depth (which may require trained, skilled assessor) measurements while the
precision of prediction for others significantly decreased without this information. For meat and bone,
P8 fat depth added very little accuracy to their estimation but was very important for fat traits. There
were no systematic departures from expectation when the plots of actual against predicted values
(graphs not shown) were examined for the carcass traits. Thus, even at extremely low and high values,
the predictions were reasonable.
Based on the results of this study, carcass weight may be reasonably predicted based on live animal
measurement regardless of the breed type. However, for precision in other carcass traits (including
meat weight and percent meat in the carcass) the breed difference is still required to develop their
equations. Effective and reliable prediction of carcass yields from the low-cost objective rather than
high-cost objective (e.g. ultrasound) and/or subjective (muscle score) live animal measurements would
reduce production costs and enjoy wider application by producers.
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IN VITRO FERMENTATION ASSESSMENT OF GERMINATION AND
RECONSTITUTION PROCESSING FOR DIFFERENT SORGHUM GRAIN TYPES
R.O. BALOGUN, S.H. BIRD and J.B. ROWE
Department of Animal Science, University of New England Armidale 2351

SUMMARY
The effects of controlled germination and reconstitution processes on fermentability of sorghum grain
were investigated using an in vitro fermentation technique. Twenty-two sorghum grain types obtained
from the University of Sydney Plant Breeding Institute, Narrabri, NSW Australia, were either dry
rolled, reconstituted for 21 d (anaerobic storage) or germinated for 5 d. Grains were then rolled and
incubated in buffered rumen liquor, and volatile fatty acid (VFA) production after 5 h was determined.
Germination capacity (percent of grains that sprouted after 3 d) and water uptake after soaking for 24
h were also measured to determine their relationship with VFA production from germinated or
reconstituted grains. Grain type and processing treatment significantly (P<0.001) affected the
fermentability of sorghum grain and there was a significant level (P<0.001) of interaction between
these factors. VFA production ranged from 44-69 mmol/L for germinated grains and 36-55 mmol/L
for reconstituted grains, and both treatments gave significantly (P<0.05) higher VFA production than
VFA production from dry rolled grains (20-28 mmol/L). Fermentability of germinated grains was
higher than that of reconstituted grains for all except five grain types. Germination capacity and water
uptake were significantly (P<0.001) affected by grain type and ranged from 3-97% and 33-41%,
respectively. Germination capacity was significantly (P<0.001) and negatively correlated with water
uptake (r = -0.81). VFA production was positively correlated with germination capacity (r = 0.92;
P<0.001) but negatively correlated with water uptake (r = -0.80; P<0.001). For reconstituted grains,
VFA production was neither correlated with germination capacity (r = -0.06, P= 0.80) nor with water
uptake (r= 0.27, P=0.23). It was concluded from this study that controlled germination processing
improved the fermentability of sorghum grain more than the conventional method of reconstitution,
and the level of response to germination or reconstitution was dependent on grain type.
Keywords: germination, reconstitution, sorghum, in vitro fermentation, water uptake
INTRODUCTION
Unprocessed or minimally processed (dry rolled) sorghum grain is less digestible in cattle when
compared to other cereal grains such as barley, oats and wheat. The endosperm of unprocessed
sorghum grain contains a tightly packed protein matrix, within which the starch granules are
embedded (Rooney and Pflugfelder, 1986). This dense matrix is most abundant in the outer corneous
layer of the endosperm and the starch in this part of the endosperm is more resistant to digestive
enzymes or bacteria than the starch in the inner floury endosperm, which is more susceptible to
degradation (Huntington, 1997). Therefore, to maximize the utilization of sorghum grain by cattle,
there is a need for some form of processing to break the protein matrix and make the starch more
susceptible to digestion in the rumen and small intestine.
Reconstitution is an effective processing method for improving the digestibility of sorghum grain by
cattle. The moisture content of whole grain is increased to at least 30%, after which the grain is stored
anaerobically for a period up to 21 d followed by rolling before feeding. The improvement in the
digestibility of reconstituted sorghum grains is partly attributed to the initiation of germination, which
occurs following water absorption (Simpson et al., 1985). Using a light microscope, Sullins et al.
(1971) observed a disorganization of the corneous endosperm of reconstituted grain similar to those
occurring in germinated grains. Increased solubilization of protein and starch was also reported in
sorghum grains that were germinated prior to reconstitution compared to grains that were not
germinated (Pflugfelder and Rooney, 1986). During germination, endogenous enzymes present or
synthesised in the grain embryo breakdown protein matrix and starch in the endosperm and increase
their availability for digestion by digestive enzymes and bacteria. It might therefore, be more
beneficial to optimise the conditions of germination for hydrolytic enzyme breakdown of the protein
matrix of sorghum grain in order to release the starch for maximum digestion in the rumen and small
intestine of cattle.
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The response of sorghum grain to reconstitution is variable and can be negative or positive (Hibberd et
al., 1986). This variation could be due to the differences in method of reconstitution, the type or
cultivar of grain, or the age or storage conditions of the grains. The extent of exposure of grain to
aeration prior to anaerobic storage would affect the extent of germination and eventually the response
of the grain to reconstitution (Pflugfelder and Rooney, 1986). The compositions of starches and
proteins in grains vary but differences in their structures in the endosperm are thought to be
responsible for the differences in response to processing of sorghum grain (Rooney and Pflugfelder,
1986). These structural differences would also affect water uptake (Kavitha and Chandrashekar,
1992), which might in turn affect the germination capacity (ability to initiate and complete
germination) of the grain. The objectives of this study were therefore (1) to examine the effects of
reconstitution and germination processes on in vitro fermentation of different sorghum grain types and
(2) to determine the relationship between the fermentability of processed sorghum grains and their
germination capacity or water uptake.
MATERIALS AND METHODS
Grain and processing treatments
Samples of 22 sorghum grain types were obtained from the University of Sydney Plant Breeding
Institute, Narrabri, NSW, Australia. Among these grains, two (Identification numbers 7828 and 7710)
were of the waxy-type containing amylopectin starch. Grains were subjected to one of the following
treatments: whole grain dry rolled; whole grain soaked in distilled water for 24 h and then stored
anaerobically for 21 d (reconstitution) or germinated for 5 d (controlled germination) at 25°C.
Immediately after treatment, reconstituted and germinated grains were rolled and dried at 50°C for 24
hours.
In vitro fermentation
A previous study conducted in this laboratory showed that volatile fatty acid VFA production from
sorghum grains was closely correlated with starch digestibility (Balogun, unpublished). For this study
therefore, the extent of in vitro fermentation was determined by measuring the total VFA
concentration (mmol/L) after 5 h incubation according to Bird et al. (1999), but using smaller samples.
Approximately 2 g (air-dry basis) of processed grains were weighed into 50 ml conical flask followed
by the addition of 33 ml of buffered rumen liquor (1:3 rumen liquor and McDougall's buffer,
McDougall, 1948). Samples were then incubated in a shaking water bath at 39°C for 5 h. Blank
samples containing only buffered rumen liquor were also incubated. One millilitre of 3.6M H2SO4
was added to stop fermentation, after which liquor samples were taken and VFA concentration
determined by gas chromatography (Varian CP 3800 Gas Chromatograph with Varian CP 8400
Autosampler) using isocaproic acid as internal standard (Erwin, 1961). The production of VFA from
each grain sample was then calculated by subtracting the initial VFA concentration in the blank
samples.
Germination capacity and water uptake
Germination capacity (%) was determined by counting 50 whole grains into petri dishes (9 cm
diameter) lined with two layers of filter papers moistened with 4 ml of distilled water. There were
three replicates for each grain. The grains were then allowed to germinate for 3 d at 25°C, after which
the number of grains that sprouted was counted. For water uptake (%) determination, approximately 5
g of dry, whole grains were soaked in distilled water at 25°C for 24 h. The total moisture after soaking
was determined by drying the grain in a force draught oven at 105°C to constant weight.
Statistical analyses
Data on germination capacity, water uptake and VFA production were subjected to analysis of
variance using S-Plus statistical software (MathSoft, 1999). Significant differences between means
were determined using the Fisher’s Least Significant Difference test. Correlation analysis was carried
out to determine the relationship between VFA production and germination capacity or water uptake
using the S-Plus statistical software (MathSoft, 1999). Results from waxy grains were not included in
the correlation analysis because they have endosperm characteristics, which make them to be
inherently more digestible than the non-waxy cultivars (Huntington, 1997).
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RESULTS
In vitro fermentation
Volatile fatty acid production ranged from 44-69 mmol/L for germinated grains, 36-55 mmol/L for
reconstituted grains, and 20-28 mmol/L for dry rolled grains. The ranking of grains from the lowest to
the highest VFA production was not similar for germinated, reconstituted or dry rolled grains. Figure
1 shows the increase in VFA production from germinated and reconstituted grains above VFA
production from dry rolled grains. Grain type and processing treatment significantly (P<0.001)
affected VFA production and there was an interaction between these factors (P<0.001). The
production of VFA from germinated or reconstituted grains was significantly (P<0.05) higher than
from dry rolled grains, and the level of increase was influenced by grain type. VFA production from
germinated grains was significantly (P<0.05) higher than that from reconstituted grains except for 5
grains where VFA produced from the grains were similar (P>0.05) for both treatments.
Germination capacity and water uptake
Both germination capacity and water uptake were significantly (P<0.001) affected by grain type.
Germination capacity ranged from 3% to 97% (P<0.05; se= 3.66). Water uptake ranged from 34% for
grain 7818 to 41% for grain 7828 (P<0.05; se= 0.689).
Correlation

VFA production from germinated grains was positively correlated (P<0.001) with germination
capacity (r = 0.92) but negatively correlated with water uptake (r = -0.80). There was no significant
correlation between VFA productions and the germination capacity (r = -0.06; P=0.80) or water uptake
(r = 0.27; P=0.23) for reconstituted grains. There was a significant (P<0.001) and negative correlation
between germination capacity and water uptake (r = -0.81).
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Figure 1. Volatile fatty acid (VFA) production (less VFA production from dry rolled grains) from
germinated and reconstituted grains. Grains are arranged in decreasing order of VFA production from
germinated grains. Error bars represent standard errors of means. Sample identification numbers are as
provided by the University of Sydney Plant Breeding Institute Narrabri.

DISCUSSION
The higher VFA production from fermentation of germinated grains compared to reconstituted grains
is consistent with the study of Pflugfelder and Rooney (1986) who reported that germination of
sorghum grains prior to reconstitution was responsible for the increased starch and protein
solubilization when compared to grains that were not germinated before reconstitution. The synthesis
of hydrolytic enzymes and the break down of the protein matrix and starch in the endosperm are
optimised during controlled germination process but are inhibited during the anaerobic phase of
reconstitution (Simpson et al., 1985). This limited enzyme activity could partly explain the lower
improvements of fermentability of sorghum grains by reconstitution compared to germination. The
similarity in the fermentability of germinated and reconstituted grains for 5 grain types in this present
study could be due to their relatively low germination capacity indicating limited enzyme activities
even under aerobic conditions.
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The increase in VFA production from germinated grains above that from dry rolled and reconstituted
grains ranged from 88 to 226% and -5 to 93%, respectively. This difference in response indicate
variation between grain types and is consistent with Hibberd et al. (1986) who also reported that
different sorghum grain types or varieties responded differently to reconstitution in terms of their in
vitro dry matter disappearance or gas production. The ranking of grains according to their VFA
production did not follow a similar trend for all treatments suggesting that the limiting factors for
fermentation of a grain type are different for each processing treatment. The lack of correlation
between VFA production from dry rolled, germinated or reconstituted sorghum and the protein or
starch content of the grains (data not shown) indicate that the endosperm structure rather than the
composition of starch and protein might be the critical factor limiting their digestibility.
Grains with low germination capacity are either inherently low or might have partly lost their
germination capacity during storage. The positive and strong correlation between germination
capacity and VFA production shows that grains with high germination capacity are likely to respond
more positively and strongly to processing by germination than those with low germination capacity.
However, despite their poor to medium germination capacity, VFA production from the two waxy
grains (7710 and 7828) when germinated were comparable to some of the grains with higher
germination capacity. Waxy grains are known to have soft endosperm with loosely packed protein
matrix and starch granules, and therefore would require minimal processing to achieve high
digestibility (Huntington, 1997). The lack of correlation between germination capacity and the VFA
produced from reconstituted grain might be due to the fact that, even though germination is initiated
during reconstitution, it is not likely to result in radicle emergence, which was the measurement used
to determine germination capacity.
Water absorption is primarily a physical process and the rate and extent of uptake of water by grain
would probably be higher for soft endosperm than for hard endosperm grains (Kavitha and
Chandrashekar, 1992). The reasons for the negative correlation between water uptake and VFA
production from germinated grains are not clearly understood but could be due to the fact that since
water uptake is a physical process, grains that did not respond to germination will still absorb water.
In fact dead grains will also absorb water. It is therefore, not likely that the extent to which a particular
grain type or cultivar absorbs water would influence its response to either germination or
reconstitution.
This study has shown that controlled germination for 5 d improved fermentability of sorghum grain
compared to dry rolling or reconstitution for 21 d. The extent of improvement in fermentability by
either germination or reconstitution process is also influenced by the type or cultivar of the grain.
While germination capacity might appear to be a good indicator of the suitability of a sorghum grain
for treatment by germination, this is not the case for water uptake.
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SUMMARY
Grilled kangaroo meat was evaluated by consumer taste panel to determine the magnitude of preharvest effects on meat quality. Discriminant analysis resulted in the weightings of 0.20 for
tenderness, juiciness and flavour, and 0.40 for overall acceptability. These weightings were used to
combine the results into the one dimension of palatability. Flavour was found to be the predominant
factor influencing the acceptability of grilled kangaroo, showing a high correlation (r = 0.89) with
overall acceptability. A muscle by species interaction was seen to be significant (p < 0.01) for
palatability, as well as muscle by dressed weight. Red kangaroo cuts were evaluated as being more
palatable than Western Grey cuts, while heavier carcasses yielded tougher meat from the leg muscles,
but not from the loin fillet.
Keywords: consumer taste panel, kangaroo, meat quality
INTRODUCTION
Kangaroo meat for human consumption is an emerging Australian industry that is currently based on
the field harvesting of wild populations of animals. The very nature of field harvesting introduces a
number of variables that can potentially influence the resultant meat quality of the product: these
factors have an impact both pre- and post-harvest. This trial focused on the pre-harvest factors
influencing kangaroo meat quality, as judged by consumer based taste panel assessment of the
product. Post-harvest handling and procedures were kept as constant as possible for all the sample
animals. Kangaroo meat is currently gaining in popularity on the Australian domestic market, a
market in which consumers are increasingly discriminating against poor quality meat.
MATERIALS AND METHODS
Background
Sample animals were harvested from the Hallett region of South Australia, (2 hours north of
Adelaide). Vegetation was relatively sparse, and total rainfall for the 3 months preceding this
experiment was less than 100mm. Ambient late summer temperatures (both nights) ranged from 17 to
230C. Animals (n=36) were field harvested over two nights using standard procedures for the
harvesting of kangaroo game meat. Muscles were collected from the processing plant after 9 days of
ageing. Two species of kangaroo were sampled (n=18 per species), the Western Grey (WG:
Macropus fuliginosus) and the Red (R: Macropus rufus), (dressed weights - WG: mean 28kg, range
14-45kg; R: mean 21kg, range 15-30kg). The two species did not show differences in maturity when
comparing similar dressed weights. Equal numbers of each sex were obtained for each species (n=9).
Sample preparation and evaluation procedures
The sample preparation and sensory procedures followed those used by Meat Standards Australia
(MSA) for beef and lamb (Polkinghorne et al. 1999).Three muscles were collected for sensory
assessment from each animal (M. biceps femoris - silverside, M. adductor - topside and M.
longissimus dorsi - loin fillet), plus a fourth which was used as an initial sample for the sensory panels
(M. gluteus medius - rump). As many of the muscles were too small to form a sensory sample, muscle
binding enzyme powder was used (Pearl “E” Protein Active Meat Binder, Earlee Products Pty. Ltd.,
Brisbane Australia) to combine L and R side muscles from each animal. For binding, muscles were
thawed rapidly (microwave) to -5°C and then thawed to above 1°C within 5 hours. The binding
procedure was then carried out without delay, and the samples quickly refrozen to -20°C. After
binding, muscles were then sliced across the fibre direction into steaks of a consistent 20mm thickness,
all of similar diameter (~50mm), in preparation for grilling.
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Sensory evaluation procedures
The results of MSA with beef and lamb sensory trials, showed sensory evaluation using untrained
consumers to be an effective alternative to trained taste panels (Polkinghorne et al. 1999). Consumer
taste panels require many more participants due to the higher level of variation associated with
untrained consumers, but yield results that are relatively unbiased and directly relevant to industry.
A total of 7 samples were offered to each consumer (6 plus the starter muscle) per session. Each
session/panel consisted of 12 people with 12 panels conducted in total. Therefore, 144 peopleassessments were conducted, totalling 864 individual samples (without the starter steak).
Steaks were randomised across all panels and tasters. Panellists were informed of the randomised
nature of samples and that the samples were grilled kangaroo, but further details were not disclosed
until after the panels had been completed. Sample cooking was by grilling 6 steaks simultaneously on
a Silex double clam grill, at a temperature of 200°C. All samples were cooked for 2.25 min, with 2
min rest at room temperature before halving each steak for serving.
Sample evaluation
Each steak was evaluated separately for tenderness, juiciness, flavour and overall acceptability by
vertically marking unstructured 100mm horizontal lines (each converting to a score out of 100). The
lines were anchored by the words not tender/very tender for tenderness, not juicy/very juicy for
juiciness and dislike extremely/like extremely for both flavour and overall acceptability. Consumers
were also requested to rate the eating quality of their steak on a four level ranked scale, from
unsatisfactory, good everyday, better than everyday to premium product. A blank box was included at
the foot of the evaluation sheet, allowing separate comments to be made on any steak if desired.
Statistical analysis
Statistical analysis of the data was performed with the SAS statistical package (SAS Institute, version
6.12). The four sensory dimensions were combined to give a single dimension of palatability, or the
‘KMQ4’ score, through the use of the discriminant analysis function in SAS. This formulated
weightings for each dimension of eating quality based on the rank score given to each sample
(Polkinghorne et al. 1999). The mixed model covariance-test procedure was used to model the data,
with palatability, tenderness, flavour, juiciness or overall acceptability as the dependent variable. All
possible variables and logical interactions were tested. In all models, both animal and taster (within
session) were included as random effects.
RESULTS
Discriminant analysis resulted in the weightings of 0.20 for tenderness, juiciness and flavour, and 0.40
for overall acceptability. These weightings were used to multiply each dimension, which, upon
addition of the four, resulted in the palatability score. Testing the four original dimensions with
discriminant analysis, it was calculated that 67% of the results were effective in determining the
ranking score for each sample. Palatability alone correctly ranked 60% of the rankings. Tenderness
tested alone correctly ranked 41% of samples, juiciness 32%, flavour 53% and overall acceptability
65%. Scores for all four eating quality dimensions ranged from 0 to 100, and ranking scores for
overall eating quality ranged from 1 to 4. This is a reflection of the increased variability associated
with the use of untrained panellists.
Table 1. F ratios for the effect of muscle, species, dressed weight, species x muscle and dressed weight x
muscle, after adjustment for session and serving order effects. Results are also adjusted for the random
effects of animal and taster (within session). Values shown with Φ have a P<0.05.
Tenderness
Juiciness
Flavour
Overall Acceptability
Palatability
Effect
NDF/DDF F ratio NDF/DDF F ratio NDF/DDF F ratio NDF/DDF F ratio
NDF/DDF F ratio
Muscle
2/644
3.75Φ
2/647
0.97
2/646
3.77Φ
2/640
1.77
2/638
0.65
Species
1/644
51.46Φ 1/647
16.46Φ 1/646
5.26Φ
1/640
14.56Φ
1/638
30.9Φ
Φ
Φ
Dressed weight 1/644
3.94
1/647
4.81
1/646
0.26
1/640
0.33
1/638
0.15
Species x Muscle
17.48Φ 2/647
4.63Φ
7.91Φ
2/644
2.65
n.a.
n.a.
2/640
2/638
Dressed weight x Muscle
2/644
3.2Φ
n.a.
n.a.
2/646
3.03Φ
2/640
3.22Φ
2/638
3.21Φ
The interaction of dressed weight by muscle was not included in the model describing juiciness, and the interaction of
species by muscle was not included in the model describing flavour.
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Table 2. Significant effects least
squares means (units from 0 to 100
points)
Sp.

Muscle LSmean Std.err

Juiciness R
WG

61.84
55.37

1.25
1.25

Flavour

60.60
55.90

1.53
1.53

add

57.44

1.44

b.fem
l.dorsi

59.39
57.93

1.44
1.44

R
WG

Flavour

Table 3. Significant interactions least squares means (units
from 0 to 100 points)
M. adductor
Red WGrey
Tenderness 70.1 41
Overall
63.6 50.9
acceptability
Palatability 64.5 50.1

Table 4. Significant effects and interaction
regression estimates for dressed weight by
muscle.
Tenderness
Flavour
Overall
acceptability
Palatabilty

add
-0.43
-0.07
-0.28
-0.29

b. femoris l. dorsi
-0.23
0
-0.38
0
-0.43
-0.32

0
0

St.err.
0.17
0.17
0.18
0.14

M. biceps
femoris
Red WGrey
66.9
43.7

M. long. dorsi
Red
77.5

WGrey Std.err.
66.6
2.4

62.4

53.6

61.4

58.6

2.1

63.1

52.7

63.6

59.5

1.7

Table 5. Correlation matrix of the four dimensions of
eating quality and palatability
Tender Juicine
Overall
Flavour
Palatability
ness
ss
acceptability
Tenderness
1.00
Juiciness
0.48 1.00
Flavour
0.44 0.39 1.00
Overall
acceptability 0.56 0.48 0.89
1.00
Palatability
0.75 0.68 0.86
0.94
1.00

The regression coefficient for juiciness with respect to dressed weight was 0.29 (standard error 0.13).
Serve order was significant for tenderness and palatability models.
DISCUSSION
Table 5 shows the correlations between the different dimensions of eating quality including
palatability. This correlation matrix is thus a measure of the sensitivity that consumers have shown for
each of the eating quality dimensions. Between tenderness, juiciness and flavour correlations were all
<0.5, indicating that consumers were able to discriminate between these dimensions when judging
samples. Flavour and overall acceptability were, however, more highly correlated (r=0.89).
Consumers’ acceptability of kangaroo meat is therefore strongly driven by the flavour attributes of the
product, in contrast to beef studies where tenderness is of greatest importance (pers. comm. J.M.
Thompson 2002).
The decrease of 7% of correct allocation into ranking groups using palatability alone is quite
acceptable, considering that palatability is a combination of four separate dimensions. Similar results
have been obtained with beef using untrained consumers (pers. comm. J.M. Thompson 2002).
Analysis of the palatability scores showed there to be significant species by muscle interaction (p <
0.01). Palatability scores for Western Greys were lower for all muscles as compared with Reds (see
table 3). Palatability scores were similar for all cuts in the Red kangaroo, but the palatability score for
the loin fillet was higher in the Western Grey. This species by muscle interaction was also observed
for tenderness and overall acceptability when each was analysed in isolation, with Reds scoring higher
for both dimensions across all muscles. Differences in tenderness between muscles in the carcass may
be explained by such differences as connective tissue content. Palatability was significantly affected
by the interaction between dressed weight and muscle (P<0.05). Palatability scores for the silverside
and topside cuts decreased in heavier dressed carcasses (around 0.3 units decreased palatability with
every kg increase in dressed weight, see table 4). Not surprisingly a similar relationship was found for
tenderness, flavour and overall acceptability. However, there was a negligible effect of dressed weight
upon the palatability score for the loin fillet. For tenderness, topside had the highest negative
correlation (-0.43) with dressed weight, followed by silverside (-0.23). Again, the effect was not
apparent in the loin fillet, a result that could be explained by the presumed lower content of connective
tissue in this muscle. Flavour was reduced in the silverside with increased dressed weight, whereas
the topside and loin fillet showed negligible differences. In terms of overall acceptability, silverside
showed the strongest effect, followed by topside, with a large part of this evaluation being due to the
high negative tenderness correlations.
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The observations of decreased tenderness with increasing dressed weight may be explained by
increased levels of connective tissue or increased cross-linking of collagen in the leg muscles of the
kangaroo as the animal matures, thus increasing the strength and resistance to damage of the muscles.
A heavier animal needs to deliver a greater force through its locomotive muscles to move; in the
kangaroo this is directed through hopping, and through the need for muscles to resist the strain of
landing. The explanation of the interaction of dressed weight with flavour is likely to be more
complex: possible biochemical changes occurring in the more heavily exercised leg muscles may
influence flavour relative to that observed in the more supportive musculature of the back. The
decrease in flavour with increasing dressed weight could be based on the assumption that heavier
animals are generally older. In other species, meat flavours usually intensify with increasing age
(Lawrie 1991), and in many cases this leads to reduced consumer acceptance. The flavour of Red
kangaroo cuts was evaluated more favourably than those from Western Greys. This difference may be
due to differences in dietary selection between the species.
Analysis of juiciness found neither the interaction between muscle and species nor dressed weight and
muscle to be significant. The most important effectors of juiciness were species and dressed weight.
Table 2 shows the effect of species, with Reds scoring over 6 points higher juiciness than Western
Greys (p<0.01). This parameter increased with greater dressed weight (males and females pooled),
with scores increasing by ~0.3 units per kg increase in carcass weight. Using dressed weight as a
crude indicator of kangaroo age, we conclude that older animals are more likely to yield juicy cuts of
meat. The increased juiciness of larger carcasses may result from a decrease in evaporative loss from
the larger carcass mass; however, leaving the skin on the carcasses in the chiller minimises this loss.
Although a significant difference in flavour existed between species, the relative importance of this
flavour difference was quite low (table 1). Flavour is an attribute of eating quality that is traditionally
difficult to link with causal factors, as these are usually subtle in nature. The added complexity with
kangaroo is that many consumers compare the flavour with other meats and as such it is considered at
times to be stronger in flavour. This leads to some consumers defining the product as having a
‘gamey’ type flavour, which is often discriminated against. No significant difference was found in
flavour between sexes, in contrast to other species (Lawrie 1991).
The fact that taste panel session was found to influence all modelled dimensions (p < 0.01) showed
that groups scored differently over the 12 taste panel three month period. However, this effect is
minor, and is adjusted for in the models. The serving order of steaks exerted a significant effect on
tenderness and palatability (p < 0.05). Scores decreased slightly within session. Consumers were
possibly becoming slightly fatigued, potentially due to the novel aspect of kangaroo meat. This effect
was also adjusted for in the models.
CONCLUSION
The particular muscle, species and dressed weight of the carcass, all influenced the eating quality of
grilled kangaroo meat significantly. Significant species by muscle interactions were found for the
characteristics of tenderness, overall acceptability and also for the integrated dimension of palatability.
Tenderness, flavour, overall acceptability and palatability were all influenced significantly by the
interaction between dressed weight and muscle. The overall acceptability score was seen to be the
most important aspect influencing the consumer ranking of product, with flavour contributing most to
overall acceptability, suggesting that the potential of kangaroo meat as a viable product is strongly
dependent on the unique flavour characteristics of the muscle.
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SUMMARY
The effect of parasite infections on amino acid (AA) flux across the hind limbs in lambs infected with or
without Trichostrongylus colubriformis and fed fresh lucerne (Medicago sativa), was investigated using
an arterio-venous preparation. The lambs were infected with 6000 T. colubriformis L3 larvae per day for
6 days (n=5) or kept as parasite-free controls (n=5). On day 48 of the experiment, the lambs were infused
continuously for 8 hours with indocyanin green (14.7 mg h-1) into the abdominal aorta in order to measure
plasma flow across the hind limbs. Blood was continuously collected from the mesenteric artery and vena
cava for two hour periods throughout the infusion period and plasma was harvested. The concentration of
AA in plasma from the mesenteric artery and vena cava, and plasma flow across the hind limbs were
determined and the corresponding net AA flux was calculated. Parasite infection had no effect on the feed
intake (777 g DM d-1 (SE 7.69); P>0.05) or plasma flow across the hind limbs (498 mL min-1 (SE 46.7);
P>0.05). In most cases, the plasma concentration and the net flux of AA were not affected by the
presence of an intestinal parasite infection (P>0.05). Due to a decrease in average daily gain in these
lambs it is likely that there may be an alteration in the utilisation of AA in other tissues (e.g. gut and liver)
of lambs infected with intestinal parasites.
Keywords: Trichostrongylus colubriformis, sheep, amino acid, hind limb
INTRODUCTION
Intestinal parasites have been shown to decrease weight gain, milk and wool production (Steel and
Symons, 1982; Sykes, 1982; Poppi et al., 1990) and alter body composition (Parkins and Holmes, 1989).
These decreases in animal production may be due to an alteration in the way that amino acids (AA) and
other nutrients are partitioned within the body of the infected animal, as there is an increase in the amino
acid (AA) requirement for the immune response and tissue repair (Parkins and Holmes, 1989). This
increase in AA requirement is thought to be met by the breakdown of the body protein stores – mainly
muscle (MacRae, 1993). By quantifying the pattern of AA flux across the hind limbs it is possible to get
an understanding of the metabolic processes occurring in this tissue. The aim of this study was to
investigate the effects of an intestinal parasite infection on the flux of AA across the hind limbs in order to
determine whether such repartitioning does occur in lambs. These preliminary results are part of a larger
study investigating the effects of a T. colubriformis infection on AA utilisation in skeletal muscle, the
gastrointestinal tract and liver using arterio-venous preparation across the small intestine, the portaldrained viscera, the liver and the hind limbs of lambs fed fresh lucerne or sulla.
MATERIALS AND METHODS
Animals and feed
Ten castrated male Dorset-Romney cross lambs aged approximately 6 months old, with initial live weight
of 38 kg (SE 1.4) were housed indoors in individual metabolism crates and offered fresh vegetative
lucerne (Medicago sativa) at about maintenance intake (800 g DM d-1). The lucerne was harvested every
25.
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two days by a sickle bar mower by 10.00 am and stored at 4°C. The sheep were fed at hourly intervals
from overhead feeders.
Permanent indwelling catheters were placed in the mesenteric artery and the mesenteric, portal and hepatic
veins (Huntington et al., 1989) and vena cava (Ortigues and Durand, 1995) for blood sampling. Additional
permanent catheters were placed in the mesenteric vein and abdominal aorta for infusion of
ρ-aminohippuric acid (PAH) and indocyanin green (ICG) to measure plasma flow through the splanchnic
tissues and the hind limbs of the sheep, respectively. A permanent cannula was fitted in the abomasum for
the infusion of [1-13C]-valine and [35S]-cysteine. A temporary catheter was inserted into the jugular vein
two days before blood sampling for the infusion of [3,4-3H]-valine.
One week after surgery (day 1 of the experimental period) five sheep were given 6000 T. colubriformis L3
larvae per day by mouth for 6 days while the remaining five sheep were drenched with water to serve as
controls. Faecal egg counts on individual sheep were determined every second day from day 20 to day 45
using the modified McMaster method (Whitlock, 1948) where one egg counted equated to 50 eggs per
gram wet faeces. Total intestinal worm burdens were determined after slaughter on day 48 as described in
Bermingham et al. (2000).
Arterio-venous sampling
On day 48 of the experiment the lambs received a continuous infusion of ICG (14.7 mg h-1) into the
abdominal aorta for 8 hours to measure the plasma flow across the hind limbs. The ICG infusion was
prepared according to the method outlined by Wester et al. (2000). To prevent blood clotting during the
continuous sampling, 6000 iu ovine heparin h-1 was infused into the jugular vein of the lambs, and
sampling lines and syringes were kept in an ice-water bath. As part of the larger study, 30 mL of blood
was withdrawn continuously every two hours from the mesenteric artery, the mesenteric, portal, and
hepatic veins, and the vena cava over the infusion period. This paper focuses on AA flux across the hind
limbs and therefore only AA concentrations in the mesenteric artery and vena cava and related calculated
parameters are presented. After each two-hour collection period, the syringes were removed from the
collection lines and carefully mixed by gentle rotation. The blood was centrifuged (4°C; 3270 g for 15
minutes), and the plasma harvested and either processed as described below for AA or ICG concentrations
or stored at -85°C.
Amino acid concentrations in plasma (0.5mL) were determined as described in Bermingham et al. (2000).
Plasma flow across the hind limbs was calculated using the ICG concentration measured in plasma (1.0
mL) which was centrifuged at 3270 g for 15 minutes at 4°C before measuring the absorbance of plasma at
790 nm using a spectrometer. Plasma concentrations of ICG were determined from a standard curve
generated by known concentrations of ICG and their corresponding absorbance.
Calculations and statistical analysis
Plasma flow across the hind limbs was calculated according to the following calculation:
Hind limb plasma flow (HLPf; mL min -1 ) =

ICG concentration in the infusate x Infusion rate
ICG concentration Vena cava − ICG concentration Arterial

Amino acid flux across the hind limbs (mmol min-1) was calculated by:

Net AA Flux (mmol min -1 ) = (concentration Arterial - concentration Vena cava ) x HLPf
Negative flux indicates a net release of AA from the hind limbs, whilst positive values represent a net
uptake of AA by the hind limbs.
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Probability (p) values lower than 0.05 were considered to indicate a significant difference and values
between 0.05 and 0.10 to indicate a trend. A General Linear Model (SAS Institute Inc., 1996) was used to
analyse the data. Results are presented as means and associated standard error.
RESULTS
The control and parasite groups had total intestinal worm counts of 353 (SE 116.7) and 22050 (SE 991.1;
P=0.001), respectively as determined after slaughter on day 48 of the experiment. However, the presence
of intestinal parasites did not affect daily feed intake (777 g DM d-1 (SE 7.69); P>0.05) nor plasma flow
across the hind limbs (498 mL min-1 (SE 46.7); P>0.05).
Amino acid concentrations in the arterial and venous blood and arterio-venous differences (data not
presented) did not differ between the control and infected lambs. Amino acid fluxes (see Table 1) showed
similar patterns of uptake (branched chain AA; BCAA) or release (Total, non-essential, and essential AA)
across the hind limbs, despite the presence of parasite infections. Only the flux of proline was affected by
the presence of parasite infections (P=0.07).
Table 1. Net amino acid flux ( mol min-1) across the hind limbs in lambs infected with or without
Trichostrongylus colubriformis infection and fed fresh lucerne (Medicago sativa)

Arg
Cys
His
Ile
Leu
Lys
Met
Phe
Thr
Val
Ala
Asn
Asp
Gln
Glu
Gly
Pro
Ser
Tau
Tyr
Total
NEAA1
EAA2
BCAA3

Control
n=5
-8.9
-19.7
-4.9
1.9
3.1
-1.3
-1.0
-0.2
2.0
5.1
-1.2
1.3
1.6
-31.2
-11.5
-7.0
-1.7
4.2
1.6
0.04
-67.8
-43.9
-33.9
10.0

SE
2.72
4.58
4.04
0.52
0.74
3.55
1.04
0.33
2.18
3.12
1.47
0.91
0.82
7.47
10.28
9.16
1.14
1.37
0.78
0.96
6.62
11.27
15.81
3.81

Parasite
n=4
-9.4
-18.8
-6.1
1.9
4.1
-6.4
-1.0
0.3
-0.4
5.3
-3.6
1.8
1.3
-29.0
9.3
-10.5
1.3
2.3
1.9
-1.0
-56.6
-25.1
-42.0
11.3

SE

P=

2.50
2.71
3.86
0.72
0.61
0.87
0.44
0.42
1.31
0.65
1.09
0.48
0.25
4.08
3.18
3.47
0.39
0.42
0.67
0.31
10.06
10.54
2.60
0.15

0.89
0.88
0.84
0.99
0.31
0.25
0.99
0.44
0.41
0.96
0.26
0.68
0.81
0.82
0.13
0.73
0.07
0.57
0.75
0.40
0.37
0.27
0.64
0.77

Negative values represent a net release from the tissue and positive values a net uptake by the tissue.
1.
Non essential amino acids (Asp, Glu, Ser, Asn, Gly, Gln, Tau, Ala, Pro)
2.
Essential amino acids (His, Thre, Arg, Tyr, Met, Phe, Lys, Cys; do not include the BCAA)
3.
Branched-chain amino acids (Val, Ile, Leu)
DISCUSSION
As previously reported (Bermingham et al., 2000) the dosing of T. colubriformis larvae was successful in
causing a sub-clinical infection in the small intestine of lambs, however there was no effect on feed intake.
There is very little data available on the flux of AA across the hind limbs of lambs fed fresh forages.
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Moreover to our knowledge, there is no data available on the effects of parasite infections on the
utilisation or release of AA by the hind limbs. Plasma flow across the hind limbs was similar to that found
by Roy et al. (unpublished data) who used a similar arterio-venous preparation. The pattern of uptake or
release of AA from the hind limbs in most cases, were similar to lambs fed pelleted rations (e.g. Hoskin et
al. 2001; Roy et al. unpublished data), where the essential- and non-essential AA were released by the
hind limbs, and the BCAA were taken up by the hind limbs.
There was no difference in the AA flux across the hind limbs between the control and parasite infected
lambs. This result does not necessarily mean that there is no shift in the metabolic processes (protein
synthesis and degradation or AA oxidation) with parasite infection. It is possible that there may be an
alteration in the way that AA are utilised within the hind limbs, with changes in protein synthesis,
degradation and/or AA oxidation resulting in a similar net flux. However, there are no differences in the
traditional carriers of N-groups resulting from the oxidation of AA (e.g. alanine). Average daily gain over
the N retention period was lower in the infected lambs (-100 versus 200 g d-1 (P<0.10) in the infected and
control lambs, respectively), while the whole-body utilisation of cysteine and valine was similar between
treatment groups (Bermingham et al., 2000). This suggests that an alteration in the protein synthesis
and/or degradation in other tissues may also have occurred. Such alterations in protein and AA
metabolism have been described in the gut by Yu et al. (2000), where the presence of T. colubriformis
resulted in increased sequestration of leucine in the gastrointestinal tract during T. colubriformis infection
in lambs fed pelleted rations. An increase in protein synthesis in the liver has also been reported following
a T. colubriformis infection (Jones, 1982). These alterations in tissue metabolism may become apparent
when the analysis of net AA flux, protein synthesis, protein degradation and AA oxidation rates in these
tissues from the larger study are completed.
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MICROBIAL DIVERSITY IN RUMEN ECOSYSTEM OF LACTATING COWS GRAZING
DIFFERENT LEVELS OF HIGHLY DIGESTIBLE PERSIAN CLOVER.
L. BOONEK , Y.J. WILLIAMS, B.J. LEURY and A.R. EGAN
Institute of Land and Food Resources, University of Melbourne, Parkville, Victoria 3010

SUMMARY
16S rDNA clone libraries were analysed to investigate the microbial diversity in rumen contents taken
at 6.30 a.m. and 7.00 p.m. from two lactating cows grazing either medium (MA) or high (HA) levels
of highly digestible Persian clover. Ruminal pH was 6.4 and 5.7 for the MA cow and 6.4 and 5.2 for
the HA cow at 6.30 a.m. and 7.00 p.m. respectively. Total genomic DNA was extracted from samples
of ruminal content, and used for Amplified Ribosomal DNA Restriction Analysis (ARDRA) to
examine the microbial diversity present in each sample. No less than 36 different ARDRA profiles
were obtained from 120 clones from 4 libraries. However, only 2 of these ARDRA profiles were
found to occur in all samples (designated A and B, with 49 clones). Clones obtained from HA cow had
the diversity of 0.40 and 0.43 at 6.30 a.m. and 7.00 p.m. respectively and appeared to be lower than
that of the clones obtained from MA cow which were 0.56 and 0.60 at 6.30 a.m. and 7.00 p.m.
respectively. Distinct differences in microbial community structure were found in all samples of two
cows. Using a Dice similarity coefficient of 0.60, the ARDRA profiles can be separated into 2 major
clusters. The first cluster includes the ARDRA profiles A and B, representing about 63.3% and 36.6%
of the total clones analysed at 6.30 a.m. and 7.00 p.m. respectively, in HA cow; and 33.3% and 29.9%
at 6.30 a.m. and 7.00 p.m. respectively, in the MA cow. The second cluster is comprised mainly of
single clones representing a unique ARDRA profile, and the profiles obtained are distinctly different
between low and high pH samples from both cows. Further work needs to be done on clones selected
from the dendrogram distribution to sequence the rDNA and determine their phylogenetic affiliation.
Keywords: Amplified ribosomal DNA restriction analysis, bacteria diversity, rumen pH
INTRODUCTION
The dependence of the rumen bacterial community structure on an animal’s diet is a well-documented
fact (Dehority and Orpin 1997). Most profound changes in the community structure occur during the
weaning period and, in adult animals, during major dietary changes such as the switch from roughage
to high-grain diet or transfer from hay/concentrate to pasture feeding. Supplementation to elevate
rapidly fermentable carbohydrate levels in the diet used to improve the productivity of cattle, often
induces acidosis, with pH declines attributable to the increase in the concentration of short chain fatty
acids and lactic acid. Although variations in the microbial population structure can be detected at
different levels of acidosis (Goad et al. 1998), these characterizations are all cultivation-based, and it
is uncertain whether the full range of microbial diversity has been recovered. Recently, PCR- and
hybridization-based analyses of either small subunit ribosomal RNA, or the gene(s) encoding this
molecule, have supported new ways to evaluate microbial diversity without the need for bacterial
cultivation (Amann et al. 1995), all useful for the identification and typing of microorganisms. We
report here the use of one of these methods, named ARDRA (for amplified rDNA restriction analysis)
to assess shifts in rumen microbial communities associated with differences in ruminal pH in lactating
dairy cows grazing different levels of highly digestible Persian clover. The method is relatively fast,
straightforward to use, and requires little or no sequence information about the amplified 16S rDNA
fragments prior to comparative or functional analysis.
MATERIALS AND METHODS
Animals and sample collection.
The experiment was conducted using 2 rumen fistulated, lactating Holstein cows. The animals were
allocated to either medium allowance (MA: pasture offered at approximately 15 kg DM/cow/day) or
high allowance (HA: pasture offered at 50 kg DM/cow/day). The two allowances generated DM
intakes of about 11 and 20 kg DM/cow/day. These allowances were aimed to result in differences in
average rumen pH, the minimum pH reached, and the proportion of the day that pH is below 6.0. The
cows were allocated to treatments and grazed Persian clover (Trifolium resupinatum L.) in individual
plots for 14 days prior to the commencement of rumen sampling. Ruminal fluid was collected using a
copper probe with a syringe attached and inserted through the cannula into the mid ventral region of
29.
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the rumen. Approximately 30 ml of this fluid was collected, dispensed into a tube, and its pH was
measured immediately. The whole ruminal contents were also sampled twice daily, one sample was
taken at 6.30 a.m. after milking and another at 7.00 p.m. Approximately 50 ml of digesta was
collected, immediately frozen in liquid nitrogen and stored at –20oC prior to DNA extraction.
Total DNA extraction and PCR amplification of the 16S rRNA genes.
Ruminal contents were thawed, then approximately 50 mg of sample was ground in liquid nitrogen
twice with mortar and pestle and the powder was used for DNA extraction using the DNeasy Tissue
Kit (QIAGEN). PCR amplification of 16S rRNA genes was conducted with a PTC-200 thermocycler
(MJ Research, Inc., USA). The reaction mixtures (50µl) contained 5µl of 10x AmpliTaq Gold reaction
buffer and 1.25 Units of AmpliTaq Gold DNA polymerase (both from Applied Biosystems), 200µM
of each deoxyribonucleotide triphosphate (Pharmacia LKB Biotechnology), 0.44 µM of each
oligonucleotide
primer
(519f
5′-CAGCMGCCGCGGTAATWC
and
1492r
5′GGTTACCTTGTTACGACTT), and 250ng of template DNA. The PCR reaction was performed with
an initial denaturation step at 94oC for 2 min., followed by 25 cycles of denaturation at 94oC for 2
min., annealing at 45oC for 1.50 min. and extension at 72oC for 2 min. A final extension at 72oC for 10
min was also included. The PCR products were subjected to gel electrophoresis in 1.5% (w/v) agarose
gels and stained with ethidium bromide. The gel regions containing the desired PCR products were
recovered from the gels using a sterile razor blade, and the DNA was purified using a Rapid Gel
Extraction spin column (Life Technologies, USA) according to the manufacturer’s recommendations.
Construction of 16S rDNA libraries.
The PCR products were ligated into the pGEM-T cloning vector (Promega, USA) and the ligation
mixtures were used to transform Escherichia coli JM109 competent cells, according to the
manufacturer’s specifications. White colonies (presumed to contain recombinant clones of the 16S
rRNA genes from the sample) were selected and propagated on LB agar plates with ampicillin (50µg
ml-1). Clones were confirmed to contain inserts of the desired length by PCR by using the same
procedures outlined above, but with T7 and SP6 (pGEM-T-specific) primers from Life Technologies
(US).
Amplified rDNA restriction analysis (ARDRA).
Aliquots (8µl) of each PCR product amplified by the T7 and SP6 primer set were taken and digested
with the restriction endonuclease HhaI (New England Biolabs) for at least 2h. The resulting DNA
fragments were then separated by electrophoresis in 2% (w/v) agarose gels. The 50 bp DNA step
Ladder (Promega) was used as a DNA marker. Gels were stained with ethdium bromide and DNA
fragments visualized under UV illumination. Restriction fragments shorter than 200bp were not
considered in the analysis because of the possible interference of residual primers and primer dimers.
Genetic distances between pairs of clones were calculated from the Dice similarity coefficient method
(Nei and Lei, 1979) using RAPDistance Program version 1.04 (Armstrong et al. 1994). Dendrograms
were constructed by the unweighted pair group method with arithmetic means using the Mega
software program (Kumar et al. 2001). Since diversity indices commonly used by ecologists cannot be
easily applied to ARDRA patterns (Borneman et al. 1996), we simply calculated diversity by dividing
the number of different patterns by the total number of clones that were analysed.
RESULTS
The results of the ARDRA analyses to date are shown in Table 1. We have identified 36 different
ARDRA patterns among the 120 clones examined to date. Only 2 dominant clone types, designated as
A and B, were found to occur in all samples, and these two ARDRA profiles account for ~41% of the
clones examined so far (49/120). Clones obtained from the HA cow had the diversity of 0.40 and 0.43
at 6.30 a.m. and 7.00 p.m. respectively and appeared to be lower than that of the clones obtained from
MA cow which were 0.56 and 0.60 at 6.30 a.m. and 7.00 p.m. respectively.
Table 1. Summary of rumen pH at a time of sampling and amplified rDNA restriction analysis
Cows

Sampling time

Rumen pH

Number of clones

Number of ARDRA type

Medium allowance (MA)

6.30 a.m.
7.00 p.m.
6.30 a.m.
7.00 p.m.

6.4
5.7
6.4
5.2

30
30
30
30

17
18
12
13

High allowance (HA)

30.

Genotypic
Diversity
0.56
0.60
0.40
0.43
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Figure 1. Relationship between 16S rDNA ARDRA types and percentage of clones. (a) Genotype
compositions. St, single-type clones, which found only once in 30 clones of the clone library. (b)
Dendrograms constructed from ARDRA. Each ribotype is designated by a capital letter

As shown in Figure 1a, ARDRA profile A was the most numerous in the MA cow, being 26.7 and
16.6% of the total clones analyzed at 6.30 am and 7.00 p.m., respectively. Profile A was also
numerically dominant in HA cows, as high as 56.6% in the 6:30 am sample and declining to 26.6% in
the 7:00 pm sample. Among the other widely distributed ARDRA profiles the F, B, P and Ah patterns
were found less in rumen samples of relatively high pH. “Unique” ARDRA profiles were more
abundant in the libraries prepared from the MA cow (36.7% and 43.3% of the total clones analyzed so
far from 6.30 a.m. and 7.00 p.m. samples, respectively) as compared to the HA cow (30% and 23.3%
of total clones from the 6:30 am and 7:00 pm samples, respectively). The relationships among the 30
clones from each rumen sample are shown in Fig. 1b. Using a Dice similarity coefficient of 0.60, 2
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main clusters can be roughly distinguished in all samples. The first cluster which includes two main
genotypes, A and B, representing about 63.3% and 36.6% of the total clones analysed at 6.30 a.m. and
7.00 p.m. respectively in the HA cow and 33.3% and 29.9% at 6.30 a.m. and 7.00 p.m. respectively in
the MA cow. The second cluster appears to be variable and constituted mainly of “unique” clones,
which were distinctly different between the low and high pH samples in both cows. The dominating
pattern A type was abundant at high pH rumen samples but found less in low pH rumen samples and
was consistent in both cows.
DISCUSSION
Although the number of clones in our libraries is relatively small, the ARDRA analysis clearly
identified both similarities and differences among the different rumen samples. First, it appears that
microbes comprising ARDRA profiles A and B are little affected by either time of sampling, or
ruminal pH. These ARDRA profiles were the most numerous in all 4 libraries, and likely represent
bacterial species that can adapt readily to fluctuations in ruminal pH and/or type of carbohydrate(s)
available for growth. A good candidate would be the ruminal Prevotellas which are both acid-tolerant,
and capable of growth with both starches and fiber. Despite these similarities, the dendogram analyses
indicates that these four rumen samples harbour a different array of microbial species. The low
diversity in HA cow, as compared to MA cow, might be explained by the fact that ruminal pH remains
low (~5.2) in the HA cow for a much longer period, because of the high intake of highly digestible
Persian clover throughout the day. Secondly at high intakes achieved under HA condition, the
continuity of intake and the high turnover rate of ruminal digesta result in altered rumen dynamics for
fluid and solid fractions (Williams, unpublished data). This in turn may select for a microbial
population dominated by relatively few genera, or species, of acid tolerant microbes. Elias et al.
(1996) found decreased ruminal pH significantly decreased the number of cellulolytic bacteria in dairy
cows supplemented with high levels of concentrate, and Suda et al. (1997) also reported that a
significant decline in ruminal pH in goats fed 90% concentrate plus 10% lucerne hay were also
accompanied by a significant decrease in the number of gram-negative cocci.
In conclusion, ARDRA can provide very useful data with regard to microbial diversity and change in
community structure in rumen. Additional work to increase the number of clones from each samples
and apply nucleotide sequence analysis to clones representing each of the predominant ARDRA
profiles is proceeding , to allow the correct assignation of the clones to specific bacterial groupings,
and to shed further insight into the species composition for each sample.
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LONG-TERM VARIATIONS IN GROWTH HORMONE LEVELS IN SHEEP EXPRESSING AN
INSERTED GENE FOR GROWTH HORMONE
J.R. BRIEGEL and N.R. ADAMS
CSIRO Livestock Industries, PO Bag 5, Wembley W.A. 6913, Australia

SUMMARY
Growth hormone (GH) affects important characteristics of animal production, including growth rate and
fatness, so sheep transgenic for ovine GH have been produced to test their viability under field
conditions. As the gene construct for ovine GH had a non-inducible metallothionein promoter, GH should
be expressed uniformly and previous studies in an animal house have shown that secretion is nonpulsatile over a 10-hour period. However, when GH was measured over two years, the transgenic sheep
were found to be subject to substantial changes (P< 0.001) in their plasma GH concentrations, with a
particular rise in August. In two of the transgenic ewes, the GH levels stayed elevated, resulting in
insulin-resistant diabetes and cachexia. We conclude that although the gene construct would be expected
to secrete GH at a constant rate, plasma concentrations of GH in transgenic sheep were subject to
significant long-term variations that may have had serious consequences for the animal.
Keywords: transgenic, sheep, growth hormone
INTRODUCTION
Interest in the development of sheep transgenic for an additional copy of the GH gene was stimulated by
the demands of the meat industry for leaner carcasses and increased growth rates. On the premise that if
the basal levels of GH are increased, lipolysis is stimulated and there is a reduction in the fat content of
the carcass, CSIRO at Prospect produced sheep (Ward and Brown 1998) with an ovine GH gene construct
(MTSGH10). As the promoter was found to be non-inducible, i.e. not responsive to zinc, it could be
expected that the transgenic sheep would express the GH gene uniformly, regardless of circumstances.
The experimental results reported here are from the fourth generation of the original animals described by
Ward and Brown (1998). The aim of this study was to determine whether GH transgenesis led to a
consistent increase in plasma concentration of GH under field conditions in WA.
MATERIALS AND METHODS
A total of 131 lambs were produced in 1999 from 50 Poll Dorset ewes, 50 Border Leicester ewes and 70
Merino ewes inseminated with transgenic semen. Thirty-four lambs were shown by Southern blot analysis
to carry the GH transgene. The lambs were born around June 30 (age 0 days) and were run at Yalanbee
Field Station, Bakers Hill, WA. They were weighed fortnightly and single blood samples collected from
60 sheep at the ages of 100, 164, 281, 410, 516 and 667 days. The body condition was scored as described
by Russel et al. (1969) on the same days as the blood samples were taken. All male lambs were castrated
at weaning however 6 (4 transgenic, 2 non-transgenic) were later found to have a retained testis and were
slaughtered at 10 months of age.
Commencing in January 2000 (age 198 days), an animal house experiment was conducted to examine the
secretion pattern of growth hormone in transgenic wethers. There were 2 groups of 12 (total =24) castrate
male lambs that either carried the transgene or did not. The groups were balanced to include equal
numbers of Merino and Poll Dorset animals. The sheep were returned to the field in April 2000 and fed a
lupin supplement of 150grams/head/day through to August. The sample for age 281 days is a combination
of animal house and field samples as statistical analysis showed no effect of environment on GH
concentration.
GH is a pulsatile hormone and circulating GH is normally measured at twenty-minute intervals over a 10hour period. On analysis of GH data from the first animal house study, we found that the transgenic sheep
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displayed non-pulsatile secretory patterns (Figure 1a) while the GH patterns in non-transgenic controls
were pulsatile as expected (Adams et al. 2002). On this evidence, we concluded that it would to be
possible to analyse the single blood samples taken from the transgenic sheep over the previous two years
to see if the concentration of GH remained stable throughout the life of the animal.
Plasma concentrations of GH were assayed using the method as described in Adams et al. (1996). Blood
glucose levels were measured using a Precision Blood Glucose Monitor and Precision Plus® blood
glucose electrodes (Medisense Inc, Bedford, MA, USA) and an Infinity TM Glucose Reagent Kit (Sigma
Diagnostics, St. Louis, MO, USA) on a COBAS Mira Clinical Analyser.
Results were analysed statistically using the ANOVA model of Systat (Wilkinson 1998) by analysis of
variance or repeated measure analysis for GH and condition score. The variances of the data in the
transgene and the control groups were not homogenous, so the data were converted to logarithms for
statistical analysis. The back-transformed means are presented.
During the study it was observed that the high GH levels (up to 120ng/ml) in two transgenic ewes tended
to skew the GH data and these ewes later developed chronic disease, marked by loss of condition and
depression. Consequentially, these ewes were removed from the analysis of the mean data presented, but
are presented separately because of their importance as models of the effects of excessive GH. They were
slaughtered at 24 months, their organs and fat deposits weighed and samples taken.
RESULTS
An examination of GH data collected at various times during the first two years of the sheep’s life either
in animal house trials or in the field has shown that the mean concentration of the hormone changed
markedly (Figure 1b). Overall, the transgenic sheep had higher concentrations of GH (P < 0.001), and
these changed more over time (P < 0.01). As shown in Figure 1b, the GH levels in the transgenic sheep
remained relatively constant between 100 and 281 days of age, although their levels were higher than the
non-transgenic sheep. However, at age 410 days (August 2000), GH levels in the transgenic sheep were
significantly increased over the previous sample (P<0.001). The mean GH concentration in the nontransgenic sheep was stable over the whole period.
Plasma concentrations of glucose tended to follow the available nutrition, with a substantial increase at
the age of 410 days, particularly in the transgenic group (Figure 2c). Mean body condition score also
reflected previous nutrition, declining particularly in the transgenic group over autumn and winter (age
164 to 410 days) and then increasing the following spring (Figure 2d).
Plasma concentrations of GH were excessively high in two transgenic ewes (>40 ng/ml) after the age of
410 days, and did not decrease at the subsequent samplings. Their levels stayed above 50 ng/ml for the
remainder of the trial. One ewe’s GH had begun increasing by the age of 164 days, but the other did not
increase until age 410 days. These ewes continually demonstrated gross characteristics of excessive GH,
acromegaly (overgrowth of hooves), excessive leanness and a lack of vigour. When the ewes were
brought into the animal house in April 2001, their blood glucose levels were found to be 15.5 mmol/L
compared with a mean value in the other transgenic sheep of 4.1mmol/L, and 3.7 mmol/L in controls.
Treatment twice daily with quick release insulin (Mixtard® 30/70; Novo Nordisk Pharmaceuticals, North
Rocks, NSW) and slow release insulin (Humulin®; Eli Lilly Aust., West Ryde, NSW) for three weeks
was unable to suppress their glucose levels below 14.0mmol/L, indicating that they were suffering from
insulin-resistant diabetes.
While the small number of sheep (2 transgenic and 2 controls) slaughtered at 24 months of age precludes
statistical analysis, the two transgenic ewes tended to have distinctly different organ weights. Their
omental fat was considerably reduced (a mean value of 202g compared to the control ewes 1450g), as was
their uterus weight (a mean value of 8 g compared to control ewes 29g).
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Figure 1. (a) GH secretion in transgenic sheep blood sampled every 20 minutes, indicating lack of pulses.
ο) and control (••) sheep from 100 days to 667 days; (b) Plasma
(b)-(d) Mean and s.e.m. bars for transgenic (ο
concentrations of GH, (c) Plasma concentration of glucose, (d) Condition score
Table 1. Slaughter data of transgenic and control sheep at 10 months and 24 months
Controls
Transgenic
SE
Number
2
4
Age of Sheep (months)
10
10
Carcass Weight (kg)
15.8
16.8
1.27
Perirenal Fat (g)
271.6 b
132.3a
10.6
Liver (g)
500 a
624 b
21.8
Pancreas (g)
38
42
4.2
Kidney (g)
91
110*
3.8
Pituitary (g)
0.53
0.55
.01
a, b
Values within a row differ significantly at 10 months of age.

Controls
2
24
19.6
387
533
37
93
.96

Transgenic
2
24
16
157
811
136
179
.70

DISCUSSION
Transgenic sheep should express GH uniformly throughout their lives because the promoter in the gene
construct does not respond to nutritional signals. However, Fig. 2 clearly demonstrates that this was not
the case. We have shown in an animal house study that the GH secretory patterns of transgenic sheep
were non-pulsatile over short periods, so this does not explain the sudden rise in GH concentration in
August. No such increase in GH was observed in the non-transgenic animals. The reason for the increase
is unclear. It is tempting to focus solely on the August (age 410 days) result in relation to the seasonal
increase in green feed, protein supply and liveweight gain expected on WA pastures at this time of the
year. This seasonality is reflected in the substantial increase in plasma glucose concentrations, even in
control sheep (Fig. 2b) indicating that GH was having a particular effect, since treatment with GH
increases plasma glucose (Ward and Brown, 1998). There was also a subsequent increase in condition
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score (Fig. 2c). However it may be that the autumn period between April and August is the key to these
results. It is more likely that the increase resulted from the previous restricted nutrient supply that had
caused the decline in condition score after the age of 164 days (Fig. 2c). Autumn in WA is a period of
low protein feed, undernutrition and weight loss. Adams et al. (1996) showed that plasma concentrations
of GH were elevated in sheep during under-nutrition as GH facilitates lipolysis and preserves body
protein during weight loss. In cases of high GH stimulation, lipolytic products are mobilised to act as an
energy source resulting in a reduction in the fat content of the carcass (Ward and Brown 1998). The lack
of fat reserves may make it difficult for the transgenic sheep to deal with a low feed supply.
An alternative explanation for the increased plasma concentration of GH at this time is a reduced rate of
clearance from plasma, possibly from increased activity of plasma GH binding proteins. Much circulating
GH is bound to specific binding proteins, (Gatford et al. 1996) the control of which is not fully
understood (Bondanelli et al. 2001). Low nutrition is also associated with reduced GH binding to liver
membranes and high GH concentrations can be associated with a decrease in GH receptor binding (Brier
1988). An increase in circulating GH binding proteins, accompanied by a prolonged half-life of GH, has
been observed in mice transgenic for additional copies of GH (Bartke et al. 1994).
Two transgenic ewes continued to demonstrate gross characteristics of excessive GH, acromegaly
(particularly overgrowth of hooves), excessive leanness and a lack of vigour after this period. The 2 ewes
could not control the rise in GH concentration in August 2000 (age 410 days) and their GH levels
remained elevated until their death. The increased size of the two transgenic ewes’ visceral organs that
was found on slaughter (Table 1) has been noted in other publications on GH transgenic animals
involving slaughter data (Nancarrow, 1991). Large differences in fat and organ weights explain the
leanness of the transgenic ewes’ carcass. The great increase in weight of the pancreas is most likely
associated with increased activity of this organ in secreting insulin to combat the diabetes.
We conclude that although the gene promoter appeared to be non-responsive, there were changes in
plasma GH concentrations that could seriously affected the health of the sheep, and the reasons for these
changes could not be simply determined.
ACKNOWLEDGEMENT
Antiserum and standards for the growth hormone radio-immunoassay were kindly provided by Dr AF
Parlow, NHPP, NIDDK, NICHHD, USDA.
REFERENCES
ADAMS, N.R., BRIEGEL, J.R. and WARD, K.A. (2002). J Anim. Sci. (in press).
ADAMS, N.R., BRIEGEL, J.R., RIGBY, R.D.C., SANDERS and HOSKINSON, R.M. (1996). Anim. Sci. 62, 27986.
BARTKE, A., CECIM, M., TANG, K., STEGER, R.W., CHANDRASHEKAR, V. and TURYN, D. (1994). Proc.
Soc. Exp. Biol. Med. 206, 345-59.
BASS, J.J, OLDHAM, J.M., HODGKINSON, S.C., FOWKE, P.J., SAUERWIN, H., MOLAN, P. BRIER, B.H. and
GLUCKMAN, P.D. (1991). J. Endocrin. 128, 181-86.
BONDANELLI, M., MARGUTTI, A., AMBROSIA, M.R., PLAINO, L., COBELLIS, L., PETRAGLIA, F.,
UBERTI, E.C.D. (2001). J. Clin. Endocrin. Metab. 86, 1973-80.
GATFORD, K.L, FLETCHER, T.P., CLARKE, I.J., OWENS, P.C., QUINN, K.J., WALTON, P.E., GRANT,
HOSKING, B.J., EGAN, A.R. and PONNAMPALAM, E.N. (1996). J. Anim Sc. 74,1314-25.
MCCANN, J.P., REIMERS, T.J. and BERGMAN, E.N. (1987) Endocrin. 121, 553-60.
NANCARROW, C.D. MARSHALL, J.T.A., CLARKSON, J.L. MURRAY, J.D., MILLARD, R.M.
RUSSEL, A. J.F., DONEY, J.M. and GUNN, R.J. (1969). J Anim Sci.Camb. 72, 451-54.
SHANAHAN, C.M., WYNN, P.C. and WARD, K.A. (1991). J.Reprod.Fert. Suppl. 42: 277-91.
WARD, K.A. and BROWN, B.W. (1998). Reprod.Fert. Devel. 10, 659-65.

WILKINSON, L. Systat for Windows: Statistics. SPSS Inc., Chicago, IL.
Email: Jan.Briegel@csiro.au
36.

Anim. Prod. Aust. 2002 Vol. 24: 37-40
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SUMMARY
Evaluation of costs for calf production in an extensive beef cattle enterprise facilitates management
decisions. In a case discussion based on a long-term cattle herd study, plus industry-based figures
from the Alice Springs district, the calculated ‘average bull-cost per calf branded’ (+/− standard error)
is $36.75 +/− $14.77. The discussion provides district beef cattle herd information and highlights
issues for collecting cattle herd data under extensive grazing conditions in Central Australia.
Keywords: bull-cost per calf, calves per bull lifetime, bull-cost, branding rate, bull rate, bull lifetime
INTRODUCTION
The cost of inputs for calf production in an extensive beef cattle enterprise is not often quantified, even
though evaluation of these inputs is vital for cost-effective management decisions. A lack of basic
biological data from beef cattle herds in the Alice Springs district (Holroyd and O'Rourke 1988) has
limited discussion about production costs on district properties. This paper presents a case discussion,
highlighting methodology for a bull-cost per calf (BCC) calculation and incorporating figures from a
herd study on an Alice Springs cattle property.
Definitions
Bull-cost per calf (BCC): Bertram (2000) has discussed multiple factors that influence BCC,
including sub-components of the BCC calculation: calves per bull lifetime (CBL) and bull-cost (BC).
A wide range of BCC is quoted—from $10 up to $100 per calf in tropical Australia (Fordyce et al.
1998). Reduction of BCC can be achieved in three ways: by selecting bulls with high fertility and
physical soundness, to maximise retention in the herd; by increasing the cow : bull mating load; or by
utilising yearling bulls, controlled use of which may extend the average bull breeding lifetime
(Bertram 1994; Kasari et al. 1996; Cumming 1999).
Calves per bull lifetime (CBL): CBL can be averaged by using branding rate (BRAND%) as an
approximation of the calving rate in extensively managed herds (Smith 1998), together with bull rate
(BULL%) and an approximated bull lifetime (BL). BRAND% has ranged between 45% to 90% in the
Alice Springs district, depending upon the landtype and season (Bertram et al. 1996b). The range of
optimal BULL% previously recommended in northern Australia was 3% to 5% bulls (Niethe 1997).
Recently the optimal range recommended has been 2.5% to 3% bulls (Holroyd et al. 2000), under
specific conditions of bull soundness, dispersion and monitoring (Chenoweth 1986; Fordyce et al.
1998; Braithwaite and de Witte 1999). BL is the period in a bull’s life when it is used for breeding.
The average BL in Australia may be as short as three years, but up to five years in northern Australia
(Queensland Beef Genetic Improvement Program 1992; Franklin 1998). Poor physical and reproductive soundness are two core reasons for a bull’s breeding life to terminate (McGowan et al. 1995).
Average CBL is a measure of bull herd efficiency and has historically, on account of low BRAND%
and high BULL%, been low under extensive grazing conditions with multiple-sire mating
(Queensland Beef Genetic Improvement Program 1992). Under these conditions, the average number
of calves produced per bull in a season is not representative of individual herd bulls since a low
percentage of bulls can sire a high percentage of the calves (Holroyd et al. 2000).
Bull-cost (BC): BC is the nett cost of bull acquisition, including expenses to purchase and retain a bull
(e.g. bull sale price, freight, feeding, insurance, interest, yarding, treatments) and salvage to reduce the
overall BC at the end of a bull’s breeding life (Economou 2000). The largest expense, the sale price
paid for a bull, is an issue considered for bull selection (Bertram 1994).
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METHODS
Study parameters
Location and cattle herd: The study area was centered 200 km northeast of Alice Springs (230S,
134.50E). Pastures in its major land systems (Perry 1962) enabled an estimated average stocking rate
of 2.6 Animal Equivalents per square kilometer (Bertram et al. 1996b). The Alice Springs district is
an arid region (Bertram et al. 1996a). Annual recorded rainfall ranged from 110 mm to 446 mm
during the study. The study was undertaken over five years (1991 to 1996) in a Poll Hereford breederherd. Herd management practices included year-round phosphorus and urea supplementation,
continuous mating, annual herd bull replacements, breeder cow culling on reproductive performance,
twice yearly musters to brand and wean calves, plus activity to enhance calf survival.
Number of breeder cows: Breeder cows (n = 2,014) were individually identified with numbered
eartags. Presence of each cow at muster was recorded over periods of 6 to 30 months. Muster
percentage was less than 100% so the number of cows mated was approximated, based on records of
individual cow presence at one or more of three musters within a 12-month period. Error values
(0.5% to 1%) accounted for the annual eartag loss prior to double tagging all cows.
Number of calves and branding rate (BRAND%): Cattle station management recorded the number
of freshly branded young stock (calves and weaners). For calculation purposes, the number of freshly
branded weaners was added to the number of calves freshly branded at the previous muster. Using the
adjusted annual sum of freshly branded young stock, together with the number of breeder cows mated
to produce these calves, BRAND% averaged (+/− standard error (s.e.)) 81% +/− 7%.
Number of bulls and bull rate (BULL%): Herd bulls (n = 118) were identified with combined
methods (numbered eartags, firebrands, freeze-brands, ear-tattoos) in order to maintain individual
identification if bulls lost their eartags. Presence at muster and details of culling or death were
recorded for each bull over periods of 6 to 30 months. Muster percentage was less than 100% so the
effective number of bulls was approximated, based on records of individual bull presence at one or
more of three musters within a 12-month period. Given the combined identification methods, the
effective number of bulls was not adjusted for potential eartag loss. Using approximated herd bull and
mated cow numbers, BULL% averaged (+/− s.e.) 5.0% +/− 0.1%.
Age of bulls and bull lifetime (BL): The age of herd bulls (range: 2- to 11-years old) was determined
by station records of purchase, firebrands, ear-tattoos plus number and wear on incisor teeth. The
average age of bulls introduced, culled or dead was calculated using records of bull age. BL for this
case discussion is refined as ‘average effective bull working lifetime’. It is calculated as the difference
between the average age (+/− s.e.) at which bulls effectively left the breeding herd through death or
culling (8.7 +/− 0.3-years old), and the approximated average age (+/− industry ‘best-bet’ standard
error (b.e.)) at which new bulls effectively entered the herd (2.5 +/− 0.3-years old). The approximated
age of entry takes into account annual purchase of 2- to 2.5-year old bulls from Poll Hereford studs,
plus acclimatisation to a new environment and herd social structure.
Case discussion calculation
For this case discussion, the following refined definitions are also used:
1. CBL is refined as ‘average number of calves branded per effective bull working lifetime’.
Average number of calves branded per effective bull working lifetime
≅
BRAND% x BL
 BULL% 
2. BC is refined as ‘average nett bull acquisition-less-salvage cost’.
Average nett bull acquisition-less-salvage cost
≅
[Average nett bull purchase expense] + [Average nett bull retention expense]
− [Average nett bull salvage value]
Expenses of individual bull purchase (+/− b.e.) ($2,850 +/− $250) and annual retention (+/− s.e.) ($234
+/− $41) are based on 2001 figures from an Alice Springs livestock agency, district surveys (ABARE
1997-2000) and Commonwealth bond rates. The error values allow principally for volatility in market
prices. A nett bull salvage value (+/− s.e.) ($625 +/− $50) is based on Alice Springs 2001 records of
heavyweight-bull liveweight sales, plus a cattle transport company quote for freight.
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3. BCC is refined as the ‘average bull-cost per calf branded’.
‘Average bull-cost per calf branded’
≅
[Average nett bull acquisition-less-salvage cost]
.
[Average number of calves branded per effective bull working lifetime]
RESULTS
Table 1. Herd parameters, industry-based figures and the case discussion calculation
Parameter and figures

Source

Annual branding rate
Annual bull rate
Annual number of calves branded per bull

5-year study
5-year study
based on above

Age of bulls culled or found dead
Age of bulls entering herd
Effective bull working lifetime

5-year study
5-year study
based on above

Number of calves branded
per effective bull working lifetime
Nett bull purchase expenses
Nett bull retention expenses
per effective bull working lifetime
Nett bull salvage value
Nett bull acquisition-less-salvage cost

based on above
industry figures
survey & finance
figures
industry figures
based on above

‘Average bull-cost per calf branded’

based on above

Average

Unit

80.8 +/− 7.0
5.0 +/− 0.1
16.1 +/− 1.8 *
8.7 +/− 0.3
2.5 +/− 0.3
6.2 +/− 0.6 *
100.0 +/− 24.4 *

percent
percent
calves

2,850 +/− 250

dollars

1,450 +/− 400
625 +/− 50
3,675 +/− 700 *

dollars
dollars
dollars

36.75 +/− 14.77 *

dollars

years old
years old
years
calves

* propagated errors as per Simanek (1996)

Table 1 shows calculation of the
‘average bull-cost per calf branded’,
using 5-year study averages,
industry-based figures and indeterminant error values (i.e. standard
errors, industry ‘best-bet’ standard
errors, propagated errors).
Figure 1 models the effect of BC and
CBL on BCC, with reference to a
benchmark
range
of
figures
(Queensland
Beef
Genetic
Improvement Program 1992) and the
calculated ‘average bull-cost per calf
branded’ ($36.75 +/− $14.77).
Figure 1. Model of bull-cost per calf (BCC)

DISCUSSION
The calculated ‘average bull-cost per calf branded’ lies within a benchmark range of given BCC
figures. The calculation has a large relative error (40%), reflecting variability in BRAND%, BL and
market prices. This case discussion provides beef cattle herd information in the Alice Springs district
and highlights a number of interrelated issues: for calculating and assessing a BCC figure; for
maintaining the representative nature of a calculated figure; and for collecting cattle herd data under
extensive grazing conditions in Central Australia.
Assessing a bull-cost per calf (BCC) figure: On a herd basis, a BCC figure is assessed on whether
the cost is acceptable, and on where unacceptable cost can be reduced. Reduction in BCC can be
achieved by decreasing the BC or BULL%; or by increasing the BL or BRAND%. In Central
Australia, options to decrease BCC may include: increased culling and salvage of aged herd bulls;
improved selection and acclimatisation of introduced bulls; or improved breeder cow productivity
through reduced cow deaths, optimised seasonal stocking rates or cost-effective mineral
supplementation. As shown in Figure 1, if more calves are produced per bull lifetime, this will reduce
the BCC.
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Representative nature of a calculated figure: To be representative, a calculated figure needs to be
based on unbiased data with low variability (Thrusfield 1995). To limit data bias and manage data
variability that is typical for extensive grazing conditions, the following techniques were used for this
case discussion: objective herd data collection in a longitudinal study; data collection and calculation
using recognised, repeatable methods such as averaging; and stated use of assumptions to manage
challenges in cattle data collection and calculation. Challenges for this case discussion included
muster percentages less than 100%, eartag losses, herd bull losses and definition of the bull lifetime.
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SUMMARY
The aim of this experiment was to determine whether the magnitude of seasonal nutrient restrictions
experienced by pregnant ewes in typical Australian Mediterranean farming conditions is sufficient to
induce changes in glucose or insulin metabolism in the offspring at the age of eight months. Pregnant
Merino ewes were fed to either maintain a body condition score of 3 throughout pregnancy or decrease
condition score from 3 to 2 by the fourth month of pregnancy. Animals were then grazed at stocking
rates calculated to provide either 2500 or 900 kg DM/ha until weaning, and grazed as one flock
thereafter. Birth weight was not affected by pre-natal treatment, but liveweight at eight months of age
was increased by the high post-natal plane of nutrition. There were no differences between post-natal
treatments for any of the other variable studied. There were no effects of pre-natal treatment on the
insulin or glucose response to a glucose challenge. Lambs born to ewes fed to lose condition score
during pregnancy had lower basal glucose concentrations after the first day of insulin challenges and
as a result showed a smaller glucose response to insulin administration at levels of 200, 300 and 500
mU/kg W. It was concluded that a level of nutrition comparable with that experienced by
unsupplemented pregnant ewes on many typical Australian farms in the Mediterranean climate zone
was sufficient to result in altered glucose metabolism in the offspring at the age of eight months.
Keywords: sheep, glucose, insulin, fetus, pregnancy, nutrition
INTRODUCTION
Since the initial epidemiological study of Barker & Osmond in 1986 which established a link between
birth mass and coronary heart disease in humans, it has been established that nutrient restriction during
fetal development can alter gene expression in the fetus and that these effects may persist for life
(Gallaher et al.1995; Greenwood et al. 1999; Cherif et al. 2001). This phenomenon has been termed
fetal programming and describes the process whereby a stimulus or insult at a critical period of
development has long-term or lifelong effects (Barker 1999). Protein restriction during pregnancy in
humans and rats results in changes to insulin sensitivity that can predispose the individual to diabetes
as an adult (Ozanne and Holness 1999). Since cattle and sheep are usually pregnant during the period
of lowest nutrient availability in some Australian farming systems, it is possible that fetal
programming of the insulin axis also takes place in these species. Insulin sensitivity is of substantial
practical and economic significance. Insulin regulates the use of fat reserves and muscle protein
deposition during periods of low nutrient supply and directs nutrient partitioning during pregnancy and
lactation. Oliver et al. (2001) have shown that maternal nutritional restriction of sheep during the
periconceptual period changes the insulin response to glucose in late gestation fetal lambs. However,
it is not known whether the magnitude of seasonal nutrient restriction under practical farming
conditions is sufficient to induce fetal programming in the ovine, nor whether these effects persist after
birth. This experiment was carried out under field conditions typical of those experienced by farmers
in the Mediterranean environment of Australia. The aim of the experiment was to determine whether a
decrease in the maternal plane of nutrition sufficient to induce a decrease in condition score from 3 to
2 by the end of pregnancy would change glucose or insulin metabolism in the offspring at the age of
eight months.
MATERIAL AND METHODS
Pregnant Merino ewes were allocated to treatments designed to either maintain a body condition score
of 3 throughout pregnancy or decrease condition score from 3 to 2 by the fourth month of pregnancy
(high and low pre-natal treatments). They were randomly allocated to one of two different levels of
nutrition from one month before lambing until weaning, viz. stocking rates calculated to provide either
2500 or 900 kg DM/ha (high and low post-natal treatments). All progeny were run together as one
flock after weaning. A total of 24 lambs born as singletons were selected for this experiment, i.e. six
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animals for each of the four combinations of pre and postnatal treatments. The lambs used in this
experiment were selected from larger groups (n = 8-14) and represented those individuals that had the
smallest deviation from the respective group means for body mass at 8 months of age. Insulin
sensitivity was measured when the animals were 8 months of age and glucose tolerance was measured
when they were 11 months old. Jugular catheters (Portex Ltd, Hythe, UK) were inserted on the day
prior to the experiments, and patency mantained using heparin (25 IU/ml sterile saline solution). Body
mass on the day prior to the experiments was used to calculate dosages for the insulin and glucose
challenges. Insulin (Caninsulin; Intervet Pty Ltd, Australia) was administered as follows: 50 mU/kg
bodymass (W) on the morning of day 1; 100 mU/kgW on the afternoon of day 1; 200 mU/kgW on the
morning of day 2; 300 mU/kgW on the afternoon of day 2; 500 mU/kgW on the morning of day 3.
Blood samples were collected into heparinised tubes immediately before insulin administration and at
the following times thereafter (min): 20, 30, 40, 50, 60, 90, 120. Glucose was administered as a 50%
(w/v) solution at a rate of 0.3 g/kgW. Blood samples were taken before and at 10, 20, 30, 40, 50, 60,
90, 120 and 180 min after the glucose injection. Blood samples were collected into tubes containing
anti-coagulant (Na-fluoride + Na-oxalate for glucose analysis; Li-heparin for insulin analysis tubes).
Tubes were stored in ice until centrifuged, after which plasma was aspirated and stored at –20 oC.
Glucose concentrations were analyzed using an end-point enzymatic method with NADH detection
(Infinity glucose reagent; Sigma Diagnostics, USA) and an automated analyzer (Cobas Mira, Roche
Diagnostics, Switzerland). Quality control samples were included with each batch of analyses, and
appropriate corrections applied in cases where the measured concentration differed from the actual
concentration. Plasma concentrations of insulin were measured using the assay described by Adams et
al. (1996). The intra-assay coefficients of variation for four pools with mean concentrations of 0.138,
0.638, 01.56 and 3.72 ng/ml were 2.0, 2.1, 2.0 and 1.5% respectively, and the corresponding interassay coefficients of variation were 9.0, 6.5, 2.0 and 5.0% respectively. The minimum detectable
concentration was 0.12 ng/ml. Data were analysed statistically by repeated measures ANOVA, using
the program Systat (Wilkinson 1998).
RESULTS
Pre-natal treatment had no effect (P>0.05) on birth mass (5.7 kg, s.e. 0.213). At 8 months of age, the
mean body weight of animals subject to the 2 500 kg DM /ha post-natal treatment (35.3 kg, s.e. 0.538)
was 14% higher (P<0.01) than that of animals subject to the 900 kg DM /ha treatment (31.0 kg, s.e.
0.538). Liveweight at 8 months of age was not affected by pre-natal treatment (P>0.05). Post-natal
treatment had no effect on basal plasma glucose concentrations, glucose response to insulin injection
or insulin response to glucose challenge (P>0.05). Pre-natal treatment did not affect the insulin
response to glucose (P>0.05), but affected glucose response to the insulin challenge. A smaller
response was observed in lambs born to ewes with a condition score of 2 during month four of
pregnancy than in those born to ewes with a condition score of 3 (Figure 1) at insulin doses of 200
mU/kgW (P=0.08), 300 mU/kgW (P=0.05), 500 mU/kgW (P=0.08).

Decrease in glucose concentration (mM)

Figure 1. Effect of pre-natal maternal condition score and insulin dose on the maximum extent of insulininduced depression of plasma glucose concentration in Merino lambs at eight months of age (basal
concentration minus concentration at the point of maximum depression). Standard errors of means are
indicated by error bars and significance of contrasts is shown above each pair of means.
6
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4
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The absolute concentration to which glucose concentrations were decreased did not differ between
pre-natal treatments (P>0.05), but basal (pre-injection) glucose concentrations differed (Table 1) at
times when differences in the extent of depression of glucose concentrations were observed i.e. at dose
rates of 200, 300 and 500 mU/kgW.
Table 1. Effect of pre-natal maternal condition score on basal plasma glucose concentrations before
insulin administration in Merino lambs at eight months of age

High
Low
s.e.
P=

50
3.67
3.82
0.156
ns

100
4.37
4.36
0.112
ns

Insulin dose (mU/kgW)
200
300
500
4.21
4.33
6.18
3.88
4.09
5.43
0.1
0.089 0.267
0.03
0.07
0.06

There were no effects of either pre-natal or post-natal treatment on the insulin or glucose response to
the glucose challenge (P>0.05).
DISCUSSION
Glucose response to insulin administration in eight-month old lambs was decreased by prenatal
nutrient restriction. The effects on the extent to which glucose concentrations were depressed by
exogenously administered insulin were due to lower basal (pre-injection) plasma glucose
concentrations. While this is consistent with reports indicating the maternal undernutrition during
various stages of pregnancy increases the insulin content of pancreatic cells and their secretory
response to glucose in sheep (Oliver et al. 2001), we were unable to detect differences in basal insulin
concentrations or insulin response to glucose challenge. The differences in basal glucose
concentrations only became evident on day two of the first experiment after two insulin challenge tests
had been conducted, and persisted thereafter, becoming progressively larger. This is unusual, as others
have successfully applied an identical multiple-dose insulin challenge protocol in lambs (Bellver et al.
1995), and suggests that gluconeogenic ability was impaired in the animals subject to in utero nutrient
restriction. Inhibition of hepatic gluconeogenic ability has been shown to occur in rats, in which in
utero protein restriction resulted in a reduced response to glucagon (Ozanne et al. 1996).
While the reason for the differences in glucose concentration remain unclear, the most important
finding of this research is that a level of nutrition comparable with that experienced by
unsupplemented pregnant ewes on many typical farms in Australia's Mediterranean climatic zone was
sufficient to result in altered glucose metabolism in the offspring at the age of eight months. These
data also support the contention that maternal nutrition during pregnancy can alter physiological
function in the offspring in the absence of an effect on birth mass. This calls for a re-evaluation of
traditional methods of assessing nutritional requirements of the pregnant ruminant.
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DEGRADATION OF DUCKWEED PROTEIN IN THE RUMEN OF SHEEP
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SUMMARY
Degradation of plant N in the rumen results in the formation of ammonia-N and NAN. Rumen bacteria
utilise these breakdown products to synthesise their cell proteins. This study was carried out to investigate
the in vivo degradation of 15N-labelled duckweed in the rumen and the utilisation of the degradation
products by rumen bacteria. We found that duckweed protein was relatively resistant to rumen
degradation, and therefore concluded that duckweed provides a potentially useful source of ‘escape’
protein for sheep. The results also indicated that plant N breakdown products more complex than
ammonia-N were extensively assimilated by rumen bacteria. An appreciable intra-ruminal N recycling
(48% of N intake) occurred in the sheep in this study.
Keywords: rumen ammonia, duckweed, 15N, escape protein, sheep
INTRODUCTION
Ruminant animals obtain the majority of their requirement for amino acids by intestinal digestion of
microbial protein synthesised in the rumen; the remainder comes from dietary proteins that pass through
the rumen without being degraded by the action of plant or microbial enzymes (i.e. the so-called ‘escape’
or ‘bypass’ proteins). Rumen microorganisms can synthesise their proteins using materials such as
peptides, amino acids or ammonia. Moreover, the ruminant host can survive and produce on diets that
contain no true protein, provided their rumen microbes have access to non-protein nitrogen compounds
such as urea or ammonia (Virtanen 1966).
Bryant and Robinson (1962) grew in vitro 89 species of bacteria that had been freshly isolated from the
bovine rumen on defined media and found that 81% of these grew with ammonia as their main source of
nitrogen: 25% would not grow without ammonia present, and 56% grew in the presence of either
ammonia or amino acids from a casein hydrolysate. By labelling the rumen ammonia pool with 15N in
sheep given lucerne chaff and isolating and analysing rumen bacteria (Nolan and Leng 1972) found that
about 54% of the bacterial nitrogen was derived from ammonia and concluded, by inference, that the
remaining nitrogen came from non-ammonia nitrogen (NAN) compounds, e.g. preformed peptides or
amino acids. There are few in-vivo studies in which the extent of rumen degradation of labelled plant
protein has been directly investigated. However, one study by Chapman and Norton (1984) used 15N labelled Pangola grass and Siratro (harvested after 5 weeks’ regrowth) showed that the plant protein
degradability in the rumen was 95-99%.
In the present study, we administered dried 15N-labelled duckweed (chosen as a convenient source of plant
protein that is easy to label with 15N) into the rumen of sheep to obtain a direct indication of the extent of
forage protein breakdown to ammonia in the rumen. We also determined the extent of assimilation of the
duckweed protein degradation products into microbial protein.
MATERIALS AND METHODS
Animals and diets
Duckweed (Spirodella punctata) was labelled with 15N by growing it on a synthetic medium (pH 7)
containing (mg/l) 24 N as (15NH4)2SO4 (4.66 % atom 15N excess; Amersham International), 61.5
MgSO4.7H2O, 85.3 CaCl2.2H2O, 17.6 KH2PO4, 47.3 KCl, 8.3 micronutrient mixture and 9.9 FeEDTA.
About two-third of the duckweed present was harvested every week. The harvested duckweed was washed
4-5 times with tap water, then dried (80°C, 24 h) and stored.
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Two Merino x Border Leicester crossbreds (live weight 33.3 ± 0.09 kg, mean ± SEM) were fitted with
rumen cannulas about four weeks before use. The animals were kept in individual metabolism crates in a
continuously lit room and given a daily ration of 400 g oaten chaff and 400 g lucerne chaff (N = 1.31 and
3.16 % air dry, respectively). The feed was provided in approximately equal portions at hourly intervals
by means of an automatic belt feeder. The sheep had a continuous access to drinking water.
Experimental procedure
Sixty ml of a solution containing 42.3 mmol (15NH4)2SO4 (4.737 mol 15N /100 mol N) was injected over
about 0.5 min through the cannula into the rumen of Sheep 1 and directed to different sites in the rumen.
Similarly, finely ground 15N-labelled duckweed (N = 2.861 % air dry; 3.08 mol 15N /100 mol N) was
dosed into the rumen of Sheep 2. The duckweed (30g) was first made slurry with 200 ml of tap water in a
beaker. The slurry was gently swirled and delivered slowly through the rumen cannula via a funnel and
plastic tube. The tube was directed to different locations in the rumen to dissipate the labelled duckweed
and assist it to mix more rapidly through the rumen contents. The beaker and tube were washed with a
minimum amount of water while the tube withdrawn carefully from the rumen contents.
Strained rumen fluid samples (25 ml) were taken from both sheep 0.3, 0.6, 1.1, 1.8, 2.8, 4.4, 6.1, 8.3, 12.4,
22.8 and 32.1 h after 15N-labelled materials were injected. These samples were transferred into centrifuge
tubes placed in ice.
Sample preparation
The rumen fluid samples were immediately centrifuged (20,000 x g, 15 min, 4°C) to obtain a supernate
which was acidified with 0.25 ml 18M H2SO4 and stored at -18°C until analysed. Bacteria were isolated
from the residue by twice resuspending the residue in 20ml physiological saline (9 g NaCl/l), recentrifuging and removing the top (bacteria-rich) layers of residue. The final bacterial isolate was
suspended in about 3 ml saline solution and stored at -18°C.
Sample analysis
Ammonia-N (NH3-N) was removed from the rumen fluid supernate (3 ml) by steam distillation after the
rumen fluid was made alkaline with saturated Na-tetraborate (4 ml). The NH3-N was collected into 3 ml
0.025 M H2SO4 and titrated to pH 5 with 0.025 M NaOH. It was then re-acidified to pH 3 and dried in an
analytical oven at 95°C. The non-ammonia-N (NAN) left in the rumen fluid was subjected to microkjehdahl digestion using concentrated H2SO4 (3.5 ml) and a low Se catalyst tablet. The bacterial isolate
(0.5 ml) was similarly digested and the digests were distilled after being made alkaline with 40 % NaOH
and then dried as for NH3-N. Ethanol was distilled between all samples to avoid 15N cross-contamination.
To prepare samples for 15N analysis, the dried (15NH4)2SO4 was re-dissolved with double distilled H2O and
a solution containing 80-100 µg N was transferred into an 8x5 mm tin capsule (Elemental Microanalysis
Ltd.). The solution was then re-dried in a vacuum desiccator and the capsule was closed and folded. The
15
N enrichment was analysed using a mass spectrometer (Tracermass; Europa Scientific) linked to an N
analyser (Carlo Erber).
Calculations
All enrichment v. time curves were normalised to represent 2 mmol 15N administered into the rumen. The
resulting data for ammonia and NAN in rumen fluid supernate as well as bacterial N were fitted by curves
with two exponential functions using GraphPad Prism version 3.02 for Windows (Motulsky 1999).
Rumen fluid ammonia compartment size, rates of total flux and irreversible loss of ammonia and the
fraction of bacterial N derived from rumen ammonia were calculated (Nolan and Leng 1972). The
fraction of 15N in the duckweed administered to Sheep 2 that subsequently entered the ammonia
compartment in this sheep was used as an index of ruminally degradable protein in duckweed. The
fraction was taken to be the product of the area under the bacterial curve and the rate of irreversible loss of
ammonia (which was assumed to be the same as that determined Sheep 1).
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RESULTS
The dried duckweed contained 2.86% N (w/w) of which 8% was present as ammonia. The enrichment v.
time results in the period after 15N administration and the fitted two-exponential curves are given in Figure
1.
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Figure 1. Enrichments in rumen fluid ammonia (!
!), rumen fluid non-ammonia nitrogen ( ) and bacterial
nitrogen ( ) over time after intraruminal administration of 2 mmol 15N as 15N-labelled ammonia (Sheep 1,
left) or 15N-labelled dried duckweed (Sheep 2, right). The lines represent fitted curves with two exponential
functions

For Sheep 1, the ammonia concentration in rumen fluid was 161 mg N/l. The estimated rumen ammonia
compartment size was 663 mg N and thus the volume of fluid in which this ammonia was distributed in
this animal was 4.12 l. The total ammonia flux was 12.9 g N/d and the irreversible loss rate was 8.17 g
N/d. About 4.8 g ammonia-N left the ammonia compartment and returned to it each day, i.e. recycled. The
ratio of the area under the bacterial N curve to that under the rumen fluid ammonia curve for Sheep 1 was
0.70 indicating that 70% of bacterial N was derived directly from ammonia, and the remaining 30% was
therefore derived from NAN. The corresponding ratio for Sheep 2 was considerably higher (0.92).
Sheep 2 had a lower rumen ammonia concentration than Sheep 1, i.e. 100 v. 161 mg N/l and after
receiving the same dose of 15N in duckweed as Sheep 1 (2 mmol), its ammonia compartment became
labelled with 15N, but to a far lower extent than occurred in Sheep 1 (see Fig. 1). However, the
enrichments of rumen NAN and bacterial N relative to the ammonia enrichment were considerably higher
than for Sheep 1. About 50% of the 15N administered as duckweed to Sheep 2 subsequently entered the
rumen ammonia compartment.
DISCUSSION
This study demonstrated the potential use of labelled duckweed in elucidating the kinetics of plant N
metabolism in the rumen. The duckweed could easily be grown in a medium containing 15N, and an
appreciable amount of 15N-labelled duckweed could be produced for use in in vivo studies.
The results for Sheep 1 lead to conclusions that are similar to those obtained previously e.g. Nolan (1975).
Ammonia flux through the rumen fluid compartment was presumably derived from degradation of
nitrogenous feed materials and microbial residues and from endogenous urea transfer via the saliva and
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across the rumen wall (Nolan 1975). This flux (12.9 g N/d) was greater than the amount of N ingested in
the feed (10 g N/d), and considerably greater than that likely to be released from the feed by microbial
digestion in the rumen. Thus it seems clear that appreciable amounts of ammonia were derived from
recycling processes some of which would have been urea transferred from the blood, but degradation of
microbial protein from lysed cells within the rumen was probably also an important source of ammonia
(Nolan and Leng 1972). Also, because more than 50% of the bacterial N was derived directly from
ammonia, it can be deduced that the remaining bacterial N was derived by direct assimilation of NAN
materials.
The results from 15N-duckweed administration to Sheep 2 provide direct support for this deduction. It is
clear that some bacterial N was again likely to have been derived from ammonia, but in this case the
amounts appearing in ammonia were greater than that expected on the basis of the results from Sheep 1
(see Figure 1), even after allowing for the small input of ammonia which was 8% of the total N in the
dried duckweed. The relatively high degree of 15N labelling of bacterial N in Sheep 2 provides a direct
indication that some of the rumen bacterial-N in Sheep 2 must have been derived from duckweed N that
did not first pass through the rumen ammonia compartment. The areas under the respective enrichment vs.
time curves in rumen fluid NAN and in bacterial-N for Sheep 1 and Sheep 2 support this conclusion. It is
likely that this was due to the assimilation by bacteria of peptides and amino acids (Wallace 1996).
By assuming that the irreversible loss of ammonia from rumen fluid of Sheep 2 was similar to that
determined for Sheep 1, we were able to calculate the fraction of the 15N administered in duckweed that
passed through the ammonia compartment of Sheep 2. The resulting value has been used to indicate the
fractional degradation of plant protein in the rumen (Chapman and Norton 1984). In our experiment, the
value was 50%, indicating that about half of the duckweed protein was degraded in the rumen and escaped
rumen rumen fermentation. This supports our previous study (Damry et al. 2001) in which we concluded
that duckweed could be used as a source of rumen ‘escape’ protein for ruminants.
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MAXI HOPPER PAN IMPROVES FEED EFFICIENCY AFTER WEANING
M. DEVANT
Animal Science Research Department, Rotecna S.A., 25310 Agramunt, Spain

SUMMARY
The Maxi Hopper Pan is a feeder designed to support other feeders during the first 14 days after
weaning, although some farmers use it as a stand alone feeder until 18 kg body weight. It has 10
feeding spaces specially designed for an easy access for the recently weaned piglet. Piglets eat in
groups as they were used to during the suckling period. Two weaners feeders, TR5 (5 feeding spaces,
dry feeding) and GF (one feeding space, wet/dry feeding), were tested alone or with a support feeder
(Maxi Hopper Pan) during the first 14 days postweaning. Apparent feed intake was greater without the
Maxi Hopper Pan when animals had a GF. As a result adding the support feeder to the GF feeder feed
efficiency improved and no differences in average daily gain were detected. The greater apparent feed
intake observed without the support feeder may be because of increased feed wastage caused by the
difficulties in obtaining feed. The addition of the support feeder is crucial in animals fed with a GF
feeder, because during the first days postweaning only heavier animals are able to obtain food. With
the Maxi Hopper Pan animals have more opportunities to eat even the lighter ones. Feed intake
increased and feed efficiency improved when the support feeder was added to the TR5 feeder. Maxi
Hopper Pan improves results because it increases the number of feeding spaces and piglets have an
easy access to feed.
Keywords: piglet, weaning, feed intake, feeder
INTRODUCTION
The weaner pig often under-performs and its performance is well below its genetic potential because it
is unable to eat sufficient feed. The reasons are both nutritional and behavioural (Brooks et al., 2000).
Following weaning, the piglet has to learn to distinguish between the physiological drives of hunger
and thirst and how to satisfy them with solid food and water. These disruptions in intake affect the
structure and function of the digestive tract. The discontinuous intake after weaning is generally
associated with decreases in villous height and increases in crypt depth, which may contribute to a
decrease in digestive and absorptive capacity of the gut and precipitate to post-weaning diarrhoea
(Pluske et al. 1997).
The objectives of this study were to test if the addition of a support feeder during the 14 days post
weaning stimulates feed intake and improves the production results.
MATERIAL AND METHODS
Experimental animals, design and treatments
A trial was conducted on a commercial ISOWEAN farm. Three hundred weaned piglets of 21 days of
age with an average body weight of 5.8 ± 0.09 kg were allocated in groups of 25 animals in partially
slatted pens of 2.75m x 2m. Two weaner feeders (Grow Feeder, GF, and TR5) were tested alone or in
combination with a Maxi Hopper Pan (MHP) as a support feeder (GF, TR5 vs GF + MHP and TR5 +
MHP, respectively, Figure 1). In the Grow Feeder (GF) feed is presented in a dry/wet form and has
one feeding space, animals needing to operate a mechanism to obtain the feed. Each pen of 25 animals
had two GF. In the TR5 feeder feed is presented in a dry form and has 5 feeding spaces. Each pen (25
animals) had one TR5. The support feeder Maxi Hopper Pan (MHP, dry, 10 feeding spaces) was
placed in the centre of the pen. In all treatments piglets had access to a MIDI drinker (Rotecna), and in
treatments where food form was dry (TR5), they had an additional MIDI drinker to avoid differences
in water availabity with dry/wet treatments (GF). Pens were designed with PVC panels (60 cm height)
and the floor was partially slatted and partially concrete with under floor heating. The buildings were
mechanically ventilated. Animals had ad libitum access to concentrate 1 (crude protein, 21.5%; ether
extract, 7.7%; crude fibre, 1.8%; crude ash, 6.2%, lysine, 1.7%; methionine, 0.6%, 1.8 mm diameter)
from the first to the 14th day.
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Procedures
Measurements. The apparent voluntary food intake was estimated. Animals were weighed at the
beginning and at the 14th day. In case that an animal has been eliminated (death or sick) its weight was
recorded. To avoid confusion in data interpretation no new animals were introduced or changed in a
pen. Animals were also filmed at 8:00 pm at the beginning of the trial and at the 14th day to study their
behaviour. With the filming it was possible to evaluate the effect of feeder design on animals access to
feed, fighting at the feeder, if animals step in the pan, etc. This filming was not made to establish
numbers of visits to the feeder or time spent eating, because for this purpose filming during 24 hours
over several days would be necessary.

Figure 1. Maxi Hopper Pan, TR5, Grow Feeder, respectively

Statistical analysis
Data from the first 14 days were analysed as a random incomplete design with the procedure PROC
MIXED with the SAS system (1996). The model included treatment (Feeder ± support feeder), sex
effect and their interactions as fixed effects and period as random effect. Initial body weight was
evaluated as a covariate.
RESULTS
The effects of feeder type on body weight and on average daily gain (ADG) in these first two weeks
are summarised in Table 1.
Table 1. Body weight and liveweight gain corresponding to the first 14 days after weaning
GF

GF + MHP

TR5

TR5 + MHP

SE

Body weight at the 14th day, kg

8.39

8.67

8.20

8.95

0.237

Average daily gain, g/d

184

196

175

218

14.7

GF: Grow Feeder; MHP: Maxi Hopper Pan; SE: standard error

No statistical differences in BW and ADG were detected (P>0.05) at the 14th day after weaning.
Animals with GF had a greater apparent feed intake (P<0.01, Figure 2). Apparent feed intake was
lower when TR5 had no support feeder (MHP).
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300

Food intake (g/d)

P < 0.01
250

200

TR5+MHP

TR5

GF + MHP

GF

150

Figure 2. Average apparent food intake during the first 14 days after weaning

1.6
P < 0.01
1.4

1.32
1.13

1.13

1.2

1.02

Feed conversion efficiency (kg/kg)

In treatments where the support feeder MHP was added, feed efficiency was improved (P<0.01, Figure
3).

TR5+MHP

TR5

GF+MHP

GF

1.0

Figure 3. Effect of the support feeder on feed efficiency during the first 14 days after weaning

DISCUSSION
The Maxi Hopper Pan improves production results because it increases the number of feeding spaces
and consequent piglets’ access to feed is easier (Figure 4). In the video recordings it can be seen that
piglets recognize food very easily. In the case of GF, a single-space feeder, the addition of a support
feeder is more important. Obtaining feed from the GF involves a operation that only the heavier
animals of the group are able to perform. When GF is the only feeder, only the heavier animals are
able to obtain food during the first few days, leading to heterogeneity in the group and increased
competition at the feeder. In addition, when the GF stands alone, animals step in the pan to gain access
to feed thereby increasing feed wastage and apparent feed intake.
Other authors (Piñeiro et al. 2000) did not observe improvements in FE when adding a support feeder.
These authors only added the support feeder for a period of 7 days and with only 12 animals in a
group. In our study the support feeder was added for 14 days and groups consisted of 25 animals.
These two factors are important, because one of the benefits of adding a support feeder is that it
increases the number of feeding spaces, a fact closely related to the number of animals in a group.
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Figure 4. Maxi Hopper Pan increases available feeding spaces
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SUMMARY
The grazing value of two Australian cultivars of winter wheat was evaluated in two preliminary trials.
In the first, March-sown crops of Blackbutt oats, Tennant and Gordon winter wheats and a mixture of
Tennant and the extreme spring wheat Sunset (2:1) were grazed in July by young crossbred sheep
(39.5 kg). Crop growth rates differed initially, so that herbage on offer at the start of grazing was
significantly higher (P<0.05) for the oats. Crops were therefore grazed at equal initial herbage
allowances of 40 kg DM/animal, to assess their capacity to support liveweight gain (LWG). Lambs
grazing the winter wheats grew significantly faster (320-369 g/day; P<0.05) than those grazing the
oats (282 g/day) or the Tennant:Sunset mix (252 g/day). Winter wheat grain yields were also
significantly higher (4.45-4.30 t/ha: P<0.05) than either the oats (3.29 t/ha) or the mixture (3.72 t/ha),
which did not differ. Compared with adjacent ungrazed areas, grain yields were not affected by
grazing. In the second trial, Tennant winter wheat was grazed for 56 days by second-cross lambs (34.2
kg), at an initial herbage allowance of 57 kg DM/animal. Weight gains were less than in the first trial,
averaging 274 g/day in the first half of the grazing period and 199 g/day in the second half. This
occurred despite the forage having very high digestibility (>80%) and crude protein content (>21%)
throughout. The mean herbage intake estimated in 10 lambs was 1071 g DM/day. At slaughter, mean
fat depth at the GR site was 14.4 mm, indicating that lambs were still lean. The results of the two
trials indicate that winter wheat forage can support rapid LWG and finish lambs to market
specifications. However, they also indicate the need for closer examination of the factors influencing
weight gain during such grazing, in relation to the nutritive value of the crop and herbage intake.
Keywords: winter wheat, dual-purpose wheats, sheep, grazing value, grain yield
INTRODUCTION
Until recently, Australian wheats have been spring wheats which, because of their rapid stem
elongation during winter/spring, can be difficult to use for winter grazing without reducing their
ultimate grain yield. The release of winter wheat varieties suitable for the High Rainfall Zone (HRZ)
(e.g., cultivars Tennant, Gordon, Brennan) has resulted in increased plantings of winter wheats in this
zone, and increased use for grazing because the high vernalisation requirement of winter wheats
means that stem elongation occurs much later in the season. When sown early (March), winter wheats
can produce large quantities of winter feed (Davidson et al. 1990) and, in addition, a feed grain crop.
The value of the grazing from winter wheats has the potential to offset their production costs, so that
the feed grain ultimately produced can provide an income source for HRZ graziers, either in terms of
direct sales of feed grain, or through reductions in supplementary feed purchases. There are anecdotal
data suggesting that young sheep can be finished to market specifications on winter wheat forage, but
there is little objective information or comparisons with other winter forage crops commonly grown in
the HRZ, such as forage oats. We report the results of two preliminary studies to obtain such data.
MATERIALS AND METHODS
Experiment 1, 1999
In an experiment at Ginninderra Experiment Station (GES) near Canberra, the grazing value of the
winter wheat varieties ‘Gordon’ and ‘Tennant’ was compared with ‘Blackbutt’ oats, the cereal crop
used most frequently in the district as a source of extra winter feed. These treatments were also
compared with a 2:1 mixture of Tennant and the extreme spring (‘express’) wheat ‘Sunset’. The
express wheat, which has no vernalisation requirement, is expected to undergo rapid stem elongation
and provide an early feedbank before that supplied by the winter wheat (see Davidson et al. 1990).
Crop and animal management. Four plots (0.2 ha) of each of the above 4 treatments were sown in a
randomised block design, in early March 1999. The sowing rate for all crops was 80 kg/ha, together
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with 125 kg/ha of ‘Starter 15’ fertiliser. Good rains in late March and early April resulted in excellent
germination and early growth, especially in the oats. Thereafter, drought conditions and low
temperatures reduced the growth of all crops.
In early July, the herbage on offer in all 16 plots was estimated by five experienced assessors, using
the calibrated visual scoring method of Morley et al. (1964), prior to the plots being grazed by young
crossbred sheep of initial liveweight 39.5 (s.e. 0.30) kg. At this time, as a result of the better early
growth of the oat crop, the available herbage on the Gordon (G), Tennant (T) and Tennant/Sunset
(T/S) plots was much less than that on the Blackbutt oats (O) (Table 1). Hence, to obtain an unbiassed
estimate of the capacity of each crop type to support liveweight gain (LWG), different numbers of
sheep were allocated to each plot, to achieve an initial herbage allowance as close as possible to 40 kg
herbage DM/animal. The actual mean initial allowance over the 16 plots was 40 (s.e. 1.4) kg
DM/animal. The mean grazing pressure was 53 lambs/ha, though to achieve the desired herbage
allowances, treatment mean grazing pressures ranged from 26 (T) to 95 (O) lambs/ha. As far as
possible, equal numbers of ewes and wethers were allocated to a plot.
Sheep were weighed onto the plots and on two subsequent occasions until they were removed from
the plots in early August, when they were weighed again. Following grazing, all plots received a topdressing of 100 kg N/ha and remained ungrazed until grain harvest in late December 1999 (O) or midJanuary 2000 (G, T, T/S). During the grain development stage, one replicate of the oat crop was
‘invaded’ by kangaroos, which inflicted severe grazing damage and reduced the ultimate grain yield.
This replicate was treated as a missing value in the statistical analysis of grain yield.
Statistical analyses. The results of the first study were analysed as a randomised block design. Actual
values for herbage allowance on each plot were used as covariates in the analyses of daily LWG.
Differences in the response of ewes and wethers were not significant and were therefore incorporated
into the error term. Treatment means were compared using least significant differences (P<0.05).
Experiment 2, 2000
The second grazing trial was conducted mainly to obtain further data about LWG, the yield and
nutritive value of Tennant winter wheat forage, and the intake and digestibility of wheat forage by
animals similar to those in experiment 1. Moreover, animals were slaughtered to obtain carcass data
and an indication of the capacity of winter wheat forage to finish lambs to market specifications.
Initial herbage allowances were greater than in the previous year, to permit a longer period of grazing.
Crop and animal management. Four adjacent plots of 0.2ha were sown to Tennant winter wheat in
early March 2000, using a sowing rate of 120 kg/ha and fertiliser rates (N, P) of 24 and 16 kg/ha,
respectively. The amount of herbage on offer was assessed by calibrated visual scoring (Bell et al.
1991) immediately before animals were introduced (July 4) and two months later, after the grazing
period finished. Each 0.2 ha plot was grazed by 10 second-cross wether lambs of initial live weight
34.2 (s.e. 0.54) kg (empty weight 30.7 (s.e. 0.53) kg). The grazing pressure was thus 50 lambs/ha,
similar to the mean grazing pressure in experiment 1, but the mean initial herbage allowance was
higher (57 (s.e. 0.8) kg DM/head). Animals were weighed weekly, while herbage samples for later
chemical analysis (nutritive value and alkane concentrations) were taken after 2, 4, 6 and 8 weeks of
grazing. At the end of the 56-day grazing period, lambs were weighed and transported to an abattoir.
They were weighed again after an overnight fast, then slaughtered using commercial procedures.
Carcass weights were measured and the fat depth measured at the GR site (110 mm from the mid-line
of the carcass over the 12th rib). After grazing ceased, all plots received a top dressing of 47 kg N/ha
as urea (September 9) and were not grazed again until grain harvest.
Estimation of herbage intake. On day 20 of grazing, five animals from each of plots 1 and 2 were
dosed orally with intra-ruminal alkane controlled-release devices (Captec Alkane) delivering 50
mg/day of each of C32 and C36 alkanes. Commencing 7 days later, rectal grab samples of faeces were
obtained twice-daily (0730h, 1530h) from each of the 10 animals and bulked within animal over 5
days of sampling (days 27-32). Herbage intake was estimated from the herbage and faecal
concentrations of C33 and C32 alkanes and the known dose of C32 alkane (Mayes et al. 1986). In
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vivo digestibility was estimated from the intake estimate, and an estimate of faecal output based on
the known dose of C36 alkane and faecal C36 concentration.
Chemical analyses. Samples of wheat herbage for the estimation of nutritive value were oven-dried
prior to the determination of in vitro OM digestibility, crude protein (CP) and neutral detergent fibre
content. Samples for alkane determination were freeze-dried prior to alkane analysis using the
methods of Dove et al. (1996).
RESULTS
Experiment 1
The initial herbage mass of the oat crop (O) was significantly higher than the other treatments
(P<0.05; Table 1). However, when the crops were grazed at the same initial herbage allowance of 40
kg DM/animal, daily LWG on both Gordon (G) and Tennant (T) winter wheats was significantly
greater than on the other two treatments (P<0.05). The 15% difference in LWG between T and G only
approached significance (0.10>P>0.05). The LWG on T/S did not differ significantly from the oats.
Table 1. Treatment means for initial and final herbage mass, liveweight gain and grain yield (Expt 1)
O
G
T
T/S
s.e.
Initial herbage mass, kg DM/ha
3293
1674
1023
2103
143.0
Final herbage mass, kg DM/ha
953
1075
1205
975
101.0
LWG, g/dayA
282
320
369
252
26.9
Grain yield, t/ha
3.29B
4.45
4.30
3.72
0.311
A
Daily gains adjusted by covariance for differences in initial herbage allowance from the intended 40 kg DM/animal.
B
One replicate excluded due to damage by kangaroos.

The grain yields of the grazed crops (Table 1) did not differ significantly from those of adjacent
ungrazed areas (Ungrazed: O 3.07; G 4.46; T 4.13; T/S 3.88 t/ha, cf. Table 1). The yields of the
grazed winter wheats (G,T) did not differ significantly but were significantly greater than the yield of
the oats or the winter/express mixture (P<0.05), which themselves did not differ significantly.
Experiment 2
Nutritive value of winter wheat forage. At the start of the grazing period, the mean herbage on offer
was 2868 (s.e. 40.6) kg DM/ha and by the end of the grazing period, this had declined to 2013 (s.e.
168.4) kg DM/ha. The winter wheat forage was of very high nutritive value throughout (Table 2),
with a mean in vitro DM digestibility of 83.3% and a mean crude protein content of 22.4%.
Table 2. Nutritive value of the winter wheat forage on offer during Experiment 2
In vitro DM digestibility
Neutral detergent fibre
Crude protein

Stage of grazing period (days)
28
42
83.7
81.1
46.2
47.8
23.4
21.1

14
87.8
43.4
23.8

56
80.4
49.6
21.2

Animal responses. The mean LWG of animals grazing Tennant wheat was 236 g/day (empty LWG
223 g/day), considerably less than that observed on the same cultivar in experiment 1. The LWG in all
plots was higher in the first half of the grazing period than in the second (Table 3). The mean empty
live weight prior to slaughter was 44.5 kg, and the mean carcass weight 24.7 kg (Table 3). Dressing
percentages (relative to pre-slaughter empty weight) were very similar in each plot. Herbage intake
was estimated in only two plots, and averaged 1071 (s.e. 68.4) g DM/day (plot 1, 1119 g DM/day;
plot 2, 1023 g DM/day). Estimated in vivo digestibility of consumed herbage was 75.9 (s.e. 0.71) %
(plot 1, 75.3%; plot 2, 76.5%).
DISCUSSION
The results of the first experiment indicate that, at equivalent grazing pressures, the weight gains
obtained with vegetative winter wheats were very high and on average, 13-30% higher than those
obtained with forage oats. Grazing did not reduce grain yield, which was significantly higher in the
winter wheats. The Tennant/Sunset mixture was included as a treatment in the hope that Sunset, an
express spring wheat, would produce a feed bank early in the season, before the extra feed from the
Tennant component. Although this mixture did provide more feed at the start of grazing than did
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either of the winter wheats alone, LWG on the mixture was the lowest (Table 1). The Sunset
component of the mixture was severely damaged by frost during June 1999. Although measurements
were not made, the yellow-brown, frost-damaged herbage was almost certainly of lower nutritive
value.
Table 3. Plot and mean values for LWG, carcass weights, dressing percentages and fat depths (Expt 2)
LWG 0-28d, g/day
LWG 28-56d, g/day
Carcass weight, kg
Dressing percentage
Fat depth, mm, GR site

Plot 1
268
221
24.9
55.9
14.3

Plot 2
264
196
24.3
54.4
12.8

Plot 3
263
196
24.5
56.1
16.1

Plot 4
300
180
25.0
55.7
14.4

Mean
274
199
24.7
55.5
14.4

s.e.
8.9
8.4
0.17
0.38
0.67

Herbage samples taken in experiment 2 indicated that the herbage from Tennant winter wheat had a
very high nutritive value, with estimated in vitro digestibility always above 80%. Digestibility
estimated in vivo using alkanes was lower (75.9%). Despite these high nutritive values, LWG was not
as high as the very high LWG observed in the first experiment. This could be related to the higher
grazing pressure on the Tennant sward in the second year (50 lambs/ha v. 26 lambs/ha on the
equivalent sward in experiment 1), though the initial herbage allowance in the second year was about
45% higher (57 v. 39 kg DM/head). It is of interest that LWG in the first 28 days of grazing (a
timespan comparable to the first experiment), was considerably greater and was more comparable
with (though still less than) experiment 1. Rainfall between days 28-56 of the second trial was over 90
mm (with four days in excess of 10 mm), compared with 34 mm for days 1-27; this may have affected
grazing behaviour and LWG. An assessment of the ‘expected’ LWG in experiment 2 using GrazFeed
(Freer et al. 1997), suggested a LWG of 215 g/day, compared with the observed empty LWG of 223
g/day. Herbage intakes were estimated in only two of the four plots, and then only over five days. The
estimated intake of 1071 g DM/day corresponds to about 2.6% of live weight, and is considerably less
than the intake predicted by GrazFeed (1750 g DM/day) for lambs under these circumstances. This
lower-than-expected actual intake corresponded to the start of the period of lower LWG. There is no
evidence that the procedures of intake measurement disturbed the normal grazing of this subgroup of
10 animals, since their LWG was not obviously different from their cohorts on the same plot, or from
the animals on plots 3 and 4.
Taken together, these preliminary studies demonstrate that winter wheat is a potentially valuable
source of winter forage of high nutritive value, capable of supporting high rates of LWG and finishing
lambs to market requirements. Larger-scale studies are now required to investigate the effects of
grazing management strategies on the utilisation of winter wheats as a dual purpose (grazing/grain)
crop, especially in relation to the likely trade-off between high LWG while grazing the wheat and
increased overall stocking rates prior to the grazing period. The observation of a possible temporal
trend in LWG over the grazing period also warrants further investigation.
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SUMMARY
In animals consuming known amounts of supplement, total intake of roughage plus supplement could
be estimated by dividing known supplement intake by the supplement proportion in the diet, if the
latter were estimated using the alkane patterns in roughage, supplement and the faeces of the animals
consuming them. The roughage intake could then be obtained by multiplying total intake by the
estimated roughage proportion in the diet. This approach was tested using data from a previous study,
and the results of a second experiment. In the first experiment, perennial ryegrass chaff and sunflower
meal labelled with beeswax alkanes were fed in different proportions to young sheep. Known
roughage intake was significantly under-estimated (P<0.05) by about 8% using this approach, due
mainly to the 12% under-estimate in animals receiving the lowest level of supplement. This reflected
the compounding of errors in estimating the dietary proportion of supplement in that treatment. In the
other treatments, there was a smaller and non-significant difference between known and estimated
roughage intakes. In the second experiment, similar animals were fed either subterranean clover chaff
alone or known proportions of chaff and cottonseed meal labelled with beeswax. There was excellent
agreement between the known proportions of supplement in the diet and those estimated using alkane
patterns in the chaff, meal and the faeces obtained by total collection. As a result, total intakes and thus
chaff intakes were estimated very accurately; mean estimated chaff intake was less than 1% different
from known mean chaff intake. The results suggest that in animals such as the dairy cow, where daily
supplement intake is known or can be controlled, the intake of pasture or its components could be
estimated using the approach described, without the need to dose the animals with synthetic alkanes.
Keywords: intake, alkanes, roughage, supplement, beeswax, sheep
INTRODUCTION
The n-alkanes of plant cuticular wax can be used to estimate the diet composition and herbage intake
of grazing animals (Mayes et al. 1986; Dove and Mayes 1996). Estimates of herbage intake are
derived from the herbage and faecal concentrations of long-chain alkanes adjacent in chain length
(e.g., C32, C33 alkanes) and the daily dose rate of the even-chain alkane. The odd-chain alkane is
derived from herbage, and the method requires that animals be dosed with the even-chain alkane,
administered either daily (or more frequently) as gelatin capsules or paper pellets, or administered only
once as an intra-ruminal, controlled-release device (Dove and Mayes 1996).
Diet composition can be estimated by relating the alkane pattern in the faeces, adjusted for incomplete
alkane recovery, to the alkane patterns of the various species available for consumption by the animal,
using least-squares mathematical procedures (e.g., Dove and Moore 1995; Newman et al. 1995). If the
animals are also consuming supplements, then the proportion of supplement in the diet, and ultimately
supplement intake, can be estimated by treating the supplement as one of the ‘species’ in the diet.
Dove and Oliván (1998) extended this concept to supplements that contain no alkanes (e.g., solventextracted oilseed meals), by labelling them with a source of alkanes such as beeswax.
In some animal production systems, it is either normal or convenient to feed known amounts of
supplement to individual animals (e.g., supplementation of individual dairy cows during milking). If
the supplement either contains or can be labelled with alkanes, then it is possible to estimate the
proportion of supplement in the diet (Dove and Oliván 1998) but, since actual supplement intake is
also known, then total and thus herbage intake can also be computed. This approach provides a means
of estimating the intake of pasture or its component species, without having to dose animals with
alkanes, which in turn may avoid undue stress or perturbations of normal grazing behaviour. We report
the results of two experiments that provided an assessment of this approach.
57.

Anim. Prod. Aust. 2002 Vol. 24: 57-60

MATERIALS AND METHODS
Experiment 1
Experimental animals, design and diets
The first data set was drawn from the experiment reported by Dove and Oliván (1998), where details
of the experimental design and animal management are given. Briefly, 24 young crossbred sheep were
offered diets of 720 g DM/day of mixtures of chaffed perennial ryegrass and unpelletted sunflower
meal in the proportions 7:1, 6:2, 5:3 and 4:4 (six sheep/treatment). The meal had been sprayed with
beeswax alkanes at the rate of 11.5 g beeswax/kg meal, using the procedures described by Dove and
Oliván (1998). The original report concentrated on the use of the beeswax alkanes to estimate the
proportion of supplement in the total diet, but since actual supplement intake was known, this data set
also provides a preliminary assessment of the approach described above.
Experiment 2
The second experiment was conducted as an explicit test of the use of alkane-labelled supplement as a
means of estimating roughage intake.
Experimental animals, design and diets
Eighteen young crossbred sheep, approximately 15 months of age and with mean live weight 38.4 (s.e.
0.52) kg were housed in individual metabolism crates to allow total collection of faeces. They were
offered once daily 800 g air dry (710g DM) of chaffed clover (Trifolium subterraneum) hay (six
sheep) or a mixture of the chaffed clover hay and cottonseed meal (CSM; solvent extracted) in the
proportions 7:1, 6:2 5:3 and 4:4 (three sheep per treatment). Any feed refusals were collected daily,
and water was freely available at all times. Following an adjustment period of seven days the animals
were switched from unlabelled CSM to CSM labelled with beeswax as described below.
Preparation of labelled supplement
The CSM (45kg DM) was labelled with 550g beeswax (12.2 g beeswax/kg meal) using a slight
modification of the technique described by Dove and Oliván (1998). The beeswax was grated using a
domestic kitchen grater and dissolved in 2.5L of n-heptane, with heating. The warm solution was then
transferred to a plastic hand-held sprayer and sprayed onto the CSM while it turned in a horizontal
mixer. The solution was kept warm by occasional immersion of the spray vessel in hot water. The
heptane solvent was allowed to evaporate from the labelled CSM before the meal was fed to animals.
No palatability problems were experienced with either the unlabelled or the labelled CSM.
Sampling and analytical procedures
Starting on day seven after the introduction of the labelled CSM supplement, total faecal output was
measured for 6 days by standard collection procedures. A sample of 10% fresh weight of the daily
faecal output was bulked across days for each animal. Bulked samples of chaff, labelled CSM and
faeces were stored at -18°C until being freeze-dried prior to alkane analysis. Alkanes were extracted
from samples by direct saponification/solvent separation and quantified by gas chromatography (Dove
et al. 1996).
Calculation of intake and statistical analysis
The proportions of CSM and clover chaff in the diets were estimated from the patterns of C27, C29,
C30 and C31 alkanes in the chaff, CSM and faeces, using the non-negative least squares procedure
EatWhat (Dove and Moore 1995). The data required to correct faecal alkane concentrations for
incomplete faecal recovery were based on mean recoveries within a treatment. Total intake was
calculated as (known supplement intake/estimated supplement proportion), and chaff intake as
(estimated total intake*estimated chaff proportion). Known and estimated intakes in both experiments
were compared using regression analysis and t-tests for paired comparisons.
RESULTS
Experiment 1
Alkane concentrations in the perennial ryegrass chaff and the beeswax-labelled sunflower meal are
reported in detail by Dove and Oliván (1998). Known chaff intakes are compared in Table 1 with
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those calculated from known supplement intake and the proportion of supplement in the total diet,
estimated using alkanes.
Table 1. Comparison of known and estimated perennial ryegrass chaff intakes (g DM/day), Experiment 1

7:1
626
549 (15.5)

Known intake
Estimated intake (s.e.)

Ratio of chaff:supplement
6:2
5:3
536
448
511 (8.9)
416 (9.0)

4:4
358
337 (13.8)

Overall, estimated chaff intake significantly under-estimated the known intake (P<0.05, paired t-test).
This was due principally to the 12% under-estimate found with the animals fed the lowest level of
supplement (90 g DM/day). The mean under-estimate for the other three treatments was 5.9%, but this
was not significant (P>0.05, paired t-test).
Experiment 2
The concentrations of alkanes C27, C29, C30 and C31 differed markedly between the subterranean
clover chaff and the labelled CSM, as intended (Table 2). The concentrations of the same alkanes in
the sunflower meal used by Dove and Oliván (1998) are shown for comparison. The same batch of
beeswax was used to label both oilseed meals and whilst the application rate of beeswax in the present
experiment was slightly higher than in the earlier study (see above), an examination of the data in
Table 2 indicates that very similar labelled alkane concentrations were achieved in each meal.
Table 2. Alkane concentrations (mg/kg OM) in the subterranean clover chaff and labelled cottonseed meal
(CSM) used in Experiment 2, and the labelled sunflower meal (SFM) used by Dove and Oliván (1998)

Feed
Clover chaff
Labelled CSM
Labelled SFM

Concentration of alkane:
C29
C30
270.8
14.1
305.2
8.4
298.4
7.8

C27
39.5
466.0
466.6

C31
95.0
256.8
236.2

These alkanes, together with faecal concentrations of the same alkanes (adjusted for incomplete faecal
recovery) were used to compute the supplement proportion in the diet. Estimated proportions were
extremely close to the actual proportions and did not differ significantly from them by either
regression analysis or by a paired t-test (Table 3). Note that since the EatWhat procedure does not
permit negative proportions of a dietary component, it is possible that this introduces some bias into
the standard errors of estimated proportions (Table 3), particularly for the 8:0 and 7:1 treatments.
Table 3. Comparison of actual proportions of supplement in the consumed diet and those estimated using
the alkane concentrations in subterranean clover chaff, beeswax-labelled CSM and faeces. Values in
parenthesis are standard errors of estimated proportions.
Chaff:supplement ratio offered
Known proportion of supplement in
consumed diet
Estimated proportion of
supplement in consumed diet

8:0
0

7:1
0.125

6:2
0.250

5:3
0.375

4:4
0.500

0.001 (0.0007)

0.125 (0.0006)

0.250 (0.0039)

0.375 (0.0046)

0.500 (0.0049)

For animals that were offered supplement, dividing the known supplement intake by the estimated
proportion of supplement in the diet provides an estimate of total intake, from which chaff intake can
be obtained by multiplying by the estimated chaff proportion. Estimates of chaff intake so derived are
compared with known chaff intakes in Figure 1. Estimated chaff intakes were related to known intakes
(both g DM/day) by the following expression, which did not differ from the line of equality.
Estimated = 1.008 (s.e. 0.0377)*Known + 0.718 (s.e. 18.8242) (r2 = 0.986; RSD = 12.6; P<0.001)
DISCUSSION
Although Experiment 1 was never intended as a test of the proposal that roughage intake could be
estimated from the intake of supplement containing alkanes, the results presented in Table 1 indicate
the feasibility of this approach. Overall, the intake of perennial ryegrass chaff was significantly under59.
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estimated, but this was due mainly to the effect of a major under-estimate (12%) at the lowest level of
supplement offered. This under-estimate was due, in turn, to errors in the estimated proportion of
supplement in this diet, which are exacerbated when known supplement intake is divided by estimated
supplement proportion, to calculate total intake. Supplement intakes were more accurately estimated in
the other treatments, with the result that estimated roughage intakes did not differ significantly from
actual intakes. Nevertheless, there was still a tendency to under-estimate known roughage intake.

Estimated chaff intake (g DM/day)

No such trend was obvious when the method was directly tested in Experiment 2. Estimated
proportions of supplement in the diet agreed very closely with known proportions (Table 3), with the
result that, on average, estimated roughage intakes differed by less than 1% from known intakes and
did not differ significantly from them (Figure 1).
650

550

450

350
350

450

550

650

Known chaff intake (g DM/day)

Figure 1. Comparison of subterranean clover chaff intake (g DM/day) estimated from the known intakes
of beeswax-labelled cottonseed meal, with known chaff intakes. The solid line is the line of equality.

Taken together, the results suggest that in animals which are consuming known amounts of
supplement in addition to roughage, such as the dairy cow, roughage intakes could be estimated by
either taking advantage of the natural alkane pattern of the supplement, or by labelling the supplement
with a source of alkanes, as in the present study. Although there were only two dietary components in
our experiments, the approach is equally applicable to multi-component diets (e.g. supplement, pasture
species 1, pasture species 2…). We have yet to establish how low natural alkane concentrations have
to fall before it is necessary to label the supplement. However, it is of interest in this regard that in the
work of Dove et al. (1995), oat grain with low alkane concentrations (C27 5.1, C29 8.5, C31 10.7
mg/kg OM) was used as a supplement for sheep receiving lucerne chaff (C27 15.3, C29 83.3, C31
311.5 mg/kg OM). When the proportion of supplement in the diet was estimated using these greatly
differing concentrations, the estimated mean proportion (0.308) was very close to the actual mean
proportion of 0.305, with the result that estimated mean chaff intake was only 1.3% (6.4 g DM/day)
less than known mean chaff intake. This suggests that the present method could be used in
circumstances in which the supplement alkane concentrations are much lower than those of the
roughage component, but further work is required to confirm that this is the case.
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SUMMARY
The hypothesis that matrix assisted laser desorption ionization time of flight (MALDI TOF) mass
spectrometry can be used to identify changes in the protein composition of rumen bacteria was tested.
We used MALDI TOF mass spectrometry to identify the proteins responsible for the ability to degrade
diaminopropionic acid (DAPA), a non-protein amino acid found in the forage legumes Lathyrus spp.
and Acacia angustissima, by a novel ruminal bacterial isolate, LPLR3-7. LPLR3-7 was grown on 3
different growth media containing either nutrient supplements (nutrient) or 10mM DAPA (DAPA) or
both (nutrient/DAPA). A MALDI TOF mass spectrometer was used to determine the protein
composition of whole cells, of cell-free extracts and of cell debris, from cells grown on each of the
different treatment media. LPLR3-7 altered its protein composition when grown in the presence of
DAPA. A peak cluster at 9700 Da in the cell free extract showed a direct relation to the presence and
absence of DAPA. MALDI TOF mass spectrometry was successfully used to examine protein
composition in ruminal bacteria. The process allowed identification of changes in protein composition
in this ruminal bacterium in response to a toxin. However, the profiles produced for entire cell protein
composition by the MALDITOF technique are complex and difficult to interpret and compare between
samples.
Keywords: ruminal bacteria, MALDI TOF, diaminopropionic acid, Acacia angustissima
INTRODUCTION
Several non-protein amino acids including 2,3-diaminopropionic acid (DAPA); 4-N-oxalyl-2,4diaminobutyric acid; diaminobutyric acid; 3-N-oxalyl-2,3-diaminopropionic acid; and 2-amino-6Noxalylureidopropionic; and acetylated forms of some of these amino acids have been detected in the
fodder legumes Lathyrus spp. and Acacia angustissima (Evans et al. 1993; Rasmussen et al. 1992).
These amino acids are potential toxins but toxicity will depend upon their concentration in the plant
(Johnston, 1971). LPLR3-7 is a novel rumen bacterium that has shown the ability to degrade and
utilise diaminopropionic acid (DAPA) as a carbon source (C. McSweeney, 2001, pers comm).
By analysing the proteins produced by LPLR3-7, it may be possible to identify proteins that are
involved in degrading and utilising DAPA. A change in protein composition may be found in the
cytoplasm of the cell, or among proteins attached to inner surfaces of the cellular membranes.
Alternatively, a change in protein composition may be detectable on the outer surface of the cell,
indicating that novel or altered proteins are secreted to the cell exterior or to the outer surface of the
cell membranes. To determine the cellular location of a protein of interest, bacterial cells can be
analysed as whole cells or as sub-cellular fractions of lysed cells. To detect a protein of interest, the
protein composition of bacterial cells can be determined by using two dimensional gel electrophoresis.
However, it may be possible to determine protein composition more quickly and accurately using the
Matrix Assisted Laser Desorption Ionisation Time Of Flight Mass Spectrometer (MALDI TOF MS;
Cain et al., 1994). The MALDI TOF MS has not been used previously to study rumen bacteria but it
has been used for some time to examine the protein composition of microorganisms that are important
in medicine (Leenders et al. 1999; Lynn et al. 1999; Gustafsson et al. 2001).
An investigation into the effect of DAPA on protein composition of LPLR3-7 was undertaken in this
project. It was hypothesized that the MALDI TOF MS can be used to identify changes in the protein
composition of rumen bacteria and provide an indication of the proteins responsible for LPLR3-7’s
ability to degrade DAPA.
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MATERIALS AND METHODS
Experimental design
Isolate LPLR3-7 was grown anaerobically in three different treatment media. The treatment media
contained the same basal medium and either a nutrient mix, a nutrient mix plus DAPA, or DAPA as
the sole carbon source for growth. MALDI TOF mass spectrometry was used to determine the protein
composition in different cellular locations in LPLR3-7 by examining whole cells, cell-free extracts and
the cellular debris.
Bacterial strain and culture methods
The bacterial isolate, LPLR3-7 was isolated from the rumen digesta of sheep adapted to the presence
of A. angustissima in their feed. The basal rumen fluid medium for culture and experimentation was
prepared under anaerobic conditions using the methods and recipes from Hungate (1966) and Lowe et
al (1985). DAPA was obtained from Sigma (Australia). LPLR3-7 cells were grown to late exponential
phase in three treatment media; basal medium with added nutrients (nutrient), basal medium with
added nutrients plus 10 mM DAPA (nutrient/DAPA) and basal medium with 10 mM DAPA (DAPA).
The nutrient mix added contained 2 g/L of cellobiose, 2 g/L glucose, 1 g/L of trypticase and 1 g/L of
yeast extract.
Protein estimation and sample preparation
The protein content of LPLR3-7 cultures from each growth condition was estimated using a BCA
Protein estimation kit (Pierce, Rockford U.S.A) according to the manufacturer’s guidelines for the test
tube protocol. Cells from the three growth conditions were washed, resuspended in 2 ml sterile water
and then split into 1ml samples to be analysed for their protein composition as whole cells, cell-free
extract (sonicated & centrifuged) and cell debris (membranes and cell wall sediment from sonicated
samples). Cell-free extract and cell debris samples were prepared by sonication of a 1ml sample from
each growth condition using a Branson B-12 sonicator in a cycle of 15 sec sonication with a 15 sec
rest, repeated four times. The samples were then centrifuged at 5000 x g for 5 minutes. The
supernatant was removed as cell-free extract and the pellet of cell debris was resuspended in 1 ml
sterile water.
MALDI TOF MS
The Voyager MALDI TOF MS (PerSeptive Biosystems, Framingham, MA) was used in linear
positive ion mode with a nitrogen laser at a wavelength of 337 nm. Protein standards for MALDI TOF
MS were: bovine serum albumin, chicken ovalbumin, lysozyme and aprotinin, (Sigma, Australia), and
were prepared at a concentration of 50 pM. Sinapinic acid (3-5 dimethoxy-4 hydroxycinnamic acid;
Sigma, Australia) was the matrix used. LPLR3-7 samples were prepared by the sandwich method
(Galvani et al, 2001). The amount of sample used for MS analysis from each bacterial growth
condition was adjusted to standardise the total protein content, according to the results of protein
estimations. For each sample, including the standards, 14 spectra were accumulated from 7 replicates.
Spectra were acquired in two ranges: 4000 – 20 000 Da and 10 000 - 80 000 Da. The baseline of each
spectrum was corrected and the background noise removed using the Data Explorer program in the
MALDI TOF MS software (PerSeptive Biosystems, Framingham, MA).
RESULTS
MALDI TOF MS and protein composition of LPLR3-7
The MALDI TOF MS produced spectra that indicated a change in protein composition of LPLR3-7
when it was grown in the presence of DAPA. Protein spectra varied between cell fraction and between
the different growth media. However, there were strong similarities in the whole cells and cell-free
extract from the nutrient and nutrient/DAPA media. There was also a strong similarity between the
cell debris spectra for nutrient/DAPA and DAPA media. Some protein peaks were present in all
samples from all growth media. For example, peaks at 5500 Da and at 7200 Da were present in all
samples (Figure 1). In cell-free extracts, the samples from cells grown in DAPA medium showed a
protein peak at 67 000 Da that was absent in other samples (data not shown). In addition, there was a
cluster of peaks around 9700 Da that was particularly responsive to the presence or absence of DAPA.
The peak at 9700 Da in particular showed increased relative concentration in nutrient/DAPA medium,
rising markedly above the surrounding peaks. This peak was the only peak from a small cluster
between 6000 – 10 000 Da that remained obvious in the cell-free extract from cells grown in DAPA.
In general, the samples from the DAPA medium showed a reduced number of protein peaks in the
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spectrum, compared with those from cultures where the nutrient mix was included. The differences
observed were more obvious in the 4000 to 20 000 Da molecular mass range than in the 10 000 to 80
000 Da protein range. Figure 1 is an example of the output from the MALDI TOF MS, showing
protein spectra for cell-free extract fractions of LPLR3-7 grown on the three experimental media.
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Figure 1. Protein spectra from cell-free extract of LPLR3-7 grown in nutrient, nutrient/DAPA and DAPA
media, in the 4000 Da to 20 000 Da range. The solid and dotted lines indicate matching peaks between
samples. The solid line indicates a peak at 9700 Da, which showed increased relative concentration in
nutrient/DAPA medium compared to the surrounding peaks.

Protein estimation
Protein concentration varied according to the growth media. Samples taken from bacteria grown in
DAPA medium had the lowest protein concentrations. The estimates of protein content were used to
ensure samples of approximately equal protein content were used for analysis from each growth
condition.
DISCUSSION
The MALDI TOF MS identified changes in protein composition in the novel ruminal bacterium
LPLR3-7. By using the MALDI TOF MS it was possible to show that the protein composition of
LPLR3-7 cells varied when the cells were grown in the presence and absence of DAPA. This supports
the hypothesis that protein composition of the LPLR3-7 cells would change when DAPA was present
in the medium. Complete reliance on DAPA as a nutrient source (basal medium + DAPA) appeared to
reduce the intensity of many proteins in the LPLR3-7 cells and the overall total protein content of the
culture. Thus changes in protein composition of LPLR3-7 grown in the DAPA medium were most
probably a result of the combination of nutritional deficiency in the medium as well as the effect of
DAPA.
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The spectra obtained from the MALDI TOF MS indicated that the presence of 10 mM DAPA in the
growth media induced a change in protein composition. However, it is possible that the exact same
number of cells were not present in all of the samples. Therefore, the variations in protein intensity
between samples need to be compared with caution. However, within samples the protein intensity
relative to others can be compared. The intensity of the protein peak at 9700 Da (Figure 1), compared
to the two peaks directly adjacent to it, was altered greatly (approximately doubled in height) when
DAPA was included in the medium. It is notable that this was the only peak of the cluster that
remained present when cellular proteins were depleted by reliance upon DAPA as an organic carbon
source. Therefore, this protein peak may have an important role in the response of LPLR3-7 to
DAPA.
The MALDI TOF MS can be used as a fast and simple method of obtaining a general protein
fingerprint of bacteria. The limited knowledge of protein content in isolate LPLR3-7 makes it difficult
to interpret the spectra, particularly so because of the reduced accuracy of protein peaks over large size
ranges. This suggests that future analyses of LPLR3-7 should assess a number of narrower protein
ranges. With optimization, this technique could provide a rapid way of identifying changes in protein
composition and could help to focus more complex studies that use two dimensional gel
electrophoretic analyses of proteins.
An exciting result of this study was the successful application of proteomics in the assessment of a
bacterial response to a non-protein amino acid. The use of the MALDI TOF MS to determine
differences in protein composition of LPLR3-7, in response to DAPA, introduced a novel technique
for rapid identification of the responses of rumen bacteria to their surrounds.
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SUMMARY
The Australian goat meat industry has mostly processed feral goats for export. As goat meat markets
mature there will be an increased demand for farmed goats to meet supply, especially into niche
markets. Production benchmarking showed that Victorian commercial goat meat producers are
located generally in areas with <500 mm rainfall, usually in conjunction with other livestock and
cropping enterprises. On average, 67% of farm area, equal to 701 ha (range 55 – 4400 ha) was
allocated to the goat enterprise. Commercial producers used Boer bucks, at an average mating rate of
2.2%, over Boer X or feral X does. Weaning rates averaged 99% (range 51 - 165%). There was a
large range in husbandry ($0 - $3.07) and supplementary feeding ($6.75 - $9.60) expenditure. Fifty
percent of producers indicated that they carried out regular faecal egg counts to assess worm burdens.
Seasonal supply patterns showed that producers were supplying Christmas and Easter markets with a
live weight range of 12 - 40 kg and an overall average live weight of 26 kg. The issues of concern
identified by commercial growers were: internal parasitism, doe fertility, kid predation, kid growth
rates, Johnes disease, and fencing security. This study indicated that there is considerable scope to
improve the productivity of the Victorian commercial goat meat industry. Most producers supply
smaller carcases on a strong seasonal basis. This supply pattern inhibits industry development.
Keywords: goat, goat meat, production benchmarks
INTRODUCTION
Meat produced by the Australian goat industry is directed primarily to export markets with an average
volume of 11,489 tonnes between 1997 and 2000 (Table 1). The main supply of goats to processors
has traditionally been from feral (or bush) goat. A greater reliance on supply from farmed goats will
result as the numbers of feral goats decrease.
Table 1: Australian and Victorian goat meat exports (tonnes) 1997-2001
1997
1998
1999
2000
2001*
Australian
11,900
10,924
10,594
12,538
9,271 (9,669)
Victorian
1,300
850
1,902
2,892
NA
Victorian share (%)
16%
8%
18%
23%
NA
* 2001 figures to October 2001. Figures in parentheses are for the same period in 2000; NA not available.
Source: AFFA History of exports of red meat

Victorian exports increased from an average of 14% of Australian exports between 1997 and 1999 to
23% in 2000. During the three financial years from 1997/98 to 1999/2000 the average number of goats
slaughtered at domestic abattoirs in Victoria was 12,426 (Anon 2001). This increasing share may
relate to the increasing availability of farmed goats in southern Australia.
Given current consumption trends and product characteristics of goat meat, two distinct market groups
can be identified. One is the ‘cultural consumer’ located primarily in Asia and the Middle East. This
market is relatively traditional and uses mainly commodity goat; however the food service industries
sector is emerging which supplies large hotels and speciality supermarkets. The second consumer
group is in non-Asian countries where goat meat is not regularly consumed but is becoming an
attractive addition to their diets. In both market groups, the food service industry requires product that
is suited to efficient processing and portion control. Goats have been traditionally supplied from nonfarmed (low management inputs) systems leading to a wide range in the quality of carcases delivered
to processors. Farmed goat production provides opportunity to produce more consistent lines for
processing. As the food service industry demands for goat meat increase it is anticipated that 16kg
carcases will be preferred by processors. This demand will lead to improved processing efficiencies
and increasing product quality.
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Like other meat industries, the Victorian goat meat industry needs continuous improvements in farm
productivity and profitability to remain competitive in both international and domestic markets.
Economic analyses by Davies and Murray (1997) and Trapnell (2000) showed that meat production
from goats was more economic than wool and beef production. To be competitive, it is essential that
the Victorian goat meat industry manage production costs and product quality. To better understand
the characteristics of current goat meat producers in southern Australian a benchmarking study of key
farm production indicators has been carried out on commercial properties
MATERIALS AND METHODS
Fifteen commercial goat meat producers with more than 300 breeding does each were identified from
goat meat producer forums which were run as part of Natural Resources and Environment’s Naturally
Victorian Premium Goat Meat to Asia project activities (Kearns et al. 2002). Fifty additional
producers supplied figures on their seasonal goat turn-off numbers and goat live weights.
The benchmarking questionnaire was structured around the following broad areas: land used for goat
production, stocking rate, fertiliser use; producer ‘history’, enterprise type, age, marketing and trading
practices, goat management practices; health, husbandry, parasite control, breeding practices; kids
marked, kids weaned, inputs to the goat enterprise and casual labour.
Producers completed the questionnaire through a ‘one-to-one’ interview process with NRE staff.
Completed responses were received from ten enterprises. Data collected through the survey was
collated and analysed. Average, minimum and maximum measures of appropriate benchmark
indicators were determined.
RESULTS
Grower age and years in industry
Commercial goat enterprises were usually run with two operators (range 1 - 4), most often as a
husband and wife team. The average age of producers was 53 years with a range of 35 to 65 years of
age. Operators had been in the industry for an average of 10 years (range 1 year - 30 years).
Enterprise type, size and mix
Commercial goat production was mixed with beef production (30%), sheep production (20%), solely
cropping (10%) or in conjunction with mixed livestock (beef and sheep), bees or cropping enterprises.
Fifty percent of producers set-stocked, 40% rotationally grazed and ten percent of respondents did not
reply to this question. Sixty percent of producers utilised dryland perennial pasture. Twenty percent
of operators in this study produced goats on annual or ‘unimproved’ pastures. For commercial
production, farm topography was predominantly flat (40%), undulating (20%) or hilly (20%). Twenty
percent of operators indicated a combination of hills with flats or stony rises. On average, 66.8% of
farm area was allocated to goat production. Average total farm area was 1050 ha (range 85 - 4400 ha)
with an average of 701 ha allocated to the goat enterprise component (range 55 – 4400 ha). Ten
percent of commercial growers leased extra land for goat production; this land comprised less than 5%
of their total land for goat production.
Enterprise production system
Commercial producers farmed in areas with an average rainfall of 480 mm (range 240 - 990 mm).
Thirty percent of growers were in rainfall zones of >490 mm. The remaining 70% of growers were in
rainfall zones of <490 mm. Fifty seven percent of growers in the lower rainfall zones used an average
159 ML of irrigation water as part of their production system. Commercial producers in this survey
ran an average of 500 breeding does (range 150 – 1500 does). Average stocking rates as measured by
number of breeding does/ha was 2.0 (range 0.2 - 4.2 does per ha). Commercial producers used a buck
mating rate of 2.2% (range 0.7 - 4.7%). Boer bucks were used over Boer X or feral X does in all
commercial enterprises. Weaning rates averaged 99% (range 51 - 165%).
Enterprise health and husbandry practices and issues
The majority (80%) of producers drenched for internal parasites twice per year (overall average 1.7
times per year). Ten percent of producers did not drench while another ten percent drenched once per
year. For internal parasite control producers listed a range of products used including: Virbac,
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Panacur, Cydectin, “White”, “Clear” and “Combination”, Ivomec, Levamisole, Fasinex,
Albendazole. Fifty percent of producers indicated that they carried out regular faecal egg counts on a 6
month or 12 month basis to assess worm burdens. Twenty percent of producers had tested for drench
resistance with ten percent of producers recording drench resistance to Albendazole. Sixty percent of
producers treated animals for external parasites once per year and ten percent treated twice per year
using Ivomec, Zapp, Nucidol, Spot-On or Clout-S. All producers thought the products to be
effective. On average, $1.78 per doe per year was spent on animal health inputs (range $0 - $3.07 per
doe per year).
The three main animal health issues identified by commercial growers were: internal parasitism, doe
fertility and Johnes disease. The three main animal husbandry issues identified were: kid predation,
fencing security and kid growth rates.
Seasonal supplementation and other inputs
Seventy percent of commercial producers indicated that they provided supplementary feed;
predominantly in the form of hay. Pasture hay, oaten hay, oaten hay/vetch were the types of hay
recorded. One producer supplied oats and chaff as a feed supplement. No commercial producers
purchased commercial feed pellets or pre-mixed rations.
Thirty percent of respondents provided supplementary feed (pasture hay or oaten hay and vetch) from
March to July and thirty percent provided supplementary feed from May to August. Supplementary
feed costs were provided by two producers and ranged from $6.75 to $9.60 per doe per year. Other
respondents (40%) did not indicate provision of any supplementary feed.
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Seasonal turn-off pattern
Figure 1 shows the seasonal turn off (number and live weight) of goats from 50 commercial producers.
Average live weight at turn-off was 26.0 kg with a minimum average of 22 kg in March and a
maximum average of 29.5 in October. Individual producers indicated delivering goats that ranged
from 12 kg to 40 kg live weight. Goat numbers supplied for slaughter increased from approximately
1,000 in August and September to 1,852 in October, and to 3,295 in December. Supply then
decreased to approximately 500 per month in January through to March. The minimum numbers of
goats were turned off in April, May and June.

Numbers
Live weight

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 1: Monthly numbers and live weights of goats turned off by 50 commercial producers (data:
Supply capability survey Naturally Victorian Supply Chain Management Project 2001)

DISCUSSION
Production benchmarking of the Victorian commercial goat meat industry showed that most
operations are run by two people with an average age of 53 years of age. This age is similar to the
average age of prime lamb producers (Connell et al. 2000). Commercial operators had been in the
industry for an average of 10 years and usually combine the goat enterprise with other enterprises such
as crop or beef production. This average age of individuals is likely to be indicative of the generation
in control of the farm and who would make most of the commercial decisions.
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Goats, when grazed with sheep and cattle, have been seen to have a beneficial influence on pasture
management. McGregor (1985), Casey and Van Niekirk (1988) and Glimp (1995) explained that this
occurred because goats have different foraging preferences to sheep and cattle. Goats may utilise the
more digestible parts of the available plant material, or plant material at different heights or plant
materials not normally eaten by sheep or cattle.
Assuming breeding does equate to 2.2 DSE (McGregor 1990), the average stocking rate of 4.4 DSE/ha
is quite low and suggests that producers are underestimating their stocking rates, especially when
mixed with other enterprises. The average weaning rate and large range in weaning rate indicate that
there are significant losses prior to weaning, possibly from sub-optimal mating management, suboptimal nutrition of breeding and lactating does or high levels of kid mortality, that have a large
impact on the commercial industry’s productivity. Significantly, producers indicated that doe fertility,
kid losses through predation and poor kid growth rates were important husbandry issues. This
information indicates there are substantial gains to be made in the Victorian meat goat industry
through improving the management of breeding flocks and kid survival and growth rates.
The majority of commercial goat meat production was carried out in rainfall zones of <500 mm.
Given that most commercial producers drenched their for internal parasites less than twice per year,
this relatively low rainfall zone may offer advantages for parasite management in commercial goat
operations. Internal parasites however, remained a high animal health concern to commercial
producers.
Current seasonal supply patterns indicate that producers are delivering to the Easter and Christmas
markets. Live weights delivered averaged 26 kg, however the 40 kg maximum and the 12 kg
minimum suggest that producers are using a range of market options. The supply pattern also
indicates that the vast majority of meat goats are mated during autumn.
This benchmarking study indicates that there is considerable scope to improve the productivity of the
Victorian commercial goat meat industry. Currently, most producers supply smaller carcases on a
strong seasonal basis. This supply pattern and capability inhibits strong industry development into the
short-term future.
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A COMPARISON OF DAMARA CROSSBRED AND MERINO LAMBS WOOL
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SUMMARY
Lambs wool production and qualities from the progeny of 2 Merino and 2 Damara rams mated to
Merino ewes were compared. The crossbred lambs produced about half the amount of wool and had
high fibre diameter variation and medullated fibre components. Merino lambs wool was contaminated
with pigmented and medullated fibres apparently transferred from continual exposure to the Damara
crossbred lambs; supporting the requirement for specific labelling ("Y" suffix) to make buyers aware.
Wool production declines, restrictive crossbred wool qualities and wool contamination (including
effects on the maternal fleece) reduce wool income during crossbreeding and need to be considered in
the diversification to a woolless sheep enterprise.
Keywords: Damara Merino, lambs wool
INTRODUCTION
The Damara sheep breed was imported to Australia from South Africa by various private
entrepreneurs, following a review by the Agricultural and Research Management Council of Australia
(ABARE 1995), using quarantine protocols developed for frozen embryos (AQIS 1996). The Damara
is a fat tail breed that sheds its coat (Du Toit 1995) providing a diversification to stock that are
preferred by middle east live sheep export markets and with potential low costs of flock maintenance.
The high cost of purebred Damara sheep lead to most developing flocks undertaking crossbreeding
with Merinos. Effective fleece shedding is, however, only restored in Damara comebacks. Damara
first cross lambs require shearing and crutching and this involves costs and production of unusual
wool. There is little information available about the production and qualities of Damara first cross
wool that determine the value of this product and income relative to Merino lambs wool. It is
important for those considering the Damara option or valuing the wool produced to be aware of the
qualities found for examples of the products involved. A study of Merino wool contamination arising
with Damara crossbreeding (Fleet et al. 2001a) provided an opportunity to collect data about the wool
from some of the Merino and Damara crossbred lambs produced. Wool production and washing
yield, fibre diameter, curvature, medullation, staple length and strength for these Merino and Damara
crossbred lambs are compared. In addition, the pigmented and medullated fibre contamination found
in the Merino lambs wool is reported.
MATERIALS AND METHODS
Experimental animals
Born in 1999 at Minnipa Agricultural Centre (Eyre Peninsula, SA), the lambs were male progeny of 2
Merino and 2 Damara rams mated to Merino ewes as previously described (Fleet et al. 2001a; Fleet et
al. 2002). The 27 Merino lambs had entirely white coats mainly with low levels of halo-hair fibre. In
contrast, the 26 Damara crossbred lambs had hairy tan coloured coats with various levels of white
spotting. Merino and crossbred lambs were born in separate groups, were tagged and mothered soon
after birth, and were run together from lamb marking (age < 6 weeks) until sent to the abattoir (7months of age). Extensive paddock conditions applied except for the last 8 weeks when in a feedlot.
Lambs wool was harvested from the skins following slaughter.
Measurements
Wool shorn from skins (including the mid-side sample) was weighed. The Merino fleeces were each
spread over a table and grid sampled (perspex sheet with 8 x 13 holes). These samples were then
aqueous (Lissapol) washed and a 10 g sub-sample of the scoured staples inspected for pigmented and
medullated fibres (Fleet et al. 2001a). From the mid-side sample wool, 10 staples were taken for
measurement of staple length and strength. The mid-side wool was mini-cored and these fibre
snippets solvent (Trineu) scoured and 40 g of the mid-side wool aqueous scoured and dried to obtain a
washing yield. Staple length of each staple was measured manually while staple strength and position
of break were measured with the Agritest Staple Breaker system. Mini-core fibre snippets from the
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mid-side sample wool were measured for fibre diameter, curvature and medullation by
OFDA100(www.ofda.com.au). The slides of snippets for the Damara crossbred lambs were inspected
for content of tan fibre and classified as present and obvious or evident to a minor degree. The
snippets slides were also inspected with a dissection microscope to inspect individual fibres.
Medullation was accepted for fibre diameter > 20µm and opacity ≥ 80%. Objectionable medullated
fibres had fibre diameter > 25 µm and opacity ≥ 94%. Flat medullated fibres had opacity < 80%, wide
light band width > 40 µm and fibre diameter > 60 µm (IWTO-57-98).
Statistical analysis
Due to the limited number of rams involved the analysis for a breed comparison is not adopted. The
model used for the least squares analysis of variance (procedure GLM of SAS 1996), for lambs wool
production and qualities (Table 2), included ram (Merino 1 and 2 and Damara 1 and 2), rearing status
(single or multiple reared) as the main effects, the interaction between ram and rearing status and day
of birth as covariate. The effect of obvious v. minor presence of pigmented fibres, on the OFDA100
medullated fibre measurements from the Damara crossbred wool, was also analysed using fibre
diameter and standard deviation of fibre diameter as covariates.
RESULTS
Inspection of the scoured Merino grid sample wool revealed high concentrations of pigmented and
heavily medullated fibres (Table 1). Of the 1085 classified pigmented and heavily medullated fibres
extracted from the Merino lambs wool 604 (56%) had intact tapered tip and remnant root bulb and 349
(32%) had remnant root bulbs; typical of shed fibres. Of the 829 pigmented fibres extracted, 784
(95%) had pronounced medulla exceeding 50% of the fibre diameter.
Table 1. Contaminated Merino lambs wool
Length of fibres (mm)
3 - 10
11 - 25
> 25
Total

Mean number (+ s.d.) per 10 g scoured staples
Pigmented fibres
Heavily medullated white fibres
11.6 (5.7)
3.5 (2.0)
10.1 (4.6)
3.8 (3.1)
8.7 (6.1)
2.4 (1.7)
30.4 (12.3)
9.4 (3.9)

Means and standard errors for fleece weights and wool qualities of the progeny of the four rams are
shown in Table 2. Significant effects (P<0.05) for ram group were found between all characters
except washing yield (P=0.11). Rear status (P<0.001) and birthday (P=0.004) were important for
greasy fleece weight but not significant (P≥0.05) for all other wool characters. The interaction between
ram and rear status was not significant in all cases. Effect of obvious v. minor presence of pigmented
fibre in the snippet samples, on the OFDA100 medullated fibre measurements of the Damara
crossbred samples, was not significant (P>0.05) after using mean fibre diameter and standard
deviation of fibre diameter as covariates.
Table 2. Fleece weights and wool quality means (+s.e.) of the progeny of 2 Damara and 2 Merino rams
Character
Merino 1
Merino 2
Damara 1
1 Greasy fleece kg
2.28 (0.10) a
2.20 (0.09) a
1.05 (0.09) b
2 Staple length mm
59 (2.1) a
50 (1.8) b
50 (1.9) b
3 Staple strength N/tex
26 (1.3) a
27 (1.1) ab
30 (1.2) bc
4 Broken tip portion %
56 (1.8) a
55 (1.5) a
47 (1.6) b
19.0 (0.40) a
19.8 (0.34) ab
20.4 (0.36) b
5 Fibre diameter FD µm
6 Standard deviation FD %
3.4 (0.59) a
3.9 (0.50) a
8.5 (0.53) b
7 Coefficient of variation FD %
18.2 (2.6) a
19.7 (2.2) a
41.6 (2.4) b
18.0 (0.97) a
19.1 (0.83) a
24.7 (0.88) b
8 Spinning fineness µm
9 Comfort factor %
99.5 (0.34) a
98.6 (0.29) a
96.5 (0.30) b
10 Curve C degrees/mm
72.5 (2.5) a
81.1 (2.1) b
81.7 (2.2) b
11 Standard deviation C %
49.0 (1.5) a
56.4 (1.3) bc
53.7 (1.4) b
25.0 (2.4) a
26.6 (2.0) a
51.8 (2.1) b
12 Medullated diameter M µm
13 Standard deviation M %
6.8 (1.6) a
9.5 (1.3) a
25.8 (1.4) b
14 Coefficient of variation M %
26.3 (3.8) a
35.0 (3.2) a
50.0 (3.4) b
13 Medullated fibres / 10K
37 (25) a
43 (21) a
305 (22) b
14 Flat medullated fibres / 10K
0.1 (1.5) a
0.2 (1.3) a
10.0 (1.3) b
15 Objectionable medullated/10K
0.1 (10.2) a
0.0 (8.7) a
78 (9.2) b
a,b,c Means in the same row with a different letter are significantly different (P<0.05)

70.

Damara 2
1.16 (0.09) b
54 (1.8) ab
31 (1.2) c
43 (1.6) b
21.5 (0.35) c
11.7 (0.52) c
54.5 (2.3) c
30.1 (0.86) c
95.0 (0.30) c
80.9 (2.2) b
53.0 (1.4) abc
61.4 (2.1) c
34.3 (1.4) c
56.2 (3.3) b
416 (22) c
10.8 (1.3) b
136 (9.0) c
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DISCUSSION
The Merino lambs wool had high concentrations of pigmented and medullated fibres that had
characteristics expected for shed fibres from Damara crossbred lambs (Fleet et al. 2001 a, b). Merinos
without visible pigmented fibre on the coat have been found to have low concentrations of isolated
pigmented fibres (Fleet et al. 1995). Pigmented fibres restrict the flexibility of end-use for sensitive
white and pastel products and reported tolerances for Merino wool range between 1 and 100 dark
fibres per kg of top (Foulds et al. 1984). White fibres with pronounced medullation (kemp) can also
restrict end-use due to poor dye uptake of these fibres (ITWO-57-98). This report provides further
support to the requirement in the Code of Practice that Merino wool continuously exposed to coloured
or kempy sheep be branded with the "Y" suffix in order that wool buyers be made aware of the
potential contamination (AWEX 2001).
While the results presented cannot be claimed as indicating general breed trends, due to the limited
sampling involved, this case study provides some preliminary guidance about first cross Damara
lambs wool. Progeny of the Damara rams produced about half the amount of wool compared to the
Merino groups; though there was not a consistent relationship with the differences in staple length and
mean fibre diameter. Differences in follicle populations were not measured but could also contribute
to the differences in wool production between progeny groups (Hynd 1995). For fibre curvature, the
progeny mean of one of the Merino rams was different from the progeny of the Damara rams. The
Damara progeny groups had less tip percentage above the staple break and higher staple strengths and
than both Merino groups. These findings could possibly be due to the 'wispy' tips, with increased tex
occurring toward the base (reflecting the developing secondary wool fibre population), despite
positioning of the jaws of the staple breaker lower down the tip region of the crossbred lambs wool.
It was the variance and medullation components of the fibre diameter distributions for which there
were large differences between the progeny of the Merino and Damara rams. The standard deviation
and coefficient of variation of fibre diameter for the Merino ram progeny were not different. In
contrast, the Damara ram groups were different and standard deviations or coefficients of variation
were between 2 and 3-fold greater than the Merino progeny groups. Spinning fineness was markedly
increased as a result of the high standard deviations of fibre diameter of the Damara crossbred lambs
wool; for Damara ram 2 the effective increase in fineness was 40%. Percentage of coarse fibres (≥
30µm), as indicated by the comfort factor, was similarly increased in the progeny of the Damara rams.
It was a concern that obvious tan fibre in some of the Damara crossbred samples might bias the
medullated fibre measurement (IWTO-57-98). Where opacity changes caused by pigmentation or
other colouration overlap the limits specified for medullation there could be potential for confounding.
However, analysis did not find a significant effect from the obvious presence of pigmented fibre after
adjustment for fibre diameter and standard deviation of fibre diameter. Most of the pigmented fibres
extracted from the contaminated Merino lambs wool had pronounced medulla. It could be that the
potential bias was reduced because of the medullation parameters used and, or, if the pigmented fibres
evident in the snippet samples were also medullated while secondary wool fibres were not medullated
or coloured to extent of overlap for opacity. From inspection of the snippets slides using a dissection
microscope it appeared that the finer fibres were predominantly not pigmented nor heavily medullated
while the very coarse fibre was predominantly pigmented and, or, heavily medullated. Such pigment
patterns can be classified as Roan and is likely explained by restriction of pigment cell locations in
skin during development; being absent from areas of epidermis and, or, the sites of secondary follicle
initiation (Fleet 1997).
Progeny of both Merino rams had similar statistics for medullated fibres. In contrast, both Damara
ram groups were higher than Merino groups for each of these measurements and also different for the
crossbred groups except for flat fibres / 10K and coefficient of variation of medullated fibre diameter.
Medullated fibre diameters were about double, and standard deviation of medullated fibre diameter
between 3 to 5-fold, the Merino lamb groups. Total number of medullated fibres per 10,000 snippets
is less relevant than the number of objectionable medullated fibres which are most likely to restrict dye
uptake and present problems for sensitive end-uses (IWTO-57-98). The groups of crossbred lambs
wool contained a high proportion of objectionable medullated fibre (0.78% and 1.36%) which is a
direct effect of the Damara genetics.
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Despite the high levels of medullated fibres (pigmented and white fibre of Damara origin) found in the
Merino lambs wool by inspection with the CSIRO Dark Fibre Detector there were relatively few
found by OFDA100 analysis. This apparent lack of detection by OFDA100 involves sampling
limitations and fibre type differences. The staple inspections found about 40 pigmented and white
medullated fibres per 10 g sample of which about 95% had a pronounced medulla (> 50% of the fibre
diameter) but most were short fibres. On the basis of 20 million fibres per kg of scoured staple wool
there is 200,000 represented in a 10 g sample. Therefore, a single OFDA count of 10,000 snippets
might detect 5% (or 2 ) of the contaminant fibres found by CSIRO Dark Fibre Detector if there was a
direct relationship with objectionable medullated fibre.
The implications of Damara crossbreeding on wool quality include effects on the maternal fleeces
(Fleet et al. 2001a,b), other Merino wool exposed continuously and the crossbred wool. Contaminated
white Merino wool may be heavily discounted with a recent specific quotation (G. N. Keynes, pers.
comm.) being of the order of 20% while Pattinson and Hanson (1993) reported that discounts of up to
50% can apply. The recognition and appraisal of the increased quantities of such contaminated
Merino wool and analysis of market prices will lead to better estimates of the range of penalties being
applied in the auction system. Quoted values for Damara crossbred wool vary widely (from no value
to $2.70 per kg) in part because of the unusual qualities, small quantities and lack of established
markets. Clearly the presence of dark and, or, medullated fibre, together with coarse fibre and high
fibre diameter variability, present limitations for potential applications and these explain the general
reluctance of purchase and low quoted prices. Wool is usually an important part of the sheep
enterprise income. However, in the divergence to a woolless sheep breed this income is progressively
reduced and, in the start, the costs associated with shearing and crutching remain.
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SUMMARY
Perennial ryegrass (Lolium perenne L.) cultivars that express higher levels of water-soluble
carbohydrate (WSC) in above-ground growth have been released commercially in recent years,
notably in the United Kingdom. There is some evidence to suggest that increased WSC concentrations
in grasses may alter the dietary preferences and dry matter intake of ruminants. However, there is
little information available from field conditions in Australia on the magnitude and consistency of
differences between ryegrass lines bred for higher WSC, and ‘normal’ lines. Non-structural
carbohydrate (NSC) concentrations in above-ground dry matter of the perennial ryegrass cultivars
AberDawn (notionally high WSC) and AberElan (typical WSC), and white clover (Trifolium repens
L.), were monitored for 24 hours on May 11th, June 28th and December 6th 2000. Four replicated plots
of each pasture type growing at Kyabram in northern Victoria were randomly selected and eight
pasture cuts were taken to ground level at points along a diagonal transect and immediately frozen in
liquid nitrogen. Samples were analysed for soluble carbohydrates and starch to determine NSC
concentration. Weather conditions on the days of the May and December sampling were favourable
for NSC accumulation, whereas in June solar radiation was low due to heavy cloud cover. In May,
white clover was lower (P<0.05) in NSC than AberDawn at all times and AberElan at 0800, 1100 and
1700. In June, NSC concentration of white clover was approximately 65% lower (P<0.05) than the
grasses, but in December, it was higher (P<0.05) than in both grasses. Differences between
AberDawn and AberElan in the concentration of NSC of herbage were small and generally not
significant. Expression of the WSC phenotype was apparently affected by the hotter conditions of
northern Victoria compared to the more temperate climate of the U.K. where the cultivars were bred.
Keywords: non-structural carbohydrate, water-soluble carbohydrate, perennial ryegrass, white clover
INTRODUCTION
The concentrations of water-soluble carbohydrate (WSC) in herbage has been implicated as an
important determinant of dietary preferences of grazing animals (Ciavarella et al. 2000). Further, in
studies where dairy cows were housed in individual stalls and offered ad libitum access to perennial
ryegrass (Lolium perenne L.), cultivars with high WSC were associated with higher dry matter intake
and milk production (Miller et al. 1999).
Diurnal WSC changes in plants may also influence animal performance. The concentration of herbage
WSC in C3 grasses increases during photosynthesis and declines overnight as a result of respiratory
losses. This diurnal variation in WSC coincided with temporal patterns of forage intake rates in sheep
(Orr et al. 1997) and has been associated with the preference for hay cut in the afternoon over that cut
in the morning (Fisher et al. 1999).
Perennial ryegrass cultivars that accumulate high concentrations of WSC have been developed in the
U.K. (Humphreys 1989) and provide a means to investigate the potential of WSC to enhance dietary
preferences and animal production. Information on the variation between high and low WSC
ryegrasses in Australia is limited. The purpose of this study was to compare diurnal soluble
carbohydrate concentrations in above-ground dry matter in two perennial ryegrass cultivars with
notionally contrasting WSC concentrations, plus white clover (Trifolium repens L.), throughout 24hour periods at three different times of the year.
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MATERIALS AND METHODS
Pasture types
Seed of two perennial ryegrass cultivars was obtained from the Institute of Grassland and
Environmental Research, Aberystwyth, U.K. The cultivars were AberDawn (Ba10727), an earlyheading cultivar bred to express high WSC concentrations and AberElan (Ba10761), an intermediateheading cultivar with typical WSC levels (M. Humphreys, pers. comm.). These were compared with
the white clover cultivar Kopu; seed of which was purchased locally.
Pasture establishment and management
Pastures were established at the Kyabram Dairy Centre (36°20′S., 145°04′E.) in September 1999.
Seed was sown as monocultures at 18 kg/ha for perennial ryegrass (AberDawn and AberElan) and 10
kg/ha for white clover. Plots were regularly flood irrigated and grazed approximately once per month.
Both ryegrass cultivars were moderately infected with crown rust (Puccinia coronata Corda f. sp. lolii
Brown) during February and March 2000.
Harvest details
On three occasions - 11th May, 28th June and 6th December 2000 - samples of each pasture type were
harvested for analysis of WSC at 3-hourly intervals over 24 hours. At each harvest, four replicate
plots (plot size: 0.084 ha) of each pasture were randomly selected. From each plot, eight pasture cuts
were taken to ground level at points along a diagonal transect and immediately frozen in liquid
nitrogen. Samples were subsequently freeze dried and ground through a 1mm screen. Air temperature
(°C) and total solar radiation (MJm-2day-1) data were recorded prior to and during the sampling days.
Chemical analysis
Soluble carbohydrates were extracted from 0.12 g of ground material twice with 80% ethanol at 60°C
for 15 minutes and twice with distilled water at 95°C for 15 minutes. After each extraction the
homogenate was centrifuged and supernatants combined. The soluble carbohydrates were analysed
using the phenol-sulphuric acid method (Dubois et al. 1956) with a modified phenol concentration.
Absorption was read at 490 nm. The insoluble residue was resuspended in 10 ml distilled water and
autoclaved at 121°C for 160 minutes for starch analysis. Glucose released during the starch digestion
was measured using a Sigma glucose detection kit. Non-structural carbohydrate (NSC) is defined as
WSC plus starch.
Statistical analysis
Natural log transformations were performed to stabilise variance. To account for correlated error
structures over time, a power model was used to compare carbohydrate concentrations between the
pasture types within May, June and December data sets, with statistical analyses carried out using
GenStat Release 4.2, Lawes Agricultural Trust (Rothamsted Experimental Station).
RESULTS
Non-structural carbohydrate concentration of AberDawn was similar to AberElan at all harvests
(Figure 1). In May, white clover had lower (P<0.05) NSC concentrations than AberDawn at all times
and AberElan at 0800, 1100 and 1700h. In June, NSC concentration of white clover was
approximately 65% lower (P<0.05) than the grasses, but in December, it was significantly higher
(P<0.05) than both grasses.
The peak NSC concentration in all pasture types was at approximately 1600h in May and 1800h in
December. The diurnal change in NSC at the December sample date was low, particularly in the
grasses. In the June samples, the herbage did not accumulate NSC during the day due to the overcast
conditions (Table 1), indeed NSC declined significantly (P<0.05) after 0800h.
Table 1. Weather data recorded on May 11th, June 28th and December 6th 2000. Figures in parentheses
represent average values for the months of May, June and December.
Air temperature (°C)
Minimum
Maximum
Total solar radiation (MJm-2day-1)

May 11th

June 28th

Dec 6th

8.2
18.9
11 (8.1)

1.3
10.9
4 (5.5)

10.8
24.5
24 (26.5)
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In all months, the NSC in the plants mainly consisted of WSC, particularly in the grasses; starch
concentrations ranged from 1.3–3.9 in the grasses and 0.6-6.8%DM in white clover.
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Figure 1. The diurnal variation in the concentration of non-structural carbohydrates in AberDawn ( )
and AberElan ( ) perennial ryegrass and white clover ( ) on (a) May 11th, (b) June 28th, and (c) 6th
December. Bars refer to standard error of the mean.

DISCUSSION
The changing balance between photosynthesis and respiration due to environmental conditions and
stage of plant development lead to carbohydrate concentrations in the plant changing throughout the
day. Ideal conditions for high NSC concentrations are clear skies to maximise photosynthesis, and
low night temperatures to minimise loss of carbohydrates through respiration (Fulkerson et al. 1998).
These diurnal cycles in NSC may influence the grazing behaviour (Orr et al. 1997) and dietary
preferences (Fisher et al. 1999) of ruminants.
On May 11th, with favourable solar radiation levels, the NSC of all plant types increased throughout
the day and declined after sunset. In contrast, the sampling in June took place on an overcast day with
intermittent rain and overall levels of NSC dropped significantly after the first sampling, reflecting the
depletion of storage carbohydrates to meet respiration demands. Although diurnal variation in June
was minimal, overall concentrations of NSC in the grasses were higher than observed in May and,
especially, December. Stage of pasture regrowth may have contributed to this as the grasses were the
3-leaf stage when harvested in May and 3.5-leaf stage when harvested in June. Fulkerson and Slack
(1994) reported a positive relationship between leaf number of perennial ryegrass and WSC
concentrations in leaf and stubble.
A diurnal pattern was evident in the concentration of NSC in December for white clover and the
grasses. At this time of year, white clover was significantly higher in NSC than the grasses, and the
NSC concentrations in the grasses were almost half of those recorded in winter. A higher dead matter
percentage (and lower leaf and stem percentage) in the grasses would have contributed to this decline
in NSC content during December. Further, at this time of year, leaf and stem NSC concentrations of
the grasses were significantly lower whereas in white clover, concentration of NSC in all plant parts
was similar across seasons (unpublished data).
The strong similarity between AberDawn and AberElan NSC concentrations was not expected. In the
U.K., Evans et al. (1996) reported consistently high levels of WSC in AberDawn compared to
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Ba11318 (a variety with similar WSC characteristics to AberElan). The peak in AberDawn WSC was
approximately 22% in autumn; similar to the 21% (NSC) average for ryegrass observed in winter of
this experiment. In Kyabram, Smith et al. (1998) have reported similar peaks in WSC concentration
of 25% in June for high WSC cultivars. They found that U.K. cultivars selected for high WSC had
consistently higher WSC concentrations in several environments around Australia, and that the high
WSC lines were more susceptible to crown rust than standard cultivars. The moderate levels of crown
rust through the previous summer and autumn may have contributed to the failure of AberDawn to
accumulate more WSC than AberElan in our experiment. In other work in southern Victoria,
Radojevic et al. (1994) reported differences in WSC concentrations between high and low lines of
perennial ryegrass.
It is concluded that expression of the WSC phenotype in AberDawn and AberElan was likely affected
by the hotter conditions of northern Victoria compared to the more temperate climate of the U.K.
where the cultivars were bred. This builds on our limited knowledge of how ryegrass lines bred for
higher WSC perform in comparison to ‘normal’ lines under field conditions in Australia. In addition
to our inability to predict how high WSC lines will perform, there are also gaps in our knowledge of
how animals will respond to changes in herbage WSC and how sensitive they are to differences in
WSC concentrations between plants. There are few examples in Australia that show an increase in the
WSC content of grass will lead to changes in dietary preferences and improvements to intake and
animal production. Therefore further work is needed to identify the benefits of feeding grass with
higher WSC, but this may be a difficult objective under Australian field conditions until plant material
becomes available that more reliably expresses high WSC.
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SUMMARY
The implications of high heat load (HHL) on feedlot cattle can be costly. Its impact is felt
economically and consumer perceptions of the beef industry can be tainted. Animal assessments such
as dry matter intake, body temperature, respiration rate and behaviour can be useful in providing
information on how well cattle are coping. However, used in conjunction with microclimatic factors
such as ambient temperature and humidity it has the potential to be a useful management tool from
which informed decisions can be made to alleviate the effects of HHL.
Keywords: cattle, feedlot, heat load, assessment, climate, welfare
INTRODUCTION
High Heat Load (HHL) occurs when a combination of local environmental conditions and animal
factors leads to an increase in body heat content beyond the animals normal physiological range, thus
decreasing its ability to cope.
Feedlot cattle deaths have occurred when adverse weather conditions have reached critical levels.
While these incidences are not common, they are, when they do occur, often severe. There have been
sizable losses of feedlot cattle associated with heat waves in the USA (Nebraska and Iowa, 1995 ~
4,000 head; Nebraska, 1999 ~ 5,000+ head) and Australia (Qld., 1991 ~ 3,000 head; NSW, 2000 ~
1300 head). Death events of these magnitudes are accompanied by performance losses in surviving
animals, which result in large economic losses and have serious animal welfare implications.
Importantly, and possibly more damaging to the beef industry, is that public perceptions are
negatively affected. The feedlot industry must project a positive proactive image to issues regarding
animal welfare such as summer time heat stress.
This paper reviews methods of assessing cattle exposed to high heat load conditions, and methods of
monitoring the climatic factors, which predispose these animals to heat stress.
ASSESSING THE ANIMAL
Before tactics to minimize heat load on cattle can be implemented an assessment of the current status
of the cattle is required. A number of factors can be used to assess the impact of HHL on feedlot
cattle. These factors include DMI, internal body temperature, respiration rate and animal behaviour.
Ideally all cattle in the feedlot should be assessed. Where this is not possible the most vulnerable
cattle should be monitored. Vulnerable cattle include the following: Non-adapted cattle of
predominately Bos taurus breeding, dark coloured cattle (black coated are most vulnerable, followed
by red), cattle that are close to finish (especially long fed cattle), newly arrived cattle (these animals
may still be suffering from the effects of transport, induction, mixing, etc) and sick cattle or cattle
recovering from illness. Assessment should commence prior to any anticipated periods of adverse
weather conditions.
Dry matter intake (DMI)
In general, DMI decreases when cattle are exposed to hot conditions. This is exacerbated when highenergy diets are used (Hahn 1996). The reduction in DMI is an attempt by the animal to bring
metabolic heat production in line with its heat dissipation capabilities (NRC 1981). However, DMI
may not always decline, especially when night time temperatures are low permitting recovery from
daytime temperatures, or if exposure to hot conditions is of short duration e.g. one or two days.
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Changes in DMI are further complicated by the energy density of the diet, animal condition, previous
exposure to hot conditions and days on feed.
Internal body temperature
Internal body temperature is probably the most useful method of assessing the thermal balance of
cattle (Shearer and Beede 1990). The normal rectal temperature (RT) for cattle is usually given as
38.3 ± 0.5 ºC (Anon 1991). However, RT is not constant and will rise and fall over a 24-hour period
(Hahn 1999; Gaughan 2002). Knowledge of the relationship between the circadian change in RT and
environmental thermal conditions is necessary if sound management decisions are to be made. The
diurnal rhythm for RT is often a reflection of the pattern of change in ambient temperature. Under
thermoneutral conditions RT lags ambient temperature by 8 to 10 hours (Hahn 1995; Holt et al.
1998), while under hot conditions lags of 2 to 5 hours are expected. This means that RT may peak at
2000 h, well after the hottest part of the day. Breed differences also need to be considered. Under hot
conditions the RT of Brahman, Hereford and crossbred steers peak at different levels and at different
times (Gaughan 2002). In addition to the circadian change, daily mean and amplitude values (i.e. the
differences between maximum and minimum RT) are greater when cattle are exposed to hot
conditions (Hahn 1995).
Rectal temperature is difficult to measure under field conditions. However, recent advances in
telemetry technology may allow real time reading of internal body temperature via radio transmission
from small devices placed in the rumen. This technology has considerable merit and may allow real
time assessment of cattle in the near future.
Respiration Rate
Respiration rate (RR) is a useful indicator of heat load in cattle because it is the first visual response.
RR is primarily influenced by ambient temperature. However, other factors such as solar radiation,
relative humidity and wind velocity also contribute to heat load and subsequently RR. Respiration
rate is easy to observe under field conditions, and is a useful assessment tool. When RR is used a
number of factors need to be considered. (i) RR should be used in conjunction with a panting score
(Mader et al. 2001) (Table 1); (ii) While RR increases with ambient temperature above 21 ºC, it does
not respond directly. RR tends to lag ambient temperature by 1 to 4 hours (Hahn et al. 1997).
Therefore, it is necessary to observe RR at least 4 hours before and 4 hours after the hottest part of
the day if possible; (iii) RR will reach a peak, and may then decrease. This does not necessarily
indicate that an animal is coping with HHL. On the contrary, it may indicate failure. Regular
assessment of RR is required (every 2 hours) in conjunction with other behavioural factors (discussed
below); (iv) RR may fall suddenly for a short period of time. This may indicate an attempt to balance
CO2/O2 levels in the blood; (v) Cattle with previous exposure tend to have higher RR at lower
temperatures; (vi) Body condition score, and (vii) time of day will also influence RR.
Table 1. Breathing Condition, Respiration Rate and Panting Score.
Breathing Condition
Respiration Rate A (bpm)
Panting Score
No panting (normal)
Less than 40
0
Slight panting, mouth closed
40 – 70
1
Fast panting, occasional open mouth
70 – 120
2
Open mouth + some drooling
120 – 160
3
Open mouth, tongue out + drooling
< 160B
4
A
Count respiration rate for at least 2 minutes. B At this stage, RR may decrease due to change to deep phase breathing.

Respiration rate is an effective management tool to assist in the decision making process in relation to
the heat load effects on feedlot cattle, and should be used as part of summer management. During
periods of hot weather RR of vulnerable cattle should be assessed before 0800 h, and then at 2-hour
intervals at least until 1800 h. Cattle with a panting score of 4 would be considered to be in danger.
Without some form of relief from HHL, death is a distinct possibility.
Behaviour
Changes in behaviour are important considerations when assessing the effects of heat load.
Behavioural change is primarily an attempt to maintain acceptable comfort levels. Changes in
behaviour due to environmental stressors are variable (Ingram 1978). Behavioural changes include:
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(i) body alignment with solar radiation – cattle will face the sun in an effort to reduce exposure to
solar radiation; (ii) shade seeking – non adapted Bos taurus cattle will seek shade from 20 ºC, while
adapted cattle will seek shade from about 28 ºC (Bennett et al. 1985; Gaughan et al. 1998); (iii) time
spent standing – does not appear to be influenced greatly by HHL (Hoffman and Self 1973; Bennett
et al. 1985); (iv) crowding over water trough – there is field evidence that shows cattle exposed to
HHL crowding around water troughs; (v) agitation/restlessness – cattle moving as a ‘herd’ from one
end of the pen to the other, or just generally mill about; (vi) bunching – is a phenomena seen in both
cattle and sheep. During periods of hot weather, especially where there is little shade, cattle may
bunch together. This may occur as cattle attempt to gain shade from another animal, or due to the
basic herding instinct of cattle when exposed to stressors; (vii) changes in respiration rate – see
above.
ASSESSING THE MICROCLIMATE
The standard meteorological procedures to measure the physical environment are: ambient
temperature (Ta), relative humidity, solar radiation, wind speed and rainfall. Ammonia levels within a
feedlot pen may also be an important factor (MLA 2001). Whilst these are reasonable assessments of
climatic conditions in a region or at a site, they are not always directly equivalent to the microclimate
of a feedlot pen.
Climatic conditions
There are a number of climatic conditions that may predispose feedlot cattle to heat stress. Managers
need to monitor weather conditions, especially 3 and 5 day weather predictions. While these have not
always been reliable they do form a basis from which management decisions can be made. These
predictions need to be considered with other climatic factors. For example when mean Ta increases by
approximately 7 ºC over a 2-week period, were there is little or no air movement, where there has
been 2 or more days with little nighttime relief, and where high temperatures (30 ºC+) follow within 1
to 3 days of a significant rainfall event (Mader et al. 2001; MLA 2001). Each of these may contribute
significantly to the heat load. Wind speed, or a lack thereof appears to be a significant factor
contributing to heat load. Observations of feedlot cattle confirm that the heat load effects can be
exacerbated by low wind speed, even when Ta decreasing (S. Lott, pers. comm.).
Temperature Humidity Index (THI)
When assessing the impact of the climatic environment on cattle, there is a need to estimate the
combined thermal effects of the components of the physical environment. Combining all or some of
the meteorological measures into a single index is standard. A number of indices have been
developed, generally for use with humans. However, a few have been used in conjunction with
livestock. Of these, the THI has been extensively used.
THI = (0.8 x Ta) + [RH x (Ta – 14.3) + 46.3, where Ta = dry bulb temperature (ºC), and
RH is expressed an decimal form (Thom 1959).
The index was developed in the late 1950s as a measure of human discomfort (Thom 1959). In the
1960s the index was adapted for use by the dairy industry as a tool to evaluate the combined effects
of Ta and humidity on DMI and milk yield (Kibler 1964). Although THI is simplistic it is currently
the best ‘heat stress’ indicator for feedlot cattle, and can account for up to 78% of an animals
response to the climatic environment (Gaughan 2002). The risk of loss due to excessive heat and
humidity have been determined by Hubbard et al. (1999) as (i) the total number of days with THI ≥
84; (ii) the duration of the event; (iii) the magnitude of the event; and (iv) the degree of recovery
during an expected hot period (number of hours with THI ≤ 74). Four assessment phases of heat load
can be used in feedlots.
Alert Phase – THI less than 79. Mild heat load effects on vulnerable cattle, especially where air
speed is > 5 km/h. It is time to think about implementation of heat load reduction tactics.
Danger Phase – THI 79 to 83. Strong to severe heat load effects on cattle. Death not likely but is
possible, especially where there is little air movement (i.e. < 5km/h), and/or within 1 to 3 days of a
significant rainfall event. Sick animals may be at risk.
Emergency Phase – THI 84 to 89. Severe to extreme heat load effects on cattle. Death possible in
vulnerable cattle without access to shade and/or sprinklers, especially where there is little air
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movement, within 1 to 3 days of a significant rainfall event, has been little nighttime relief, cattle are
at a condition score (CS) of 4+, have dark coloured coat, sick or recently arrived.
Crisis Phase – THI 90 or above. Death possible in all cattle even with access to shade and/or
sprinklers, especially where there is little air movement, within 1 to 3 days of a significant rainfall
event, has been little nighttime relief, and cattle are at a CS of 3+, have dark coloured coat, sick or
recently arrived.
The assessment criteria should be used in conjunction with cattle behaviour, especially RR rate. The
animal can be used to further gauge the severity of the heat load. If RR is above 80 breaths per minute
(bpm) even under the alert phase there could be a pending problem, and management action may be
necessary. Conversely there may be times when THI is high, but due to high winds the heat load
effects may be reduced.
THI-Hour
THI-hour is an adaptation of THI incorporating a time dimension to improve assessment. This is
achieved by recording the amount of time (h) that THI is above a threshold index (Hahn et al. 1999).
The threshold index is based on the vulnerability to HHL. THI-hours are calculated by the equation:
THI-hours = Σ (hourly THI – THI threshold) to obtain the accumulated heat load each day. The
accumulated THI-hours indicates the severity of the thermal load on the animal. An accumulated 15
to 20 THI-hours or more per day above a threshold of 84 for two or three days is likely to cause death
in vulnerable cattle. THI-hours can also be used to calculate recovery time. The best recovery from
heat load is where THI is below 70 for at least six hours. Recovery time is calculated by the following
equation. THI-hours = Σ (70 - THI threshold). The amount of recovery time, essentially needed to
bring body temperature back to ‘normal’, is dependent upon the number of THI-hours above a given
threshold, and other factors such as wind speed and condition of cattle.
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SUMMARY
The strategic use of quantitative pasture information is critical for optimising feed resource utilization
for the grazing industries in medium-high winter rainfall regions of Australia. It also offers significant
potential to produce agricultural commodities such as wool to a budgeted specification. Satellite
technology can provide comprehensive pasture biomass and growth rate information on a spatial basis
at a paddock, farm or regional level and national scale, delivered near real time via the Internet or fax.
This paper reports the satellite-based pasture products developed by CSIRO Livestock Industries and
some of their on-farm applications.
Keywords: feed-on-offer, pasture growth rate, remote sensing, satellite
INTRODUCTION
The utilisation of pastures by grazing animals is low. Estimates by the Department of Agriculture
(WA) show that in many seasons the amount of feed grown that is consumed by sheep varies between
20 and 30% (Michael et al. 1997). Economic analyses indicate that better utilization of pastures could
double farm profit – for every 5% increase in utilization, profit increases by $10/ha/year (J. Young,
pers. comm.). In order to better capture the benefits of increased utilisation, producers must be able to
feed budget with timely and accurate estimates of pasture biomass and growth rate.
Producers that are able to feed budget and strategically manage their grazing system can also benefit
significantly in the quantity and quality of wool produced. Research conducted by the wool program
of the Department of Agriculture (WA) showed that controlling feed intake over winter/spring
produced more wool per hectare with less variation on fibre diameter which conveyed increased
returns via a finer and stronger product. Concurrent studies using the ‘measure as you grow’ approach
are monitoring the pasture production and wool quality throughout the season, and developing new
tools that will enable wool producers to produce wool to budgeted specifications (Oldham et al. 2002;
House et al. 2002)
In recognition of the benefits of being able to quantify pasture biomass and growth rate, a number of
producer training and education networks have been established (eg WoolPro, Prograze etc). These
networks aim to train producers to better evaluate their pastures, and hence change their grazing
management to reap the benefits of increased pasture utilization and product specification. However,
market research has shown that most producers do not have the time nor the confidence to make
estimates themselves. Further, they cannot physically cover each part of every paddock at a regular
interval to obtain an accurate measure of the spatial variation in the estimates.
Measurement of feed on offer and pasture growth rate using satellites (Edirisinghe et al. 2000) may be
the solution for accurate and timely delivery of pasture information on a spatial basis. This technology
provides instantaneous mapping of pasture on regional, catchment or paddock scale. In addition to
feed budgeting applications, it may also be used to identify areas of poor productivity due to nutrient
status, salinity, insect damage, etc and enable timely remedial action. It will also allow precision
agriculture techniques typically applied in the cropping industries to be employed in grazing
enterprises.
This is the first in a consortium of papers in this volume describing the satellite technology, its
delivery and potential on-farm applications and benefits. Oldham et al. (2002) describe the ‘measure
as you grow’ technique that monitors changes in fibre diameter of flocks and which is being coupled
with the satellite technology to allow producers to increase their pasture utilization and meet budgeted
targets for wool quality and quantity. House et al. (2002) report on case studies exploring the results of
this ‘measure as you grow’ approach and Sneddon and Mazzarol (2002) report on market research
assessing the delivery and application of the remote sensed information for producers.
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MATERIALS AND METHODS
Satellite technology
There are numerous satellite platforms available, each with varying overpass frequency, different
sensor capabilities and resolutions. Currently we use geo-located satellite imagery that provides a
normalised difference vegetation index (NDVI). The NDVI is a measure of the relative use of
photosynthetically active radiation by plant canopies. This is a qualitative index that is best explained
as a ‘greenness’ index. The novelty in our technology is the quantification of this NDVI into
meaningful measures of feed on offer and pasture growth rate.
The consortium of CSIRO Livestock Industries, Department of Agriculture (WA) and the WA
Department of Land Administration has developed and validated two technologies:
1. Feed on offer (FOO)
This is a measure of green pasture biomass (kg dry matter/ha). It is estimated using an empirical
relationship developed between the NDVI and actual feed on offer.
2. Pasture growth rate (PGR)
Pasture growth rate (kg dry matter/ha/day) is estimated from the same NDVI, combined with
coincident climate layers in a light use efficiency model.
Other secondary products such as net pasture production can then be derived from these values.

Table 1. Details of satellite and sensors currently used to measure feed on offer and pasture growth rate
Feed on offer
Pasture growth rate
Satellite/Sensor
Landsat Tm
SPOT
NOAA AVHRR
MODIS1
2
Overpass frequency
16 days
3-26 days
Daily
Daily
Resolution
30m
20m
1.1km
250m
1
MODIS will become available in 2002
2
Availability of SPOT imagery varies because the sensor on the satellite is tiltable. Orbit frequency is 26 days.

RESULTS
The technology has been developed and calibrated since 1995 in the wool production zone of
southwest Western Australia (Edirisinghe et al. 2000; Hill et al. 1998). This region has an annual
rainfall of 500-750mm and consists predominantly of annual plant species. In 2001, we commenced
validation of the technology in other regions of southwest WA as well as selected sites in South
Australia, Victoria and New South Wales. We aim to expand the technology across temperate and
Mediterranean environments of southern Australia, encompassing annual and perennial pasture
systems.
All remotely sensed estimates were compared directly with ground-truthed measurements. All sites
within WA were established and monitored by the Department of Agriculture (WA). Pasture growth
rate was measured using pasture exclosures located along georeferenced transects across the major
land management units within a paddock. Growth rate was calculated at 4 week intervals throughout
the growing season using NOAA AVHRR imagery. The NDVI was combined with climate variables
such as temperature indices, radiation and soil moisture in a light use efficiency model to estimate
growth rate (Edirisinghe et al. 2000).
The basic pasture growth rate product from the NOAA AVHRR imagery has a resolution of 1.1km.
From 2002, use of MODIS imagery will improve this resolution to 250m. When using the coarse
resolution NOAA imagery, Hill et al. (unpubl. data) devised a method for scaling these large pixel
estimates to a farm paddock scale - land management units were classified on the basis of soil and
topographic properties and each one assigned an index of relative potential productivity. Pasture
growth rate was then scaled for each land management unit according to its relative potential
productivity.
Feed on offer was measured in the field along the georeferenced transects using visual estimation estimates were calibrated against quadrat (0.1m2) samples harvested to ground level using a scalpel,
sorted to remove non-green vegetative material, washed and dried at 60oC. Direct comparisons were
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made between the ground-truthed measurements and that predicted from the satellite imagery
(Edirisinghe et al. 2000).

Pasture growth rate
(kg/ha/day)

Validity of the satellite estimates
Edirisinghe et al. (2000) showed that both pasture growth rate and feed on offer predicted using
satellite imagery was significantly correlated with ground-truthing measurements. Figure 1 shows the
mean predicted and observed pasture growth rate values for one property in south-west WA. When a
number of field sites were combined (five sites each consisting of annual pastures) the generic
predictive relationship had an R2 of 0.7 (p<0.05). Feed on offer was predicted with a standard error of
±10%.

Figure 1. Pasture growth rate (kg/ha/day) measured using pasture cages ( • • ) and predicted using
satellite imagery (
) over 4 years, 1995 – 1998. Data shown is for a wool property at Kojonup, southwest WA (Hill et al., unpublished).

DISCUSSION
The accuracy of remote sensed pasture information is difficult to define due to the marked difference
in scale; it is a comparison of 1m x 1m cages (for pasture growth rate) or point estimates of feed on
offer versus a minimum of 20 to 30m imagery resolution. Despite this, feedback from producers
indicates that many of them do not consider themselves accurate enough to visually estimate either
pasture growth rate or feed on offer and are hence enthusiastic about what the satellite technology can
provide. It also provides instantaneous spatial mapping of an entire paddock, farm or region, and is a
significant time saver.
Remote sensed pasture information such as feed on offer and pasture growth rate can be delivered to
the market in a number of ways, whether it be delivered to consultants, advisors or direct to producers.
Market research detailing market segmentation, preferred delivery mechanisms, and product
composition is being addressed in the accompanying paper by Sneddon and Mazzarol (2002). An
example of a farm map product is shown in Figure 2.
One attractive feature of being able to produce farm maps is that each individual pixel is quantified for
a level of feed on offer. This enables assessment of within paddock variation and the use of ‘precision
agriculture’ techniques that are usually employed in the cropping enterprise.
In 2001, we launched two websites publishing feed on offer and pasture growth rate information in
WA. Regional pasture growth rate is shown at a 1.1 x 1.1km resolution at http://www.pgr.csiro.au.
Delivery of individual farm (paddock scale) information is demonstrated at
http://spatial.agric.wa.gov.au/foo.
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Feed on offer = 2550 kg/ha
Feed on offer = 450 kg/ha

Figure 2. Farm map showing distribution of feed on offer within and between paddocks.

This technology offers significant potential for strategic management of grazing enterprises, including
sheep, beef and dairy enterprises. It also has applications in native vegetation planning, strategic land
use, finance and insurance applications because it provides quantitative assessment of the productivity
of land and hence it’s agricultural value. Feed on offer and growth rate are only the first in a suite of
pasture-based information tools. We are currently developing hyperspectral technology to estimate
pasture quality (such as protein content and digestibility) and botanical composition, and radar-based
technology to measure biomass of dry feed and ensure year-round timely delivery unaffected by cloud
cover. Remote sensing is a rapidly advancing and innovative field that promises many exciting
opportunities. It will be a challenge to keep pace with the developments, and to deliver practical
outcomes to a diverse market. Our vision is to deliver, near real time, remote sensed and spatial
pasture information directly to producers and agribusiness via the Internet.
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SUMMARY
The aim of this experiment was to determine whether divergent selection of parents on post-weaning
residual feed intake (RFI) was accompanied by differences in feed efficiency in steer progeny on
pasture. The Angus steers were the progeny of approximately one generation of divergent selection
for low RFI (high efficiency; HE) or high RFI (low efficiency; LE). Pasture intake by 22 HE-line and
31 LE-line steers was measured during Spring using the alkane technique. The two groups of steers
were of similar age (mean 15.5 months) at the start of the pasture-intake measurement period.
Comparison of alkane profiles of pasture species and in faeces indicated that the steers were
consuming predominately perennial ryegrass (Lolium perenne) and some tall fescue (Festuca
arundinacea), with a trend (P<0.1) for the steer progeny of HE parents to have a higher proportion of
ryegrass in their diet. Digestibility of dry matter (DM) in the diet consumed was not associated with
genetic variation in RFI (P>0.1). Steers from the HE-line tended to grow faster than steers from the
LE-line (0.50 v 0.42 kg/day; P<0.1), consistent with the negative regression coefficient for ADG with
mid-parent Estimated Breeding Value (EBV) for RFI (-0.11; P<0.05). The difference in daily feed
intake between the selection lines was not significant (3.04 v 3.23 kg DM/day; P>0.1), nor was the
regression coefficient with mid-parent EBV for RFI (P>0.1). Feed conversion ratio (FCR) was 6.36 ±
0.35 (se) for HE-line steers and 8.51 ± 0.74 for LE-line steers but this difference was only significant
at P=0.1. The positive regression coefficient for FCR with mid-parent EBV for RFI (2.9; P<0.1)
provided further evidence for low RFI in the parents being genetically associated with superior
efficiency of feed conversion on pasture of the steer progeny.
Keywords: steers, residual feed intake, selection, pasture intake, alkanes
INTRODUCTION
Feed is a major cost of beef production. Residual feed intake (RFI) measures variation in feed intake
that is independent of body size and growth rate. It is calculated as the amount of feed consumed by
an animal less its expected requirements for maintenance and production. Animals considered to be
the more efficient are those that eat less than expected for their size and growth rate, and have lower
RFI. Post-weaning results from British breed cattle fed a medium quality ration have demonstrated
that variation in RFI exists, and that the trait is moderately heritable (Arthur et al. 2001). Selection
against post-weaning RFI has being shown to improve the feed efficiency of bull and heifer progeny
in post-weaning tests for RFI (Herd et al. 1997) and of steer progeny when fed in a feedlot
(Richardson et al. 1998). There is also evidence for a favourable phenotypic association between postweaning RFI and cow/calf efficiency on pasture (Herd et al. 1998). The aim of this experiment was to
determine whether divergent selection of parents on post-weaning RFI was accompanied by
differences in feed efficiency in steer progeny on pasture.
MATERIALS AND METHODS
Experimental animals
The Angus steers were born in July/August 1997 at the NSW Agriculture Research Centre, Trangie
NSW, of high efficiency (HE) or low efficiency (LE) parents selected on postweaning RFI (details of
selection procedure described in Herd et al. 1997). The steers represented the result of approximately
one generation of divergent selection for RFI. The steers were weaned in March 1998 and then
trucked to the NSW Agriculture Research Station "Shannonvale", near Glen Innes in northern NSW.
They were grown on improved pastures. Pasture intake by 23 HE-line and 31 LE-line steers was
measured during December (Spring) 1998 using the alkane technique previously described by Herd et
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al. (1998). The two groups of steers were of similar age (mean 15.5 months) at the start of the pastureintake measurement period.
Procedures
The steers were weighed off pasture (no fasting) 19 days before dosing with synthetic alkanes, then
again on the day of dosing (day 0), 14 days later (day 14) and 65 days after dosing. Average daily gain
in LW (ADG) by each steer over this period was calculated by linear regression of its LW on date of
weighing. Mid-test LW was taken as the average of LW on day 0 and day 14. On day 0 faecal samples
were taken from eight steers to determine natural levels of alkanes in faeces. Each steer was dosed
with an intra-ruminal controlled-release device (CRD). The CRDs were manufactured by K. Ellis
(CSIRO, Chiswick, NSW; batch number 950118-2) to contain 4 g of each of C32 and C36 and were
expected to release 200mg/day of each alkane over 20 days. Pasture species were sampled for
subsequent determination of their alkane content. Samples were cut to be representative of the plant
parts observed to being eaten by the steers. On days 7, 9, 11 and 14 faecal samples were taken from
all the steers. Ten steers were sampled again on days 18, 21 and 22 for the purpose of using the alkane
profiles in their faeces to confirm expiration of the CRDs. Faecal samples were taken mid-morning.
Samples of pasture plants and faeces were oven-dried (70ºC), ground (1mm sieve) and analysed for
their alkane content using previously described methods (Hegarty et al. 2000).

Faecal alkanes (mg/kg DM)

Preliminary examination of the alkane present in faeces found one HE-line steer had faecal
concentrations of C36 that never exceeded 11 mg/kg DM which indicated that either the steer had spat
up its CRD or that the CRD failed to release alkane. Results for this steer were not used. The profile
of alkanes in faeces (Figure 1) showed that levels of C32 and C36 had returned to natural levels by
day 18 indicating that the CRDs had expired earlier then the expected 20 days. By day 14, 10 of the
53 steers (19%) had faecal C36 concentrations of less than 100 mg/kg DM suggesting that their
alkane cores had began expiring the previous day. It was therefore assumed that the CRDs had
released alkane over only 13 days and the expected daily dose rate for each of C32 and C36 was
revised upward to 308 mg/day. Pasture intake by steers in this experiment was calculated based on
faecal samples collected on days 7, 9 and 11 after dosing with CRDs.
1400
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Days after dosing with alkane CRD
Figure 1. Alkane profiles of faeces sampled at time of dosing with synthetic C32 and C36 alkanes
contained in controlled-release intra-ruminal devices (Day 0) and on days subsequently

The diet of each steer on days 7, 9 and 11 was computed by comparing the profile of alkanes in faeces
with that of the pasture species considered to be eaten by the steers. For this purpose only alkanes
naturally present at concentrations above 10 mg/kg dry matter (DM) in pasture were used in
calculations. The pasture species considered to be on offer to the steers are given in Table 1. Rat's tail
fescue and soft brome had very similar alkane profiles and were considered together as "annual
grasses". Diet estimation required upward adjustment of alkane concentrations in faeces to
compensate for their imperfect recovery in faeces. Recovery values used were the means of published
values for naturally occurring alkanes in cattle faeces summarised by Lee (2001). They were for C27
0.64, C28 0.70, C29 0.74, C30 0.75, C31 0.78 and C33 0.82. Diet composition was calculated by nonnegative least-squares regression. For each steer, the concentration of each alkane in faeces was
regressed against the concentration that alkane in each pasture species and the regression coefficient
86.

Anim. Prod. Aust. 2002 Vol. 24: 85-88

for each species restricted to being greater than or equal to zero. The regression coefficients are the
weight of DM for each pasture species eaten to produce the alkanes contained in one kilogram of
faeces DM: their sum is the weight of DM consumed to produce one kilogram of faeces DM.
Digestibility of the diet (DMD_diet) was calculated as (DM_consumed - 1)/DM_consumed. Means
over days 7, 9 and 11 for diet composition and DMD_diet were then calculated for each steer.
Table 1. Alkane profiles of major pasture species available to be eaten by the steers
Pasture species
Tall fescue
(Festuca arundinacea)
Perennial ryegrass
(Lolium perenne)
Sorrel
(Rumex acetosella)
Brome
(Bromus molliformis)
Rat's tail fescue
(Vulpia myuros)

Alkane content (mg/kg dry matter)
C29
C30
C31
C32
331
25
520
11

C27
75

C28
8

C33
117

C36
0

165

27

490

31

578

9

39

0

200

38

832

15

138

2

30

3

68

21

477

19

353

9

59

0

109

18

441

30

264

10

27

0

Intake of dry matter and faecal output by each steer on day 7, 9 and 11 were calculated using
published formula (Herd et al. 1998), based on the C31:C32 ratio and C36 levels respectively, and
after adjusting faecal alkane concentrations for assumed differences in recovery. The recovery value
used for C32 was 95%; being midway between the recovery values of 94% and 96% for C32
previously reported in other studies using similar CRDs (Herd et al. 1996; Dicker et al. 1996). It is
apparent from Figure 1 that the recovery in faeces of dosed C36 was lower than for dosed C32 as both
were released from the CRD in equal amounts. Lower recovery of C36 compared to C32 from these
CRDs has been previously observed (Herd et al. 1996; Herd et al. 2002). A recovery value for C36 of
82% was adopted because it produced an adjusted concentration of C36 in faeces over days 7 to 11
that was equal to the difference between C32 and C36 in faeces on days 0, 18, 21 and 22 when
synthetic alkanes were not present. Average daily feed DM intake (ADFI) and faecal output (ADFO)
for days 7, 9 and 11 were calculated for each steer. Digestibility was also determined from the
difference between feed intake and faecal output (DMD_FI). Means over days 7, 9 and 11 for ADFI,
ADFO and DMD_FI were then calculated for each steer. Feed conversion ratio (FCR) was calculated
as ADFI/ADG.
Statistical analyses
Differences in performance between HE-line and LE-line steers were analysed in a mixed model
analysis of variance with selection line fitted as a fixed effect and sire-within-line as a random effect.
Selection line differences were tested against the sire-within-line mean squares. The low number of
animals in this experiment meant that this approach lacked the power to detect all but large
differences between selection lines. An alternate approach was used to detect whether there was
evidence for a genetic association of parental RFI with variation in traits measured on their progeny.
Estimated Breeding Values (EBVs) for RFI for the sires and dams of steers in this experiment had
been previously calculated using a best linear unbiased prediction animal model and genetic
parameter estimates from progeny tests for postweaning RFI reported by Arthur et al. (2001). Midparent EBVs for RFI ranged from -0.52 to +0.61 kg/day (mean 0.08, sd 0.34 kg/day). Statistically
significant regression coefficients were presumed evidence for a genetic association.
RESULTS AND DISCUSSION
Alkane profiles in faeces indicated that steers from the RFI selection lines were consuming a similar
diet of predominately perennial ryegrass and some tall fescue (Table 2). The slopes of the regressions
for proportion of ryegrass and fescue in diet against mid-parent EBV for RFI were negative and
positive, respectively (P<0.1). This meant that there was trend for the steer progeny of parents with
EBVs for low RFI to have a higher proportion of ryegrass, and less fescue, in their diet than progeny
from parents with EBVs for high RFI, even though the magnitude of the differences between the
means for the selection lines was not statistically significant. Digestibility of DM calculated using the
patterns of naturally-occurring alkanes in pasture and faeces (DMD_diet), and from the difference
between ADFI and ADFO measured using dosed synthetic alkanes (DMD_fi), was very similar: about
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56% and 54% respectively, and gives some credence to the recovery values used in the calculations.
There was no evidence that the digestibility of the DM in the diet eaten differed between the selection
line progeny groups or varied in association with mid-parent EBV for RFI.
Table 2. Diet selected, growth, feed intake and feed efficiency of Angus steer progeny of parents selected
for low RFI (high efficiency) or high RFI (low efficiency). Results are presented as selection line means ±
se and as regressions coefficients with mid-parent EBV for RFI
Trait
Number of steers
Diet DM digestibility (DMD_diet; %)
Ryegrass in diet (%)
Fescue in diet (%)
Average daily gain (kg/day)
Mid-period liveweight (kg)
Average daily feed intake (kg DM/day)
Feed conversion ratio

Low RFI
22
55.4 ± 1.0
83.5 ± 2.0
16.5 ± 2.0
0.496 ± 0.023
387 ± 7
3.04 ± 0.11
6.36 ± 0.35

High RFI
31
56.0 ± 0.5
78.0 ± 1.8
22.0 ± 1.8
0.415 ± 0.019
380 ± 6
3.23 ± 0.14
8.51 ± 0.74

Signif.

Regression

ns
ns
ns
†
ns
ns
ns

0.01ns
-0.07†
0.07†
-0.11*
-3.5ns
0.28ns
2.94†

ns P>0.1; † P<0.1; * P<0.05.

There was no difference between the selection lines in LW, nor evidence of association with parental
EBV for RFI. Steers from the low RFI selection line tended to grow faster than those from the high
RFI line (Table 2), consistent with the negative regression coefficient for ADG with mid-parent EBV
for RFI. The difference in ADFI between the selection lines was not significant nor was the regression
coefficient with mid-parent EBV for RFI. Feed intake relative to growth (FCR) appeared to be twounits lower (better) in the low RFI selection line steers but this difference was only significant at
P=0.1. The positive regression coefficient for FCR with mid-parent EBV for RFI provided further
evidence for low RFI in the parents being genetically associated with superior efficiency of feed
conversion on pasture of the steer progeny.
Selection against post-weaning RFI has been shown to improve the feed efficiency of progeny in postweaning tests for RFI (Herd et al. 1997) and when fed in a feedlot (Richardson et al. 1998). There is
also evidence for a favourable phenotypic association between post-weaning RFI and cow/calf
efficiency on pasture (Herd et al. 1998). This experiment has demonstrated a favourable response in
growth and feed efficiency of steers on pasture following selection of their parents for low postweaning RFI. Together these results suggest that it is possible to genetically reduce the amount of
feed required by beef cattle without compromise to production (ie. to size and growth rate): an
improvement in the profitability of beef production should follow.
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THE USE OF BAKERY WASTES IN FEEDLOT RATIONS FOR SHEEP
R.F. HETHERINGTON and G.L. KREBS
Muresk Institute of Agriculture, Curtin University of Technology, Northam, WA 6401

SUMMARY
Intensively feeding animals can be a costly exercise, and as a result many producers are exploring
innovative ways to reduce their input costs. Commercial by-products from the human food industry (eg
brewers grain, citrus pulp and apple pulp) have recently become popular in animal production. Bakery
waste displays favourable characteristics for animal production, however, limited information is available
on its use in feedlot rations.
A feeding trial was undertaken to determine if bakery waste could be successfully incorporated into a
production ration for intensively fed sheep. The dietary treatments consisted of three inclusion levels of
bread, viz 0, 25 and 50%. All diets were formulated to be isonitrogenous and isoenergetic. Twenty one
merino weaners were randomly allocated to one of the three treatment groups and fed these rations for a
total of 70 d. The bread used consisted predominantly of sliced bread and bread rolls, products containing
fruit were not included. The bread was dried and crushed prior to incorporation into the rations.
There was no significant difference in live weight gain between the treatments. Feed intake was
significantly lower (P<0.05) for the 50% bread group compared to the control, and feed conversion ratios
and wool growth (both length and fibre diameter) tended to be higher in the 50% bread group. No clinical
signs associated with digestive upsets were evident and thus bread can be successfully incorporated into
feedlot rations for sheep at both 25 and 50% inclusion levels.
Keywords: bakery wastes, sheep
INTRODUCTION
Intensively feeding animals can be an expensive exercise. Traditional grains (e.g. oats, barley and lupins)
can vary substantially in price from one season to the next due to commodity prices and seasonal demand.
Human food by-products offer an alternative source of feed for animals and large amounts of factory
seconds, waste and stale food are discarded from a number of different food industries every day.
There has been very little documented evidence of the feeding of by-products in rations for sheep. This
can be attributed to the fact that until relatively recently the feedlot production of sheep has not been a
popular practice, however, in the future feedlotting will become more common as export markets grow
and carcase specifications become more precise. Feedlot production of cattle has been a widely accepted
practice since the late 1960s and the beef feedlot industry has evolved and tried many alternative energy
and protein sources in rations (Boda 1990).
Bakery waste is a by-product from the commercial food industry. Unlike many other commercial
foodstuffs bakery waste is constantly available due to the perishable nature of bread for consumer use.
Bakery waste includes sliced bread, rolls, croissants, cakes and biscuits, which could be mixed together to
form the basis of a ration. Champe and Church (1980) conducted a bread digestibility trial with sheep and
found that digestibility was higher in the bread-based diet compared to the basal (0% bread) diet.
Anecdotal evidence suggests that bakery wastes are used by a number of farmers in small intensive sheep
and cattle operations, but there is very little knowledge pertaining to appropriate feeding levels and
associated production levels.
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MATERIALS AND METHODS
Experimental animals, design and diets
Twenty one Merino wether weaners, aged approximately 12 months and weighing 30 (± 1.5 SD) kg
initially, were allocated to individual pens, which had slatted floors, feed trough and nipple water delivery
system. The sheep were randomly allocated on a stratified weight basis to one of the three experimental
diets. The test diets were formulated by replacing (w/w) 25 and 50% of the basal diet with dried bread.
The bread used consisted predominantly of sliced bread and bread rolls; bread products containing fruit
were not included. The bread was dried at 75°C for 13 h in a fan-forced oven then placed in chaff bags
and crushed. The nutritive value of the ingredients used in the rations and the composition and nutritive
value of the experimental diets are shown in Table 1. The diets were designed to be similar in CP and ME
content. On analysis, however, variations in CP content were observed. Despite these differences, the CP
content of all diets were within the requirements for weaner sheep.
Table 1. Composition and nutritive value of the three experimental diets.
Ingredient
Lucerne chaff (16.9% CP, 9.1 MJ ME/kg DM)
Wheaten chaff (8.6% CP, 7.7 MJ ME/kg DM)
Lupins (35.9% CP, 13 MJ ME/kg DM)
Oats (10.7% CP, 12 MJ ME/kg DM)
Bread (15.8% CP, 12 MJ ME/kg DM)
Rumensin
Mineral premix
Total ration:
CP (%)
ME (MJ/kg DM)*

Control
12.5
33.3
33.3
20.4
0
<0.01
0.5

Inclusion level (%)
25% bread
0
41.2
33.3
0
25
< 0.01
0.5

50% bread
0
29
20.5
0
50
<0.01
0.5

19.2
10.5

19.4
10.4

17.8
10.6

Procedures
Feeding. During the first two weeks of the feeding trial the sheep were gradually introduced to their
bread-based diets. This involved initially feeding 20% of the total bread to be fed (the balance outstanding
fed as a mixture of oats and lupins), and doubling this amount until the final level was reached. The sheep
were fed daily 1100 g DM of the experimental diets for the duration of the feeding trial
Measurements. The animals were weighed at the beginning of the feeding trial, and every week
thereafter. Weighing was done prior to feeding to minimise the effects of gut fill. There was a general
observation of health and any behavioural changes of the sheep that occurred during the feeding trial.
Feed refusals were collected and weighed daily to determine daily feed intake. Feed conversion ratio
(FCR) was calculated from feed intake and live weight gain (LWG).
Linear wool growth was determined using the dyebanding technique (Wheeler et al. 1977). A dye
solution made of Nako-H was applied (at the start of the feeding trial) to wool follicles at skin level on the
midside of the fleece. The midside patch was clipped at the end of the trial and linear wool growth was
measured using a steel rule. Nine staples along the dyeband were randomly selected for measurement and
the average of the nine was recorded. The fibre diameter of the samples was determined using Laserscan
(Australia Fibre Testing, York, WA).
On the 70th day from the commencement of the trial, the sheep were weighed to determine their final live
weights. That same afternoon two sheep from each treatment were randomly selected and slaughtered,
their carcases weighed (hot carcase weight), split longitudinally and, from the left side of the carcase, the
‘C’ and ‘G R’ measurements taken to determine carcase scores. (The ‘C’ measurement is taken in the
groove between the 12th and 13th ribs, 50 mm out from the spine over the middle of the eye muscle; the
‘GR’ measurement is taken at the 12th rib, 110 mm out from of middle of the spine). All carcases were
inspected for abnormalities in the meat and the major body organs were visually examined.
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Statistical analysis
Treatment means LWG, feed intake (DMI), FCR and linear wool growth and fibre diameter were
compared using analysis of variance, with differences between treatment means determined using the least
significant difference (P<0.05) procedure.
RESULTS
Feed intake, live weight gain and FCR
The average daily DMI, LWG and the FCR for the three treatment groups are shown in Table 2. There
was no significant (P>0.05) difference in LWG between the three dietary treatments, with all sheep
progressively gaining weight throughout the trial. There was no evidence of any clinical signs associated
with digestive upsets in any of the animals.
Table 2. Average daily live weight gain, feed intake and feed conversion ratios for sheep fed feedlot rations
containing 0, 25 and 50% bread.
Fibre
Dressing %
Carcase
diameter
score
(µm)
5.7
0.33
16.66
46.1
2
Control
184
1052a
(56.1)
(0.63)
(1.51)
(29.4)
25% bread
188
1004ab
5.3
0.36
17.10
44.5
3
(37.7)
(75.1)
(0.84)
(0.85)
4.9
0.41
17.54
47.2
3
50% bread
196
963b
(105)
(1.33)
(1.14)
(66.3)
Values within columns with varying superscripts are significantly (P<0.05) different. Values within brackets are the SD.
Diet

LWG
(g/d)

DMI
(g/d)

FCR

Wool growth
(mm/d)

The sheep fed the diet containing 50% bread consumed 8% less (P<0.05) feed than the control group.
Fine bread crumbs made up the majority of the refusals in both the bread treatments whilst refusals were
consistently lucerne chaff for the control group.
Wool growth
The daily linear wool growth and average fibre diameter are shown in Table 2. Replacing either 25% or
50% of the diet with bread had no effect (P>0.05) on linear wool growth or fibre diameter, although both
of these parameters tended to be higher in sheep fed the 50% bread diet.
Carcase evaluations
The carcase evaluation data is also shown in Table 2. There was no difference in the final live weights
and carcase weights, although the dressing percentage tended to be higher for the sheep fed the 50% bread
diet. For both the bread-based diets the average carcase score was 3 whilst for the control group the
carcase score was 2.
DISCUSSION
There was no significant difference in LWG between the diets, indicating that bread can be successfully
incorporated into feedlot rations at 25 and 50% inclusion levels. Finn (1994) reports that for a 35 kg
merino wether to gain 150 g/d it must have access to at least 13.4 MJ ME/kg DM and 13.9% CP. The ME
contents of the diets used in the current study were10.5 MJ (control), 10.4 MJ (25% bread) and 10.6
MJ/kg DM (50% bread). This is less than the recommended level, however, the sheep performed better
than 150 g/d, gaining an average of 184 g/d, 188 g/d and 196 g/d for 0%, 25% and 50% bread diets,
respectively. The additional gain may be due to the CP contents of the diets being higher (19.2%, 19.4%
and 17.8%) than the recommended level (13.9% CP). It is likely that the animals converted this excess
protein into energy.
At the start of the trial the DMI of the control, 25 and 50% bread group feed, as a percentage of their live
weights, were 3.35%, 3.38% and 3.31%, respectively. At the conclusion of the trial feed DMI had
dropped to 2.46%, 2.34% and 2.25% of their live weight. The NRC (1985) recommend that an animal
weighing 40 kg should have a DMI (% body weight) of 4.0%. If feed intake was increased to 4.0% of
bodyweight it is expected that weight gains would have been greater than 150 g/d.
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As the amount of bread in the diet increased, so too did the level of feed refusal. This is consistent with the
findings of Champe and Church (1980) who found that sheep fed a ration containing 40% dried bakery
products (DBP) had a higher refusal rate than those on the basal diet (0% DBP). Sheep are reported to
have a low tolerance and little preference for sweet compounds (Goatcher and Church 1970), and this may
account for the lower acceptance in the bread-based diets. An alternative reason for the lower intakes may
be that these diets met the nutritional requirements of the sheep without the need to consume the entire
ration.
Easton (1994) states that a FCR of 5:1 is achievable in feedlot situations and should be aimed for,
however, for budgeting purposes a ratio of 6:1 should be used. The FCR in the current study were 5.7, 5.3
and 4.9 for the 0, 25 and 50% bread groups, respectively. The improved FCR for the bread-based diets
may be because processing of the bread (baking) has changed either the physical or chemical nature of the
nutrients (contained in the bread), effectively increasing the level of bypass nutrients. Baking is a
recognised means of increasing the bypass nutrient components of feeds (Thomas et al. 1979). The main
effects of bypass nutrients on ruminant production include; (1) stimulating feed intake; (2) increasing the
efficiency of utilisation of absorbed nutrients; and (3) providing amino acids and energy post-ruminally
(Leng et al. 1981). Throckmorton et al. (1981) reported that decreases in feed conversion efficiency may
be as much as 38% for sheep when a predominantly rumen degradable diet is supplemented with bypass
casein. The control diet used in the current study can be characterised as being predominantly ruminally
degradable. Because the bread had been baked initially and reheated for subsequent drying prior to
feeding, it is probable that the amount of either bypass protein, bypass starch or both in the diet has been
increased. Given that increased bypass protein generally results in an improvement in wool growth (Leng
et al. 1981), whilst bypass starch does not stimulate feed intake but improves FCR (Preston and Leng
1987), it seems likely that the heat ‘treatment’ of the bread effectively created both bypass protein and
starch. Further research is needed to determine the rumen degradability of the nutrients contained in dried
bread.
In the current study the average (linear) wool growth ranged from 0.33-0.41 mm/d. Replacing 25 and
50% of the diet with bread had no effect on (linear) wool growth, although both wool growth and fibre
diameter tended to be higher in the 50% bread group, again suggesting that the level of bypass nutrients in
the diet had been increased.
The current study has shown that bread can be successfully incorporated into feedlot rations at 25 and
50% inclusion levels, without adversely affecting production. Whilst bread is a suitable ingredient from a
production point of view, its inclusion in feedlot rations ultimately depends on cost.
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MEASUREMENT OF TEMPERATURE DECLINE IN SHEEP CARCASSES
D. L. HOPKINS
NSW Agriculture, PO Box 129, Cowra, New South Wales 2794, Australia

SUMMARY
An experiment which followed the temperature decline during chilling of 116 lamb and hogget
carcasses showed that the industry standard measurement; surface temperature is prone to fluctuations
indicating the need for careful measurement. Despite a medium chill < 6°C in the loin after 8 hours
of chilling the predicted deep butt temperature was 18.1°C at a surface temperature of 7°C.
Measurement of temperature at the site (Ltemp) used for the sheep meat eating quality grading
scheme (at the caudal end of the m. longmissius thoracis et lumborum, LL) was 2.3°C less than
measurement at the deep butt. Importantly measurement of temperature at the 12th/13th rib in the
middle of the LL was less than at the Ltemp site. This indicates that the measurement site must be
specified for the grading scheme even if temperature is measured in the same muscle with
implications for pH/temperature window specifications.
Keywords: lamb, chilling, temperature
INTRODUCTION
With the development of an eating quality scheme for sheepmeat it is likely that processors will need
to monitor temperature and pH decline during chilling so as to ensure that the meat enters rigor at
target temperatures as occurs in the Meat Standards Australia scheme for beef (Thompson 2000). The
site for the measurement of temperature in lamb carcasses was changed in 1995 with the launch of the
Australian standards endorsed by ARMCANZ. These state that the surface temperature must be
reduced to 7°C within 24 hours of stunning and before transport (Anon. 1995). A quick and effective
method of measuring these temperatures is by use of an infrared non-contact thermometer (Anon.
1996). Usually temperature would be measured by a probe that penetrates into carcass meat, but if
surface temperature could be used this would allow quicker and easier screening measurements
allowing targeted pH measurement. This paper presents some preliminarily data on the relationship
between temperature decline measured at several different sites on lamb and hogget carcasses.
MATERIALS AND METHODS
Carcass types and measures
Carcass data were obtained for 120 animals representing first and second cross lambs; Merino lambs
and first cross hoggets of mixed sexes. These genotypes were equally represented across 2 slaughter
days and 4 slaughter groups (2 per day). All animals were electrically stunned (head only) in a
commercial abattoir and trimmed according to the specifications of AUS-MEAT (Anon. 1992). Two
carcasses were unsuitable for sampling, due to disease and 2 were trimmed during dressing (leaving
116 from the 120 killed). Hot carcass weights were recorded and the GR measured (total tissue depth
over the 12th rib 110 mm from the midline) using a GR knife. GR is used as an indicator of
subcutaneous fat depth from which 5 fat classes are defined.
Sampling and meat quality measurements
At regular intervals after the commencement of chilling pH and temperature (Ltemp) were measured
in the left-hand portion of the m. longmissius thoracis et lumborum (LL) at the caudal end over the
lumbar/sacral joint. A section of subcutaneous fat and the m. gluetus medius was cut away to expose
the LL and after measurement the area was resealed with the overlaying tissue. pH was measured
using a WPS meter with temperature compensation (TPS, WP-80, PTS Pty Ltd) and a polypropylene
spear-type gel electrode (Ionode IJ 44), calibrated at ambient temperature. Six measurements were
taken as the pH fell. Temperature decline (Ptemp) was determined on 10 carcasses per slaughter
group using Cox recorders (Belmont, NC, USA). Probes were inserted into the centre of the (LL) at
the 12th/13th rib and recorded temperature every 10 mins. Temperature decline in the m.
semimembranosus (SM; to the depth of the femur, Dtemp) was recorded in every carcass, 4 times
during chilling (Comark C9001 thermometer with 250 mm x 11 mm probe). At the same time the
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surface temperature (Stemp) was measured with an infrared gun (non-contact thermometer; Raynger
PM plus, Raytek inc.) on the opposite side of the LL to the pH measurement site. Thus from the
commencement of chilling and the first measurements, temperature was monitored in each carcass for
5-6 hours, during the period of rapid temperature decline. On the first slaughter day the chiller was
filled with non-experimental lamb carcasses, but on the second kill day this was not the case and only
experimental lambs were placed in the chiller.
Statistical analysis
Ltemp, Dtemp, Stemp and Ptemp were regressed against each other (GENSTAT 5.4.1, 2000) and the
effect of carcass weight or GR on these relationships was also examined.
The rate of temp decline (Ltemp and Ptemp) relative to chilling time from the first pH measurement
post-mortem for each carcass was described using data for 7 different sample points for Ltemp and up
to 132 for Ptemp using the following non-linear equation and a non-linear procedure (GENSTAT
5.4.1, 2000):
Tempt = Tempf + (Tempi + Tempf) exp –kt
where Tempt = Temperature at time t, Tempf = the final temperature, Tempi = temperature at t = 0, k =
rate constant of temperature decline and t = the time in hours.
RESULTS
Carcasses were chilled at 2-3°C and 86% humidity. During the first slaughter day the
introduction of non-experimental lambs which filled the chiller to capacity resulted in a rise in
the surface temperature of 14 carcasses from the first slaughter group (Figure 1). Surface
temperature data for these carcasses were not used for analysis, but this does illustrate a
need for caution when using surface temperatures.

Surface temperature (ºC)

16
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6
4
2
0
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Time (hours)

Figure 1. Relationship between surface temperature and time of chilling for carcasses which showed a
rise in temperature (n = 14; ♦) as indicated and those that did not (n = 102; %)

A summary of the various temperature measurements for 102 carcasses is provided in Table 1. This
shows that surface temperature was much lower than muscle temperatures, presumably because by the
time of first measurement a lot of heat has been dissipated from the surface of the carcass. Complete
probe data for temperature decline at the 12th rib was available for 38 carcasses. The mean time
required for surface temperature to reach 7°C was 3.45 ± 0.81 h.

94.

Anim. Prod. Aust. 2002 Vol. 24: 93-96
Table 1. Summary statistics for surface temperature (Stemp), deep butt temperature (Dtemp),
loin temperature (Ltemp) and loin temperature at the 12th rib (Ptemp)

Mean
Standard deviation
Coefficient of variation
Range

Stemp (°C)
n = 102
9.5
4.4
46.9
0-19.7

Dtemp (°C)
n = 102
23.5
7.6
32.4
8.9-39

Ltemp (°C)
n = 102
21.1
7.0
33.1
8.2-36.7

Ptemp (°C)
n = 38
14.2
6.3
44.5
3.9-30.6

The coefficients for the regression models are shown in Table 2. All regression models were
significant at the P = 0.001 level as was each coefficient in the models. These show that muscle
temperatures measured by penetration (Dtemp and Ltemp) decrease at a faster rate than surface
temperature and that temperature measured in the deep butt is consistently 2.3°C greater than
temperature measured in the loin (Ltemp). Both carcass weight and fatness (GR) had a significant
effect (P < 0.05) on the relationship between Dtemp and Ltemp with regression coefficients of 0.15
kg/degree and –0.1 mm/degree respectively. Of particular interest was the finding that prediction of
Ltemp from Stemp was significantly effected by the GR level of the carcass such that at a constant
Stemp the predicted value of Ltemp increased as GR increased with a regression coefficient of 0.14
mm/degree. Temperature measured at the 12th rib (Ptemp) declined at a similar rate to temperature at
the pH measurement site (Ltemp), but had lower absolute levels throughout chilling. This
relationship was independent of the carcass weight and fatness (GR) of the carcass. Using these
models the predicted temperature in the loin (Ltemp) at a surface temperature of 7°C was derived and
found to be 18.1°C. For Dtemp to be 10°C the surface temperature would need to be 1°C.
Table 2. Regression relationships between different measures of temperature where surface temperature
(Stemp), deep butt temperature (Dtemp) and loin temperature (Ltemp)
Dependent variable
Ltemp
Dtemp
Dtemp
Ltemp

Intercept
8.86 (± 0.46)
9.88 (± 0.48)
2.28 (± 0.46)
7.61 (± 0.56)

Slope
1.32 (± 0.04) Stemp
1.44 (± 0.05) Stemp
0.99 (± 0.02) Ltemp
0.97 (± 0.04) Ptemp

R2
0.69
0.71
0.85
0.84

r.s.d.
3.95
4.13
2.93
2.74

Using the non-linear models of Ptemp against time for each carcass the temperature at 8 hours was
determined with the mean being 4.9°C compared with 8.5°C for Ltemp.
DISCUSSION
Based on the results of Shaw et al. (1995) and using data for Ptemp the chilling conditions in this
experiment would be classified as medium ie <6°C after 8 hours of chilling even allowing for the fact
that there was delay in measuring temperature after death in this experiment. The chiller temperature
at 2-3°C in this experiment was probably at the colder end of the spectrum for domestic abattoirs
Hopkins (1993). Given this temperature regime the target surface temperature of 7°C was achieved
within 4 hours of the first measurement, well within the time scale to allow a night loadout. Despite
this rate of decline the deep butt temperature (Dtemp) was much higher than suggested previously for
a surface temperature of 7°C (Hopkins et al. 1996).
There was an obvious increase in surface temperature (Stemp) on the first slaughter day coinciding
with the introduction of hot carcasses that filled the chiller, whereas Dtemp, Ltemp and Ptemp
continued to decline. This highlights the greater sensitivity of measuring temperature on the surface
of the carcass and suggests that using this measure, as a quick monitoring method to indicate when
deeper muscle temperatures and pH should be measured would require very careful application.
Further to this the precision of predictions of Ltemp from Stemp can be improved by consideration of
the fatness of the carcass (ie r.s.d = 3.95 cf 3.89). The fact that fatness effects temperature decline is
not new (eg Smith et al. 1976).
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Of particular relevance to the development of an eating quality system was the difference in
temperature between Ltemp and Ptemp. This indicates that when setting a pH/temperature window as
per MSA (Thompson 2000) then the actual site of measurement must be specified even if
measurement is in the loin.
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SUMMARY
EUROP conformation score was assessed by two assessors on 635 lamb carcasses from a diverse
range of genotypes. Differences between mean scores were found across measurement days with an
overall correlation of r = 0.54 between scores of the two assessors. Carcass weight and GR were both
significant as covariates such that as they increased (ie as carcasses became heavier and fatter) the
EUROP scores decreased (ie less P’s and O’s). In a separate experiment based on 426 lamb carcasses
from diverse genotypes it was shown that three different VIAscan measures could be used to predict
EUROP scores (R2 = 58.4, r.s.d. = 0.53) independent of fat measures. Indications are that VIAscan
could be used to provide objective assessment of EUROP scores. However a more robust approach
would be to define classes for shape according to VIAscan measures using say industry agreed
standards and then online prediction would be very accurate.

Keywords: lamb, conformation, EUROP, VIA
INTRODUCTION
Lamb carcass description in Australian AUS-MEAT accredited abattoirs is based on hot carcass
weight and fatness, using a probe to measure tissue depth at the GR site (Hopkins et al. 1995).
Measurement of GR allows prediction of saleable meat yield, indicates the amount of trimming
required and the likely yield of traditional or trim lamb cuts (Hopkins et al. 1994). Producers and
meat traders also consider conformation (shape), an important trait and argue that it should be
included in the Australian description scheme for lamb (Hall et al. 1994). At least one abattoir in
NSW now scores carcasses for conformation within a Branded lamb alliance using the five score
EUROP system (De Boer 1992) and price penalties are attached to EUROP scores, O and P. The
difficulty is that current use of the EUROP system relies on the subjective appraisal of carcasses. In
this paper we compare scores for carcasses assessed by two different people to examine the impact of
‘assessor’ on scores and then present data to show the extent to which VIAscan can be used to
predict EUROP scores.
MATERIALS AND METHODS
Experiment 1
Conformation of 635 carcasses was scored independently by 2 assessors over 3 slaughter days. The
EUROP conformation system was used where E is ‘best’ conformed and P is ‘worst’ conformed. For
this system reference photographs are used to allocate scores. The carcasses came from different
genotypes (Merino x Merino through to a range of first crosses including Border Leicester x Merino,
White Suffolk x Merino and East Friesian x Merino). Hot carcass weights (HCW) were recorded and
the GR measured (total tissue depth over the 12th rib 110 mm from the midline) using a GR knife.
Experiment 2
In a separate experiment, VIAscan measurements were obtained on the slaughter chain for 426
carcasses from Merino, first cross (eg Border Leicester x Merino) and second cross (eg Texel x
Border Leicester x Merino) lambs over a 2 week period. VIAscan, which uses video image analysis,
has been developed by Meat & Livestock Australia and is described in detail by Hopkins (1996). The
VIAscan measurements include dimensional aspects of the carcass and also colour variation at
selected positions. The system recognises the bottom of the gambrel where it passes through the
Achilles tendon. This was used as the reference for all linear dimensions as was the most distal
junction of the hindlegs where the m.semimembranosus muscles meet (groin), and the distal end of
the neck equivalent to the atlanto-occipital articulation. Each carcass was weighed hot (HCW) and
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the GR was measured using a GR knife. A different assessor to those who did the scoring in the first
experiment performed EUROP carcass conformation scoring.
Statistical analysis
For experiment 1, EUROP scores were analysed using analysis of variance (GenStat 5.4.1, 2000)
where the effects were assessor (1 or 2), slaughter group (1, 2 or 3) and the first order interaction.
Both HCW and GR were included as covariates.
The correlation between EUROP scores in experiment 2 and the full array of VIAscan measurements
was established and then a multiple regression model was developed to predict EUROP scores
(GenStat 5.4.1, 2000) based on several of the correlated VIAscan measures. Both HCW and GR
were included as covariates.
RESULTS
Experiment 1
The carcasses covered the wide range in weight (12.4-32.2 kg) and GR tissue depth (4-25 mm) found
in the industry providing the degree of variation needed for such a study. The distribution of EUROP
scores for each assessor is shown in Figure 1.
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Figure 1.

Distribution of EUROP scores according to assessor where E is ‘best’ and P is ‘worst’.

Conformation scores were higher for assessor 2 than assessor 1, although there was a significant
interaction between assessor and slaughter group (P < 0.001) as the difference was only significant
for slaughter group 1 (Table 1). Scores for lambs at the second slaughter were lower (P < 0.001) than
for the other two slaughters. Conformation scores decreased (improved) with increasing carcass
weight (b= -0.033 ± 0.006 score/kg, P < 0.001) and fat level (b= -0.018 ± 0.006 score/mm GR, P <
0.05). The correlation between scores for the two assessors was r = 0.54.

Table 1. Predicted means for the significant assessor, slaughter day and assessor x slaughter day effects
for EUROP scores adjusted to a hot carcass weight of 21.4 kg and a GR of 12.3 mm
Assessor

Slaughter day

Overall mean
s.e.d. = 0.03

1
2
3
1
3.2a
3.2ac
3.3cd
3.2α
2
3.7b
3.3ac
3.5d
3.5β
Overall mean
3.4α
3.3β
3.4α
s.e.d. = 0.05
Combinations with the same superscript, differ by less than twice the standard
error of the difference. Average s.e.d. across assessor × slaughter day
combinations = 0.07.
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Experiment 2
The coefficients for the regression model to predict EUROP scores using VIAscan measurements are
shown in Table 2. All regression terms were significant (P < 0.001), with VIAscan measures 2 and 3
having the most influence on the model. VIA1 is based on colour of the carcass over the chump/rump
area, whereas VIA2 and VIA3 are dimensional measures. EUROP scores decreased (improved) with
increasing carcass weight (b=--0.045 ± 0.014, P < 0.001), but GR was not significant.
Table 2. Regression relationship between EUROP scores and VIA measures

Intercept
Independent variables
VIA1
VIA2
VIA3
R2
r.s.d.

Regression coefficient
11.3 (± 0.76)
-0.015 (± 0.003)
0.017 (± 0.001)
-0.043 (± 0.003)
0.58
0.54

DISCUSSION
Several points emerge from the data. The first is that there was only a moderate relationship between
the EUROP scores of the two assessors. As such for the first slaughter day this resulted in a
significant mean difference in the scores given. Previously it has been reported (Hopkins 1995) that
when industry personnel assessed carcasses for EUROP conformation the correlations against scores
given by an independent assessor ranged from 0.32 to 0.75. Comparison of the results for the two
assessors did however show that on two of the slaughter days there was no difference between the
mean scores. Obviously differences between assessors can reflect degrees of experience, but also
arise because individuals will vary in their interpretation of in this case the reference photographs.
Although conformation is used to describe carcasses in a number of countries Lebert (2000) it is
conceded that the EUROP system has some imperfections as does any system that relies on subjective
appraisal. These imperfections include assessors varying their scoring over time and differences
between assessors and also between assessors and those who enforce the adherence to the standards
(Lebert 2000). Despite the reliance on such systems there appears to be no published comparisons of
the extent of differences between assessors when assessing the same carcasses for conformation.
That fatter and heavier carcasses were given better conformation scores (ie more E and U) has been
widely reported before (see the review by Kempster et al. 1982). Such an outcome is consistent with
the definition of conformation as used in the EUROP system where it is defined as “the thickness of
flesh and subcutaneous fat relative to the dimensions of the skeleton” (De Boer et al. 1974). By
contrast when conformation scores were predicted using VIAscan measures GR (a measure of
fatness) did not have any significant effect. This may reflect the fact the VIAscan measure based on
colour variation (VIA1) accounted for differences in subcutaneous fat levels.
The third aspect to note from this study is the potential, which exists to assign EUROP scores to
carcasses using VIAscan. Lebert (2000) in a review of several different VIA systems also showed
that they could assign carcasses to different EUROP classes with a reasonable tolerance. Much of the
emphasis on the use of VIA for describing lamb carcasses has been on prediction of meat yield
(Hopkins et al. 1997a; Stanford et al. 1998), but the system has potential for the prediction of other
characteristics such as fat levels and conformation scores. In the past VIAscan has been used to
predict objectively measured muscularity values (Hopkins 1996), but unfortunately the general
validity of the model to other populations did not hold (Hopkins et al. 1997b). It could be argued that
this same test of validity needs to be applied to any model to predict EUROP scores, but in this case
our standard is a subjective scoring system making validation more difficult. A different approach
would be to develop a set of standards and scores for carcass shape based on linear dimensions. With
this approach VIAscan could then automatically allocate carcasses to scores based on objective
measures.
99.

Anim. Prod. Aust. 2002 Vol. 24: 97-100

ACKNOWLEDGMENTS
The assistance of Andrew Blakely (UNE), Bernie Munro, David Stanley, Jayce Morgan and Barry
MacDonald (NSW Ag.) and Paul Meredith and Peter Walker (DNRE) in the conduct of various
aspects of these experiments is noted with appreciation. The co-operation of Cowra abattoir staff was
also appreciated. MLA provided funding for this work.
REFERENCES
DE BOER, H. (1992). Meat Focus Int., 1, 365-8.
DE BOER, H., DUMONT, B.L., POMEROY, R.W. and WENIGER, J.H. (1974). Livest. Prod. Sci. 1, 151-64.
GENSTAT 5 (2000). GENSTAT 5 Release 4.1, (Third edition, For Windows), Lawes Agricultural Trust
(Rothamsted Experimental Station).
HALL, D.G., O’HALLORAN, W.J., FARRELL, T.C., MACDONALD, B.A., HENLEY, D.J. and GAMBLE,
D.J. (1994). Final Report for the Meat Research Corporation – DAN.062, NSW Agriculture.
HOPKINS, D.L. (1995). Proc. Aust. Meat Industry Res. Conf., Gold Coast, Queensland, 8A1- 5.
HOPKINS, D.L. (1996). Meat Sci. 43, 307-17.
HOPKINS, D.L., WOTTON, J.S.A., GAMBLE, D.J., ATKINSON, W.R., SLACK-SMITH, T.S. and HALL,
D.G. (1994). Aust. Soc. Anim. Prod. 20, 156-9.
HOPKINS, D.L., ANDERSON, M.A., MORGAN, J.E. and HALL, D.G. (1995). Meat Sci. 39, 159-66.
HOPKINS, D.L., FOGARTY, N.M., and MACDONALD, B.A. (1997a). Proc. 43rd Int. Congr. Meat Sci.
Technol. Auckland, New Zealand, 234-5.
HOPKINS, D.L., FOGARTY, N.M. and MENZIES, D.J. (1997b). Meat Sci. 45, 439-50.
KEMPSTER, A.J., CUTHBERTSON, A. and HARRINGTON, G. (1982). Meat Sci. 6, 37-53.
LEBERT, A. (2000). Proc. 46th Int. Congr. Meat Sci. Technol. Buenos Aires, Argentina 332-7.
STANFORD, K., RICHMOND, R.J., JONES, S.D.M., ROBERTSON, W.M., PRICE, M.A., and GORDON,
A.J. (1998). Anim. Sci. 67, 311-6.
Email: David.Hopkins@agric.nsw.gov.au

100.

Anim. Prod. Aust. 2002 Vol. 24: 101-104

PRODUCING WOOL TO BUDGET USING THE 'MEASURE AS YOU GROW' APPROACH
- WOOLPRODUCER EXPERIENCE
R. HOUSE A, R. BILNEY B, D. LADYMAN C, C.M. OLDHAM D, B. PAGANONI D and M. YELLAND D
A

PO Box 117, Kojonup WA 6395
PO Box 88, Kojonup WA 6395
C
'Girraween' RMB 239, Kojonup WA 6395
D
Wool Program, Department of Agriculture, Locked bag No.4 Bentley Delivery Centre, WA 6983
B

SUMMARY
In 2000, seven woolproducers farming in the Kojonup region of Western Australia ran trials to begin
to explore a 'Measure as you Grow' approach for managing wool production. The woolproducers in
this project nominated the target fibre diameter, staple length and staple strength that they wanted the
flock to achieve at shearing in 12 months. For each flock, a single staple was cut from a random
sample of 20 sheep every month. The average fibre diameter of pooled 2 mm snippets cut from the
base of each staple was plotted against average staple length to build a picture of the monthly variation
in fibre diameter; a running picture of the fibre diameter profile along staples. Using this approach the
woolgrowers can detect real movements in fibre diameter of about 1 micron (least significant
difference in fibre diameter between months is 0.8 microns at 95% confidence level). Estimates of
pasture feed on offer (FOO, kg DM/ha) and pasture growth rate (PGR, kg DM/day) were used to
estimate the average feed intake of flocks each month. As the season progressed and both FOO and
PGR increased a range of methods were used to increase grazing pressure to manage feed intake and
fibre diameter change. At shearing, the average wool characteristics of 25 g midside samples and
greasy fleece weights from a random sample of 50 sheep from each flock were used to estimate the
production. The method used to restrict feed intake of flocks over winter and spring varied from strip
grazing through managing stocking rate to maintain a constant amount of FOO to running large flocks
in a tight rotation. In all cases the managed flocks produced more wool per ha that was of lower FD
and higher staple strength than controls or previous experience with the same class of sheep. This
paper presents 3 of the 7 case studies that demonstrate the wide range of management strategies used.
Keywords: wool, sheep, management, staple length, fibre diameter, fibre diameter profile
INTRODUCTION
The average variation in fibre diameter (FD) from minimum to maximum along the FD profile of
staples drawn from 370 sale lots, shorn between September 1997 and September 1998 and sold at
auction in Fremantle, was 6.1 microns (C.M. Oldham pers. comm.). This is in general agreement with
many published FD profiles from experimental flocks run at pasture in WA (Stewart et al. 1961;
Purser 1980; Thompson et al. 1997; Peterson et al. 2000). Peterson et al. (2000) reported that staple
strength (SS) of young Merino sheep was significantly increased by restricting feed intake on green
feed after the break of season compared to sheep grazed at the district average stocking rate.
Restricting feed intake after the break of season increased the SS because it reduced the rapid increase
in FD associated with the onset of the new season green pasture; i.e. it ‘flattened’ the annual FD
profile. Thus, restricting intake in winter/spring also resulted in a reduced mean FD and the strategy
proved economical since both the quality (FD and SS) and quantity (kg/winter grazed ha) of wool
grown was improved simultaneously. However, it was not clear whether commercial woolproducers
could reproduce these results routinely to a predetermined budget (fibre diameter, staple length and
staple strength) and whether it would be more profitable than their current grazing strategy. In May
2000, seven woolproducers farming in the Kojonup region of Western Australia ran trials to begin to
explore these questions using a ‘measure as you grow’ approach for monitoring wool production
(Oldham et al. 2002). This paper presents 3 of the 7 case studies.
MATERIALS AND METHODS
The woolproducers in this project nominated the target FD, staple length (SL) and SS that they wanted
the flock to achieve at shearing in 12 months. For each flock, a single staple was cut from a random
sample of 20 sheep every month. The staples were posted to Australian Fibre Testing in York, WA.
The average fibre diameter of pooled 2 mm snippets cut from the base of each staple was plotted
against average SL to build a picture of the monthly variation in FD; a running picture of the FD
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profile along staples. Updated graphs of the FD profile were faxed to the woolproducers within 36 hr
of the laboratory receiving the greasy staples. Using this approach the woolgrowers can detect real
movements in fibre diameter of about 1 micron (least significant difference in fibre diameter between
months is 0.8 microns at 95% confidence level; Oldham et al. 2002).
The woolproducers recorded flock numbers and paddock movements. They also recorded visual
estimates of pasture feed on offer (FOO kg DM/ha) each week if the flock remained in the same
paddock for an extended period or at the start and finish of grazing if they moved the flock.
Woolproducers undertook to base their assessments of FOO on a minimum of 30 recorded
observations that reflected the full variation across paddocks. Pasture growth rate (PGR kg DM/day)
was measured using 10 pasture cages (50 cm x 50 cm) read for FOO and shifted monthly during
winter and spring in a typical grazed pasture but not necessarily the paddock being grazed by the trial
flock. The pasture cages were read each month by a trained technician. The woolproducer and the
technician scored and cut 10 quadrants (0.1 m2) each month, covering the full range of FOO observed
on the same day that the pasture cages were read, in order to calibrate their estimates of FOO for
seasonal changes in the moisture content and appearance of the pastures. Knowledge of the change in
FOO during grazing, PGR, and stocking rate was used to estimate the average feed intake of pasture
by flocks each month (g DM/hd/d). As the season progressed and both FOO and PGR increased a
range of methods were used to increase grazing pressure to manage feed intake and FD change. At
shearing, the average wool characteristics of 25 g midside samples and greasy fleece weights from a
random sample of 50 sheep from each flock were used to estimate the production of the flock for the
year. The average price at auction for merino fleece wool over the last 5 years, or the actual price
received, has been used to calculate the return.
RESULTS
Case studies
Roger and Marie Bilney. The Bilneys have a fine wool flock they have been breeding for 5 years,
using artificial insemination and performance tested sires. In 2000, they decided to try to further
improve wool income by monitoring FD of 1999-drop ewe weaners every month and restricting feed
intake to avoid FD blowout over spring. The objective was to increase SS and reduce FD in fine wool
15 month-old ewes compared to the performance of the same age group in 1999 (25 N/ktex and 17.7
µm respectively for SS and FD when shorn in mid November 1999). In addition, they set a target
liveweight of 40 kg by December 2000 ready for mating in February 2001.
1999
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FD=17.7 µm
CFW=3.2 kg
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Figure 1. Changes in FD along the staples of
Bilney's fine wool hoggets in 2000 compared with
a hypothetical FD profile that matches the actual
mean FD achieved by similar sheep in 1999 and
follows well-established seasonal changes in wool
growth under pasture conditions in WA

The flock was fed in a feedlot over the break-ofseason and then rotated through a series of small
paddocks with extra sheep added to further
restrict intake depending on the monthly change
in FD. On 7 June, 1300 young sheep were added
to the initial core flock of 263 fine wools and the
new flock was grazed around a group of 5 small
paddocks (12 to 30 ha) at stocking rates from 108
to 43 sheep per ha. The flock was moved each 3
to 9 days depending on FOO. Adjusted estimates
of FOO at the start of grazing ranged from 300 to
600 kg DM/ha and FOO at the end ranged from
100 to 300 kg DM/ha. Knowing the FD profile as
the season progressed also provided useful
information of the wool characteristics prior to
sale.

The flock reached the target liveweight in December. FD of the fine wool ewe hoggets was reduced
from 17.7 µm in 1999 to 16.6 µm in 2000, and although the clean fleece weight decreased by 200
g/hd, the overall fleece value increased by $16.30 per head (see Figure 1). Increasing stocking rate
from 12 to 14 dse/winter grazed ha allowed for 16% extra hectares to be available over spring to be
utilised in some other way. Since the season was so poor in 2000, there was no extra area made
available, but in a normal year with higher feed available the benefits of restricting sheep would be
$195/ha plus any extra income earned from surplus land. Roger Bilney believes “Stocking sheep
heavily over smaller areas increases the area of land available for other uses; e.g. to cut silage, plant
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more lucerne or summer crops such as sorghum. The key to maximising profit is to do something
productive with the extra hectares that become available”. In future the Bilneys may need to sacrifice
further reductions in micron to increase SS, since they aim to have hogget wool at 40N/ktex. They
believe that there is a need to increase the minimum FD, by supplying more feed in the autumn. The
trial is continuing in 2001 with 2000-drop fine wool ewes and 1999-drop adult wethers.
Roger and Annabelle House. The Houses have been using strip grazing (stocking rates of 350 to 650
for 1 to 3 days controlled by a movable electric fence) of adult wethers for 9 years to increase wool
production per ha and pasture utilisation. In 2000, they decided to try their system with young ewes
with the objective of reducing the FD by at least 1 µm , a reduction similar to that previously achieved
with adult wethers. They also aimed to increase SS, have the ewes at 45 kg liveweight for joining in
February and double the kg clean wool/winter grazed ha.

23
22
21
20
19
18
17
16
15
14

Fibre diameter (microns)

Strip grazing decreased the average FD of ewe
weaners from 18.8 to 17.4 µm and increased SS
by 4.6 N/ktex (see Figure 2.). Although the clean
fleece weight was reduced by 260 g/hd through
restricting feed intake, the overall fleece value
increased by $8.93/hd. This extra income/hd was
achieved at an average stocking rate for the
winter/spring period of 33 sheep/ha, versus the set
stocked paddock with 13 sheep/ha. At mating
strip grazed ewes weaners were 38 kg compared
to set stocked at 45 kg. The ewes were scanned
for pregnancy in May to measure differences in
conception or litter size. While there was no
difference between the flocks, there were very
few twins and overall conception rate was low at
65% and 69% for the strip grazed and set stocked
flocks respectively.

Set stocked
13 dse/ha
FD = 18.8 µm
CFW = 2.17 kg
SS = 25.7 N/ktex
Lwt/CS = 45 kg/2.7
Strip grazed
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Lwt/CS = 38 kg/2.2
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Figure 2. FD profile showing average micron at
monthly intervals for both strip grazed and set
stocked ewe weaners, shorn as lambs in April 2000
and again in February 2001

Derek and Ali Ladyman. The Ladymans run a 1309 ha property with 27% crop and a Merino flock
that is 25% adult wethers (on a dse basis). In 1999, they ran an evaluation that concluded that it was
more profitable (+$112/ha profit) to run adult wethers (97 drop) set stocked at 20 dse/ha from the
break-of-season rather than their normal 15 dse/h. The flock at 20 dse/ha produced more greasy
wool/ha (127 kg vs 105 kg) that was finer (21.8 vs 22.9 µm) and stronger (34 vs 32 N/ktex).
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Figure 3. Changes in FD along the staples of
Ladyman's wethers 2000 compared with a
hypothetical FD profile that matches the actual
mean FD achieved by the same sheep in 1999 and
follows well-established seasonal changes in wool
growth under pasture conditions in WA

In 2000, their objective was to reduce the FD of
the same flock of wethers by a further micron
while maintaining SS at 35 N/ktex. They planned
to achieve this objective by leaving the paddock
unstocked at the break-of-season until it reached a
FOO = 700 kg DM/ha and then vary the stocking
rate to maintain FOO at 700 in front of a core
group of 400 tagged wethers. After seeing FD
increase in May extra sheep were added and FOO
was maintained at approximately 500 kgDM/ha
(see Figure 3.). In August and September pasture
growth rates were high and even though the
stocking rate had been increased to 55 dse/ha, the
FD reached 23.5 µm in November. Thereafter,
FD profile shows a rapid decline in micron from
pasture senescence in early November to shearing
in late January (3 µm drop).
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The Ladymans were extremely pleased with the trial results, since they reduced micron by 1.2 µm (to
20.6 µm) and maintained a high SS of 41 N/ktex In 1999, the Ladymans achieved an extra $112 gross
fleece wool income/ha by running an extra 5 wethers set stocked (15 vs 20 dse/ha). The winter of 2000
was exceptionally dry, however, grazing to a constant FOO of around 500 kg DM/ha increased the
average stocking rate of the same paddock still further to 25 dse/winter grazed ha, producing a further
increase in fleece wool income of $288/ha. Even with a reduction in fleece weight/hd of 1kg compared
to 20 dse, the overall increase in income per head was $2.63/hd for the core wethers in 2000.
DISCUSSION
In the wool market prevailing in 2000, all of the cooperating woolproducers attempted to manage a
reduction in FD and an increase clean wool production/ha while at least maintaining the SS in their
experimental flocks. The tactics employed to manage feed supply at the break-of-season and through
the following winter/spring were varied as demonstrated by the range in the 3 case studies presented in
this paper. However, irrespective of the tactic, all successfully met their objectives relative to their
expectation gained from shearing results in past years or a control flock managed conventionally.
Similarly, they all reported that the regular monitoring of the change in FD; the use of the 'measure as
you grow' approach was easily accomplished and had helped them make timely decisions with respect
to feed supply, grazing management and marketing. In stark contrast, the woolproducers found their
estimation of FOO in paddocks to be very time consuming, frustrating and relatively inaccurate.
The ability of woolproducers to repeat their performance of 2000 in future years, in which the timing
of the break-of-season and subsequent rainfall will produce widely differing amounts and patterns of
pasture growth, is not clear. In this series of trials an attempt was made to link all sites and grazing
systems across farms by using a trained technician to collect estimates of PGR and calibrate the FOO
estimates of the woolproducers, monthly. Knowledge of the change in FOO during grazing, PGR, and
stocking rate was used to estimate the average feed intake of pasture by flocks each month (g
DM/hd/d). It was hoped that this dataset would improve on and/or confirm the strong relationship
reported in the literature between FOO and the FD of wool grown by grazing sheep in spring
(Thompson et al. 1997).
Estimates of monthly intake of green DM by flocks varied from as low as 350 to >3000 g green
DM/hd/d and was poorly correlated with monthly changes in FD. This was in part due to participants
not strictly adhering to the protocol for measuring FOO, their variable accuracy in estimating FOO
between months and the fact that estimates of PGR were not routinely made in the paddocks being
grazed by the experimental flocks. However, without a more accurate and cost-effective method of
budgeting feed supply and quality the full potential of the 'measure as you grow' approach will not be
realised by woolproducers. With this in mind the 53 woolproducers currently involved in the Precision
Wool Production project are also part of a joint project between the Wool Program and CSIRO
Livestock Industries that aims to deliver accurate and timely estimates of FOO and PGR for their
individual paddocks derived from satellite images and delivered via the Internet (Henry et al.2002).
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OF PREGNANT AND LACTATING BEEF COWS
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SUMMARY
This study examined the tolerance of pregnant and lactating beef cattle to elevated concentrations of
sulphate (630, 1270 and 1910ppm sulphate) and other minerals in the drinking water. Feed intake,
cow weight change during the first 12 weeks of lactation, calf growth rate and return to oestrus activity
were all reduced appreciably when sulphate concentration was increased from 639 to 1270ppm. The
study highlighted the greater sensitivity of breeding females, compared with published data for steers,
to elevated concentrations of sulphate in the drinking water. It had been shown previously that steers
could tolerate concentrations of up to 2000ppm without production loss. Further, the study provides
evidence to support the Australian recommendation that 1000ppm sulphate should be the upper limit
for sulphate concentration in the drinking water of cattle.
Keywords: mineral intake, coal mine water, lactating cattle
INTRODUCTION
In a number of locations in Australia, open cut coal mining and beef production coexist. Both
subartesian water and rain water accumulate in the pits of open cut coal mines, resulting in high levels
of minerals in the form of sulphate, chloride, and metal ions such as sodium, calcium and magnesium.
During periods of drought, the availability of drinking water is of premium importance for grazing
cattle. Experiments in steers, under good nutritional conditions, have shown that consumption of
diluted pit water containing sulphate at levels lower than about 2000ppm was not associated with any
reduction in feed or water consumption or rate of liveweight gain (Harper et al. 1997). Lactating cows
have higher intakes of water than for steers and therefore have a greater potential for production to be
adversely affected by excessive mineral intake. The aim of this experiment was to determine the
effects of consumption of diluted coal mine pit water on the performance of pregnant and lactating
beef cattle and growth rate of their calves.
MATERIALS AND METHODS
The oestrus cycles of 91 crossbred cows (¼ Africander x ¼ Brahman x ¼ Hereford x ¼ Shorthorn)
aged approximately 3 years, were synchronized by the administration (i.m.) of prostaglandin just prior
to them being joined with fertile bulls. The cows were held under grazing conditions at the National
Cattle Breeding Station ‘Belmont’ near Rockhampton until about 10 weeks prior to the estimated date
of parturition for the first cow. At this time the cows were diagnosed for pregnancy by rectal
palpation and 24 of those found to be pregnant transported to the animal house at the J.M. Rendel
Laboratory. The cows were treated with a commercially available anthelmintic (Nilverm, ICI
Australia) when they first entered the animal house, and were confirmed to be free of external
parasites by visual inspection.
Table 1 Mineral composition (mg/kg) of Rockhampton town water and diluted coal mine pitwater
Chloride
Calcium
Magnesium
Sodium

Rockhampton
Town Water
≈ 52
≈ 17
≈ 10
≈ 30

630ppm
sulphate
998
86
159
336

1270ppm
sulphate
2032
174
323
684

1910ppm
sulphate
3056
262
487
1029

Cows were fed a mixture of long-chopped Rhodes grass (Chloris gayana) hay (N, 11.5; 5, 1.9; Ca,
2.6; Mg, 1.4; Na, 9.5; Cl, 17.5 mg/kg DM) with a minor inclusion of lucerne (Medicago sativa) hay ad
libitum through late pregnancy and for the first 12 weeks of lactation. Intake was measured daily. They
were allocated to one of four treatment groups (n=6) so that the range in live weight for each group
was similar. Each treatment group was housed together in a 5 m x 12 m pen in a roofed animal house.
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Drinking water was provided in troughs and intake recorded daily. Groups were allocated at random
to one of 4 sulphate concentrations in the drinking water: control (Rockhampton town water, 21ppm
sulphate), 630 ± 50, 1270 ± 60 and 1910 ± 60ppm. Sulphate was chosen as the reference solute
because of its relatively high concentration in pit water. The concentration of sulphate in water was
determined turbidimetrically according to the procedures described by Mottershead (1971).The
concentrations of other minerals were determined by the methods described by Robertson et al.
(1996). These concentrations are reported in Table 1 along with average historical values for town
water obtained from the Rockhampton City Council. Procedures for transport and storage of pit water
and its preparation for experiments with cattle were described by Harper et al. (1997).
Table 2. Productivity of cows drinking water of different sulphate concentrations
Control

630ppm
sulphate
527
32
6.6
530a,c

1270ppm
sulphate
537
32
5.7
506a,c

Cow weight at parturition (kg)
556
Calf weight at birth (kg)
32
Mean milk yield (kg/d)
6.5
Cow weight at calf
568a
weaning (kg)
3a
-31b
Cow weight change during the
12a
first 12 weeks of lactation (kg)
Calf weight at 12 weeks of age
106a
103a
95a,c
(kg)
Cows returned to oestrus
3
3
2
during lactation
a, b, c
Values with different superscripts within a row differ significantly (P<0.05)

1910ppm
sulphate
528
30
5.5
475b,c

SEM

Significance

23.5
1.63
0.35
21.2

ns
ns
ns
P<0.05

-53c

7.1

P<0.05

82b,c

5.8

P<0.05

0

-

n.s

Live weight of cows and calves were measured once a week before feeding. Liveweight change was
measured by linear regression analysis over 4 successive weekly measurements. Cows calved over a
period of 4 weeks. Milk yield of cows was measured during the 2nd, 4th, 6th and 12th week of
lactation using the weigh-suckle-weigh technique and the procedures used were described in detail by
Hunter and Magner (1988).
The return of cows to cyclic oestrus activity was monitored using plasma sampling and progesterone
radioimmunoassay (Amerlex-M, Amersham Aust.). Plasma values over background by 2 nmol/L
were taken to indicate a return to oestrus activity.
This experimental protocol was approved by the local CSIRO Animal Ethics Committee.
Statistical analysis
The statistical significance of treatment differences between the various parameters was determined by
analysis of variance (ANOVA) with one factor (treatment). For parameters measured on more than
one occasion during the experiment a repeated measures ANOVA was used. A least significant
difference test was used to identify the difference between individual treatment means. The
differences in number of cows returning to oestrus activity was determined by chi-squared analysis.
Values are reported as a mean and standard error. Statistical Analysis System computer software
(SAS 1988) was used for these analyses. Means were considered to be significantly different when
P<0.05
RESULTS
Cow live weight 4 weeks before parturition and liveweight change over the 4 pre partum weeks for
control cows (581±21kg, 0.15±0.1kg/d) was not significantly different from cows offered pit water
containing 630 (550±24 kg, 0.09±0.2 kg/d), 1270 (523±21 kg, 0.26 kg/d) or 1910 (563±26 kg, -0.03
kg/d) mg sulphate/L. Feed and water intake of control cows, and cows offered the various
concentrations of pit water are presented in Figures 1 and 2. The differences in feed and water intakes
between treatment groups could not be tested statistically because voluntary feed and water intakes
were measured on a group basis. These differences in feed intake were associated with significant
(P<0.05) differences in weight gain of the cows during the first 12 weeks of lactation (Table 2). Cows
drinking water of the lower two sulphate concentrations gained weight during this period, whereas
cows on the higher two concentrations lost more than 30 kg.
Milk yield was not significantly affected by treatment, through a trend for decreasing yield with
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increasing sulphate concentration was apparent. When milk yield of cows consuming pit water
containing 1270ppm sulfate or greater was compared to cows consuming water containing 630ppm
sulfate or less, the difference approached significance (P = 0.06).
Birthweight of calves from control cows was not significantly different to that for calves born to cows
offered higher concentrations of sulphate in the drinking water (Table 2). There were significant
(P<0.05) reductions in calf growth rate as pit water content of drinking water increased.
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Figure 1. Feed intake of cows offered Rockhampton town water and diluted coal mine pitwater (DM, dry
matter; LW, live weight).
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Figure 2. Water intake of cows offered Rockhampton town water and diluted coal mine pitwater (DM,dry
matter;LW,live weight).
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DISCUSSION
The results of this study provide evidence to support recommendation that 1000ppm sulphate is the
upper limit of tolerable concentration for cattle (ANZECC 1992). It also highlights the reduced
tolerance of breeding cows compared to published data for steers. Based on the results from a number
of experiments Harper et al. (1997) concluded that water intake, feed intake and liveweight gain were
not adversely affected in steers drinking up to 2000ppm sulphate in the drinking water. The present
study demonstrated that productivity of breeding cows was adversely affected when sulphate
concentration was increased from 630 to 1270ppm.
Robertson et al. (1996) suggested that the prime determinant of tolerance to high sulphate drinking
water might not be the concentration in the water but the tolerable load of sulphur being added to the
rumen pool. In one of the experiments reported by Harper et al. (1997) steers fed a high quality
roughage had the same water intake at sulphate concentrations of 1000 and 2000ppm. The ingestion
of sulphate by the steers drinking the higher concentration of sulphate in the diluted pitwater was
260mg/kg live weight. This was in excess of the sulphate load by lactating cows in the current
experiment (229mg sulphate/ kg live weight). Comparisons with other studies in which sulphate and
other mineral enriched drinking water was offered to lactating cows (Bahman et al.1993; Solomon et
al.1995) lead to the conclusion that the reduction in water intake, feed intake and productivity may be
related to the total mineral load rather than the reference solute, sulphate per se. It needs to be noted
that the diluted pit water offered in the present study also contained elevated concentrations of other
ions, especially chloride.
The results of this study are consistent with the suggestion that lactating cows are less tolerant to
elevated sulphate concentrations in the drinking water than steers, and that this lesser tolerance needs
to be considered when framing national water quality guidelines.
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SUMMARY
This study compared two nutrition management strategies in the supply chain of cattle exported from
northern Australia to the Philippines. One was the traditional protocol, which involved transport from a
grazing property to the coast, adaptation to the shipboard diet in yards near the port, a sea voyage and
finally finishing on a local feedlot diet in the destination country. The other strategy involved feeding a
high molasses diet (50% of the dry matter) for 50 days prior to export, during the voyage and throughout
the finishing period. The experiment was conducted under commercial conditions and unplanned events
occurred. The data show that feeding cattle productive low cost diets in depots near ports may be a viable
alternative to the more conventional export protocol, at times of the year when the supply of northern
cattle is restricted due to seasonal conditions.
Keywords: molasses diets, cattle, live exports
INTRODUCTION
This paper reports an experiment conducted under the commercial realities of the live cattle export
industry. The primary aim was to evaluate the use of a high molasses diet in the live export supply chain.
The poor availability of cattle during the northern wet season presents supply problems to Asian
companies and is causing them to look elsewhere for cattle. A supply chain that allows purchase of cattle
before the wet season, with backgrounding and value adding in this country, would suit the business of
Asian importers. The development of depots for intensive feeding of cattle, based on cheap feedstuffs
would be of obvious benefit. Opportunities exist to exploit by-products from the sugar cane industry.
Approximately 600,000 tonnes of molasses are exported each year, often at a price much lower than
could be attracted on the domestic market. Millions of tonnes of bagasse, the fibrous residue from cane,
is also produced. Much of this is burnt as a fuel source for the sugar mills or simply destroyed. Research
at CSIRO in Rockhampton has shown that liveweight gains greater than 1.2 kg/d can be achieved on diets
containing >45% molasses on a dry matter basis (Hunter 2000). Given the juxtaposition of the sugar
industry and the North Queensland live export trade, it is logical to consider how this research might be
applied to the live export industry.
MATERIALS AND METHODS
Animals and experimental treatments
A uniform cohort of 415 high grade Brahman steers from a commercial property on the Barkly Tableland
were divided into two treatment groups on the basis of liveweight. All steers over 270 kg were allocated
to one group and all under 270 kg were allocated to the other group. The initial mean ± sem weights were
285 ± 0.76 (n=210) and 261 ± 0.66 (n=205). Steers were allocated to treatments in this way because the
commercial companies involved wanted all animals to enter the feedlot in the Philippines at about the
same weight. The judgment was that the steers fed the high molasses diet prior to export would grow
faster than steers fed on pasture during the northern Australian dry season.
The heavier group was allocated to a “normal” supply chain protocol, which involved the following:
(i)
Road transport from the Barkly Tableland to a commercial property near Hughenden (2 days)
(ii) Grazing (agistment) on pasture for 50 days
(iii) Road transport from Hughenden to a feeding depot near Townsville (1 day)
(iv) Pre-shipment adaptation period in Townsville during which they were fed the shipboard diet of
Fibremax export pellets (6 days)
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(v)
(vi)
(vii)
(viii)

Sea voyage to General Santos, Philippines (11 days)
Induction to feedlot (8 Days)
Fed control feedlot diets (Table 1,2) for 87 days
Transport by sea to Manila (3 days) and slaughter.

The lighter group of steers was allocated to the high molasses supply chain treatment, which involved the
following:
(i)
Road and rail transport from the Barkly Tableland to a feeding depot near Townsville (3 days)
(ii) Fed Fibremax Energy Plus (50% molasses on a dry matter basis) at a depot near Townsville for 56
days
(iii) Shipment to General Santos, Philippines (11 days)
(iv) Induction into feedlot, General Santos (8 days)
(v) Fed high molasses diet in feedlot for 87 days (Tables 1 and 2)
(vi) Transport by sea to Manila (3 days) and slaughter.
Table 1. Diets fed in Philippine feedlot (% in dry matter)
Control diets
Green corn chop
Molasses
Pineapple pulp
Leucaena pulp
Concentrate mix

First 31 days
31
12
15
42

High molasses diet
Final 56 days
55
31
14

29
46
6
19

Husbandry procedures
The protocol for this study was approved by the Tropical Beef Centre Animal Experimentation and Ethics
Committee. Steers in the lighter group were implanted with Synovex Plus at the time of allocation to
treatment at the property on the Barkly Tableland and both groups were implanted with Synovex Plus
during induction to the feedlot. Just prior to export, all steers were treated with Cydectin pour-on to
eliminate internal and external parasites. At the feeding depot near Townsville, steers were held in yards
and fed once per day from troughs. The contractor engaged to feed and care for the animals had
instructions that the diet be fed ad libitum. For 8 days after the steers were unloaded in the Philippines,
they were adapted to final diets by gradually increasing the ratio of feedlot diet to shipboard diet.
Engine problems on the ship resulted in a reduction in speed and a 3.5-day addition to the voyage from
Townsville to General Santos. This necessitated feed restrictions for 5 days. Some animals became weak
and some were injured. 24 steers in the standard export protocol and 55 steers in the high molasses
protocol were put in hospital yards at the feedlot and fed their allocated treatment diets. Weak and
injured animals were treated with multivitamins and/or antibiotics. When health and fitness returned,
they were returned to their normal treatment groups (Day 13-18).
Measurements
Individual live weights of steers were measured at the beginning and end of each of the phases in the
supply chain. Feed intakes on a group basis were recorded during the 56-day depot period at Townsville
and during finishing in the feedlot in the Philippines. At slaughter, carcass weight, fat depth at the P8
rump site, fat colour (AusMeat) and meat colour (AusMeat) were measured.
Statistical analysis
The significance of difference between the productivity and ultimate carcass characteristics of steers on
the two export protocols was determined by analysis of variance. Means were considered to be
significantly different at P<0.05. Because the two groups of steers were selected to be of different initial
live weights, data were adjusted using initial live weight as covariate. Carcass data were adjusted using
carcass weight as a covariate.
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Table 2. Concentrate mixture fed to cattle in Philippine feedlot (% fresh weight)
With Standard Diets (%)
20.00
59.00
5.00
10.23
2.00
1.05
1.00
1.50
0.22

Rice bran
Copra meal
Leucaena leaf meal
Molasses
Limestone
Urea
Sodium Chloride
Tricalcium phosphate
Vitamin and mineral mix

With High Molasses Diet (%)
34.00
44.00
5.00
11.00
2.00
1.05
1.00
2.00
0.22

RESULTS
Growth rates during 2 live export supply chain systems
The changes in live weight and liveweight gain during the various phases of the export supply chain are
given in Table 3. The steers allocated to the high molasses export protocol were on average 24 kg lighter
than those on the standard protocol at the commencement of the study. When this difference is accounted
for statistically so the comparison is made using the same adjusted initial weight, the total weight gains
from source property on the Barkly to slaughter in the Philippines were 138 and 147 kg for the high
molasses and standard protocol steers respectively (Table 4). The difference was statistically significant
(P<0.05). The carcass weights of steers on the standard protocol were 8 kg heavier than that from the
high molasses steers (P<0.05).
Table 3. Liveweight gain and feed intakes during the different phases of the export supply chain
Parameter

Standard
Protocol
Mean

Initial wt.at background/depot
Wt. gain source to background
Final wt.at background/depot
ADG during pasture agistment/depot (kg) (50 day)
Wt.change during pre-shipment and shipping (18 day)
Wt.on entry to feedlot induction (8 days)
Wt.on feedlot entry
Final wt.in feedlot
Wt.gain in feedlot (kg/d)
Mean feed intake (g DM/kg Lwt) in feedlot
FCE (g DM/kg Lwt gain) in feedlot

262
-23
299
0.74
-25
274
282
427
1.66
27.0
6.23

No. of
Animals
210
210
210
210
210
210
209
207
207
207
207

High Molasses
Protocol
Mean
No. of
Animals
240
205
-21
205
273
205
0.68
205
6
204
280
204
282
204
404
200
1.42
200
28.2
200
7.09
200

The data for subcutaneous fat depth, fat colour and meat colour were adjusted by covariance analysis so
comparisons could be made at the same carcass weight. Feeding cattle on the high molasses diet for 162
days significantly (P<0.001) reduced fat depth at the P8 rump site and significantly (P<0.001) whitened
the colour of the fat (Table 4). There was no significant effect on meat colour.
Table 4. Overall weight gain and carcass characteristics of steers. (SPACE BEFORE OVERALL)
Standard
Protocol
Mean
Initial wt.at source(kg)
Final weight (kg)A
Total weight gain (kg)A
Carcass weight(kg)A
P8 fat depth (mm)B
Ausmeat fat colour B
Ausmeat meat colour B
A
Adjusted for initial weight
B
Adjusted for carcass weight

285
420
147
231
16.4
4.6
3.1

High molasses
Protocol
Mean
No. of
Animals
261
205
411
200
138
200
223
167
12.4
167
2.9
167
3.3
167

No. of
Animals
210
207
207
195
195
195
195
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SEM

0.7
2.0
2.0
1.4
0.2
0.07
0.05

Significance

P<0.001
P<0.05
P<0.05
P<0.05
P<0.001
P<0.001
n.s
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DISCUSSION
The results of this study have shown that a strategy in which cattle are prepared for export in depots in
Australia is a viable alternative to the more traditional system. Cattle accustomed to the high molasses
diet and feedlot conditions while still in Australia adapted more readily to conditions on ship and to
conditions in Asia than cattle exported directly off pasture. Stockpiling and adding live weight to cattle
in depots close to cheap sources of molasses and fibre would ensure consistency of supply to customers
during periods of erratic supply due to seasonal conditions.
In interpreting the results of this study, three significant factors need to be considered. Firstly, growth
rate in the depot in Townsville on the high molasses diet (0.68 kg/d) was only half the growth rate on a
very similar diet in the Philippine feedlot. Feed intake in the Townsville depot was 2.0% of bodyweight
compared to 2.7% bodyweight in the Philippines. Since the dietary formulations were similar it is
possible that the animals were fed a restricted rather than a true ad libitum diet. Feed intakes in other
CSIRO experiments with essentially the same formulation as fed in Townsville were 2.4% to 3% of
bodyweight, which suggests that a feed restriction was imposed.
The second significant factor is the decision by the Philippine feedlot to increase the molasses content of
their standard diet from 12 % to 31 % when pineapple pulps was withdrawn from the diet after 31 days.
This meant that the comparison was between a 31% molasses diet and a 46% molasses diet. It is possible
that the obvious rapid growth rates and the robust good health of the 46% molasses steers in those first 27
days gave the feedlot manager the confidence to increase the energy density of their standard diet by the
incorporation of 19% more molasses than they had been fed previously. The study fortuitously provided
information on the growth rates that can be expected when green chop corn is mixed with molasses at
moderate (31%) as well as high (46%) incorporation rates.
The third factor that had a substantial influence on the final live weight of the standard export protocol
steers was the rapid liveweight gain (0.74 kg/d) on the agistment property near Hughenden. Such gains
are atypical during the northern dry season. A more typical scenario would be liveweight change in the
range of –0.3 to +0.3 kg/d. These steers gained 37 kg during the pasture phase. Thus it could be argued
that in a more normal dry season, the overall weight gain would have been significantly less that that
recorded in this study. The combination of these 3 factors; diet and/or feeding management in
Townsville, change to moderate inclusion of molasses in the Philippine feedlot and unusual pastoral
conditions in northern Australia, tended to favour the liveweight performance of steers in the standard
export protocol.
Feeding steers a 46% molasses diet for 162 days reduced the depth of subcutaneous fat at the P8 site and
reduced the yellowness of the fat colour. There is also evidence from other CSIRO experiments that as
the inclusion rate of molasses in the diet increases, the depth of subcutaneous fat decreases (Hunter 2000;
R.A. Hunter and S.K. Blakeley unpubl. data). Finishing steers on a high molasses diet would be of added
benefit in those countries where the market is for leaner beef. The molasses, Fibremax, cotton seed diet
that the steers were fed in the Townsville depot contains essentially no β-carotene, so it is not surprising
that the steers fed this diet had whiter fat than steers fed appreciable amounts of green corn leak and stalk.
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SUMMARY
This experiment was designed to test the effectiveness of oral vaccination with infective larvae and
protein supplementation in accelerating the development of resistance of grazing Merino weaners (6
months old) to infection with T. colubriformis. Animals grazed as a single flock and received 3 times
each week either 0 or 140 g/day cottonseed meal (CSM). Within each level of supplementation
animals were either repeatedly treated with anthelmintic to preclude infection, exposed to field
infection or vaccinated with a total of 42,000 T. colubriformis L3 in 8 doses over an 18 day period.
After 7 weeks all infections were terminated and all animals received a challenge infection with
24,000 T. colubriformis L3. Four weeks after challenge worm counts were determined. Sheep that
received CSM grew faster (45 g/day) and when exposed to field infection had a FEC 67% lower than
nil fed animals. Worm counts after challenge were not affected by vaccination but were 28% lower in
animals previously fed CSM. In summary, supplementation with CSM hastened the development of
resistance to T. colubriformis but vaccination was ineffective.
Keywords: protein supplementation, vaccination, T. colubriformis, sheep, nematodiasis, immunity

INTRODUCTION
The failure of young grazing sheep to develop immunity to gastrointestinal (GI) parasites until well
into the second year of life represents the major animal health challenge to the Australian sheep
grazing industry (McLeod 1995). A number of explanations have been suggested for the slow
development of immunity to GI parasites in young sheep at pasture including (i) insufficient antigenic
stimulation resulting from rates of field infection insufficient to initiate an effective immune response
(Windon et al. 1984); (ii) interrupted infections due to anthelmintic treatment which delays or
diminishes previously acquired immunity (Barger 1988); and (iii) inadequate supply of scarce
nutrients such as metabolisable protein (MP) resulting in an inability to supply the metabolic
precursors required by the immune system during parasitic infection (van Houtert et al. 1995).
In contrast to the situation with young sheep grazing at pasture, pen-based experiments have
demonstrated that immunity to T. colubriformis (Barnes and Dobson 1993) can be acquired by young
sheep following just weeks or months of infection. Nevertheless, susceptibility of young grazing
sheep to GI parasites remains an industry problem and differences between pen and field observations
have yet to be adequately explained. Therefore, this experiment was designed to test the following
hypotheses. Firstly that the prolonged susceptibility of young Merino sheep grazing at pasture to GI
parasites was due to insufficient antigenic stimulation and that oral vaccination with GI parasites
would accelerate the development of resistance. Secondly that an increased supply of MP would
further enhance the beneficial immunological effects of vaccination and provide complete resilience to
infection. Resilience refers to the ability of animals to maintain production during infection.
MATERIALS AND METHODS
Experimental design, animals and location.
The experimental design was factorial with two levels of supplementation and three levels of
nematode infection. Sixty eight finewool Merino wether weaners (6 months of age) that had been
born and raised on pasture were used in the experiment. Animals were stratified on the basis of initial
live weight and allocated randomly from within each live weight group to infection and
supplementation regimen. The mean (± sd) live weight of the animals at the start of the experiment
was 20.9 ± 2.1 kg and at this time animals were drenched with Numectin® to remove GI nematodes
(Ivermectin, 200 µg per kg; Nufarm Animal Health). Animals grazed as a single group in the
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experimental paddocks (total area of 5 ha) at the University of New England, Armidale.
experiment was approved by the Animal Ethics Committee of the University of New England.

The

Supplementary feed and feeding protocol
Pelleted CSM (900 g DM/kg fresh weight; 920 g OM/kg DM; 300 g CP/kg DM; 10 g P/kg DM) was
used as the supplementary feed. Typically CSM contains c. 50% rumen degradable protein and is
expected to supply 150 g MP/kg DM (Freer et al. 1997). From day 1-49 supplemented animals (n =
34) were offered CSM on 3 days each week at a level to provide for a daily offering of 140 g/head.
The feeding protocol was such that all animals were mustered to yards where supplemented animals
were separated and offered the CSM in individual pens (dimension 1.0 x 0.3 m). Animals were given
45 min to consume the supplement and then residual supplement was weighed and subsampled.
Animals that did not receive supplement (n = 34) were held in a yard during this period.
Infection details
Within each supplement regimen, animals were subjected to three different infection regimens namely,
suppresively drenched (D; n = 8), field infection (FI; n = 13) or FI plus artificial infection (AI; n = 13).
Animals in the D group were given an oral drench with Cydectin® (moxidectin, 0.2 mg/kg; American
Cyanamid Company) and Scanda® (8 mg/kg levamisole hydrochloride and 4.5 mg/kg oxfendazole;
Schering-Plough Animal Health) on day 1. On day 14 and thereafter weekly for the following 5
weeks, D animals were drenched with Numectin® and Scanda®. Animals in the AI group were given
an artificial infection of 42,000 T. colubriformis L3 over an 18 day period. The artificial infection
consisted of 15,000 L3 on days 1 & 18; and 2,000 L3 on days 3, 5, 7, 10, 12 and 14. On day 49 all
animals were drenched with Numectin® and Scanda ® and CSM supplementation ceased. On day 56 a
total of 32 animals comprising 12 from each of the FI and AI groups and 8 from the D group were
selected at random and challenged with 24,000 T. colubriformis L3. The remaining animals (n = 36)
did not receive further artificial infection. On day 84, animals that had been given an artificial
challenge were stunned with a captive bolt gun and then exsanguinated.
Animal and pasture sampling
Animals were weighed weekly between days 1 - 56 and then again at days 77 and 84. On the same
days faeces were collected to estimate faecal egg count (FEC). On day 42, faeces were bulked within
treatment groups and cultured for 7 days to determine nematode genera contributing to FEC. After
slaughter (day 84), the small intestine was immediately recovered and processed for estimation of
number of adult males, adult females, juveniles and by addition of these parameters the total number
of intestinal nematodes of the various genera. Pasture was sampled to determine herbage mass (kg
DM/ha) and percentage green and dead on days 3, 42 and 83. The sampled herbage was dried (80ºC
for 5 days), ground (1 mm) and analysed to determine N (presented as crude protein (CP) = N x 6.25
g/kg DM) and phosphorus (P; g/kg DM).
Statistical analysis
A Generalised Linear Model was used in the analysis of data fitting the independent effects of
supplementation and infection. Repeated measures was used for all variables except worm counts.
Starting live weight of animals was used as a covariate for the analysis of live weight. Faecal egg
count and T. colubriformis numbers were cuberoot transformed prior to analysis and backtransformed
means are presented in this paper. In all other cases least squares means are used throughout the
results. The computer program SAS (SAS Institute Inc. 1990) was used for all analyses.
RESULTS
Mean values for total and green herbage mass (kg DM/ha), CP (g/kg DM) and P (g/kg DM) were
2,461, 1,360, 100 and 2.1 respectively on day 3; 3268, 608, 67 and 1.9 respectively on day 42; and
1856, 145, 86 and 1.6 respectively on day 83. Average intake (± sd) of CSM was 134 ± 3.2 g/day.
Supplementation with CSM increased (week 1 P<0.05; weeks 2-7 P<0.01) live weight during the
initial 7 week infection period with differences apparent 1 week after the start of feeding (Figure 1).
Mean weight gain over the first 7 weeks for supplemented animals was 102 g/day which was greater
(P<0.01) than the 57 g/day recorded for nil fed animals. Weight gain during the post challenge period
(day 56-84) was unaffected by previous feeding regimen so that live weight of previously fed animals
continued to be greater (P<0.01) (Figure 1). Live weight was unaffected by infection regimen and
there was no significant interaction between the effects of supplementation and infection.
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Figure 1. Live weight (mean ± pooled SEM) during the initial infection period (weeks 1-7) and following
challenge with 24,000 T colubriformis L3 (weeks 8-12). Animals were supplemented with cottonseed meal
(Fed) or not (Nil fed) and were either drenched weekly (!), or received field infection (") or field plus
artificial infection with T colubriformis L3 (#). D represents drenching and C the time of challenge.

Faecal egg count of FI animals was reduced (P<0.05) by CSM when averaged over the initial 7 week
period (Figure 2). Supplementation did not affect FEC of animals which received AI. Faecal egg
count 3 and 4 weeks post challenge (weeks 11 and 12) was unaffected by prior infection or
supplementation regimen and averaged 566 epg and 898 epg respectively. Larval culture of faeces
collected at day 42 indicated that 67% and 78% of nematode eggs were Trichostrongylus spp in FI and
AI weaners respectively. Teladorsagia spp accounted for, on average, 16% and 14% and
Haemonchus contortus 16% and 8% of nematode eggs in FI and AI animals respectively.
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Figure 2. Backtransformed mean faecal egg count during the initial infection period (weeks 1-7). Animals
were either supplemented with cottonseed meal (+ CSM) or nil fed (- CSM) and received either field
infection or field plus artificial infection.

Counts of adult and juvenile T. colubriformis on day 84 were unaffected by previous infection regimen
or supplementation and total adult and juvenile counts averaged 9,367 and 182 respectively.
However, there was an indication (P=0.27) that animals which had previously received CSM had
fewer adult T. colubriformis after challenge. Mean total adult counts for CSM supplemented and nil
fed groups were 7,739 and 10,750 respectively.
DISCUSSION
The hypotheses tested in this experiment were twofold. Firstly, oral vaccination, achieved by AI, of
young grazing Merino weaners would accelerate the development of resistance. Secondly, that an
increased supply of MP would further hasten the beneficial immunological effects of vaccination and
provide complete resilience to infection. Our findings do not support the first hypothesis. Artificial
infection with 42,000 T. colubriformis L3 administered over an 18-day period and resident in the
animal for a further 31 days did not result in greater resistance to a subsequent challenge infection.
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The failure to increase the immunocompetence of young grazing sheep with this vaccination protocol
is in contrast to that observed with similar, but housed, animals. For example Barnes and Dobson
(1993) infected Merino lambs (26 weeks of age) with 36,000 T. colubriformis L3 over a 6-week period
and reported establishment rates to subsequent challenge of 9% (omitting 1 non-responder) indicating
the development and persistence of resistance to infection. Similarly Windon et al. (1984)
demonstrated that vaccination with 2 x 20,000 irradiated T. colubriformis L3 over a 4-week period
provided 76% protection to subsequent challenge. In the current experiment however, establishment
rates to subsequent challenge were considerably greater at around 39%. This figure is an estimate only
because field infection following artificial challenge could not be quantified.
The lack of an effective immunological response by young grazing sheep to vaccination procedures
similar to those successful in housed animals is difficult to reconcile but is an important finding of this
experiment. It is possible that differences between grazing and housed sheep to vaccination are due to
dietary insufficiencies experienced by grazing sheep but not by housed sheep because of the routine
addition of mineral and vitamin premixes to experimental foods. For example, dietary levels of
phosphorus (Coop and Field 1983), molybdenum (McClure et al. 1999) and cobalt (Suttle and Jones
1989) have been reported to influence the acquisition of protective immunity.
In regards to the second hypothesis, supplementation with CSM increased resistance to field infection,
reduced T. colubriformis burden by 28% following challenge but did not lower FEC of AI animals. It
is possible that the increased MP supply as a result of CSM supplementation accelerated the
acquisition of resistance resulting in reduced establishment rates of incoming larvae in FI animals.
Such effects were not evident in AI animals where 21,000 L3 were administered by day 7 at which
stage effects on establishment may not yet have been fully operational. Dietary effects on
establishment of T. colubriformis have been reported in periparturient ewes (Donaldson et al. 2001)
but in contrast, van Houtert et al. (1995) concluded that MP supply was ineffective at altering
establishment rates of T. colubriformis in young Merino sheep although it enhanced immunity against
mature worms. An alternative explanation to account for the effect of CSM supplementation in
reducing FEC of FI but not AI animals is that CSM reduced pasture intake and hence larval intake.
However, as FEC of FI animals was reduced by 77% and pasture substitution, as a result of CSM
supplementation, estimated (Freer et al. 1997) to be only 6%, this explanation is unlikely to have been
a major factor in the reduced FEC of FI animals. Supplementation with CSM increased weight gain
but as infection regimen did not influence growth it was not possible to assess effects on resilience.
In conclusion, our results support the usefulness of CSM supplementation in accelerating the
development of resistance to T. colubriformis. On the other hand, oral vaccination with live T.
colubriformis L3 had no such effect. The differences between grazing and housed animals in
immunoresponsiveness to vaccination are important and warrant further consideration. Identification
of the factors responsible for these differences will be of great value to sheep producers dealing with
increasing levels of anthelmintic resistance.
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SUMMARY
The Victorian goat meat industry is a significant contributor to export earnings, which is derived
largely from the harvest of feral goats. The potential for exports of farmed goat meat into Asian
product markets is being developed in a supply chain approach with producers, processors, exporters
and Asian importers. Producers have been networked in four locations to improve supply capability
and participate in production and economic benchmarking. In the absence of an existing market for
premium farmed goat meat, a larger group of producers are cooperating with a marketer to develop a
niche market in the Asian food service sector. This presents a challenge to the group in developing
commercial relationships and playing a role in the marketing of their goat meat.
Keywords: goat, goat meat, market development
INTRODUCTION
Australian goat meat production is currently valued at approximately $20 million per annum, with
considerable opportunities for expansion. Australia is the world’s leading exporter of goat meat, with
most meat originating from captured wild (feral) goats.
Victoria exports over $11 million of goat meat (Australian Bureau of Statistics 2001). The vast
majority is from feral goats transported from interstate. There are no reliable statistics on numbers of
farmed goats in Victoria, with official figures given as only 9,045 head (ABS 1999). More than six
abattoirs process goats on a regular basis for domestic and export markets. In 1999 the Agribusiness
unit of DNRE identified goat meat as an industry that had potentially large export markets (Anon.
1999).
Farmed goat meat holds considerable potential for Victorian producers but the industry is currently
restricted by lack of supply and little differentiation from feral goats. The Australian Goat Industry
recognisees that “the continuing development of the goat meat industry is dependant on providing
continuity of supply, improved carcase quality, increased numbers of goats farmed for meat, forward
contracts and marketing alliances.” (Meat and Livestock Australia 2000).
Practical problems have restricted the growth of meat goat farming in Victoria. Regular public auction
systems for goats do not operate in the state, often relegating goats to trading between farmers of like
interests, resulting in the ‘hobby farm’ tag. Despite interest in farming goats for meat since the late
1970’s little change has occurred in the Victorian goat meat industry (Ebbott and Morey 1983). While
there are low volume domestic markets for milk-fed kid (capretto, 4-7 kg dressed weight), they are
seasonal and often a bi-product of the goat fibre industry. Fibre breed societies dominate the industry
and genetic improvement for meat production is largely undeveloped.
Export markets for heavier carcasses (12-16 kg dressed weight both skin-on and skin-off), are
dominated by feral goats with no identifiable quality trait other than weight. Farmed goats are included
in consignments but occupy no identifiable niche of their own.
The result has been an extremely fragmented industry. Farmers often lacked knowledge of buyers,
abattoirs play a minimal role in industry development, and exporters provide limited market
information back along the supply chain.
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There are a number of potential markets for higher value goat meat products, which need further
investigation, including Taiwan, Malaysia, USA and food service markets in wealthier Asian markets
such as Singapore and Hong Kong. Markets need to be explored and developed for skins and coproducts (such as offal) to add value to the industry, thereby improving returns to producers and
processors.

The Department of Natural Resources and Environment had undertaken little work on meat goats and
had not focussed on integrating the supply chain until a specific initiative was developed to address
these needs. ‘Naturally Victorian’, a State Government initiative, is providing funding to develop an
integrated supply chain approach to developing the farmed goat meat industry.
This project aims to develop an organised supply of goat meat from farmed goats rather than from the
continual harvesting of a wild (and depleting) resource that is significantly affected by harvesting
pressures and reduced carcase quality through disease, poor nutrition or long periods of transport.
A ‘supply chain’ consists of those individuals or entities, which are an essential component of a ‘route
to market’ for, farmed goat meat. Communication between supply chain members is vital, particularly
the feedback of market signals to producers.
Anticipated outcomes for the project can be summarised as:
1. The development of sustainable goat meat exports, thereby increasing the value of goat meat
exports from Victoria and;
2. The development of a competitive market-driven, sustainable meat goat industry, with farmers in
major producing regions clearly dedicated and focussed on working with processors to meet the
needs of the market.
MATERIALS AND METHODS
Awareness phase and identifying industry needs
Awareness seminars were initially conducted in 1999 and 2000 across the state. The seminars
introduced goat husbandry, farm profitability, market information and introduced networks, buyers
and abattoirs. This culminated in a Goat Meat Industry Forum with 150 industry stakeholders held in
Melbourne in June 2000. The key needs and issues of the industry were identified as:
1. Coordination and development of the industry at regional and/or state level, including inputs from
industry and government.
2. Increase supply of consistent quality product, including animals for slaughter and availability of
breeding stock at commercial prices.
3. Research and development: financial analysis to determine the profitability of goat farming,
production systems, animal husbandry and management, and the extension of this information to
industry (for fibre and meat sectors) and, the development of markets for bigger carcass products.
4. Industry co-ordination: need for an agreed direction for the entire industry. And a Representative
peak body.
5. Networks (regional and/or state) between growers, marketers, processors and government to
improve flow of information and to facilitate better relationships.
6. New players in the industry lack access to capital.
7. Marketing and promotion, including by-product marketing to add value to the entire animal, and
promotion of farmed not feral goat products.
8. Education of the public to change perceptions about the product, and of mainstream farmers about
the benefits of goats, and of goat producers to improve consistency of supply.
9. Information for industry: market requirements/specifications, suitable pasture species, location
constraints
Industry owned project development and producer groups
Development of a managed supply chain was seen as the most appropriate approach to addressing the
majority of the industry’s needs identified in the forum.
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The project team identified farmers, processors (abattoirs), exporters and importers as the most critical
links in the supply chain to get a premium goat meat product from paddock to plate.
The initial steps undertaken by the project team to identify and engage these supply chain members
were:
I.
II.
III.

Call for an expression of interest from growers willing to be involved.
Call for an expression of interest from processors.
Commission Meat and Livestock Australia to undertake market research to identify Asian
customers seeking premium cuts of farmed goat meat.

The expression of interest for producers targeted commercially-focussed farmers with at least 300
breeding does. Most activities were initially focussed on the producers. Project team facilitators
adopted a workshop approach in four geographical regions: Maffra, Benalla, Swan Hill and Ballarat,
chosen for their proximity to the goat farmers participating in the project.
Realising that many growers were inexperienced and that technical and husbandry skills were still
needed, project facilitators delivered technical information within the framework of meeting market
specifications, thereby improving the farmers’ supply capability. The project team communicated
regularly with stakeholders, particularly with the Goat Consultative Committee of the Victorian
Farmers’ Federation. This committee was used as an industry steering group.
RESULTS
Producer groups
Up to November 30th 2001, four workshops were held in each location with average attendances of 6
at Maffra, 15 at Benalla and 12 at both Swan Hill and Ballarat. An initial audit of production potential
established that the grower network had over 12,000 breeding does, which represents about 70% of the
Victorian industry. The initial seminar was focussed on explaining the project and developing a
cohesive network of growers committed to working together. Topics presented at the following three
workshops were focussed on technical issues such as internal parasite control, grazing management
and reproduction, all of which impact greatly on the supply capability of the industry. There was also a
focused marketing session.
Production (Ferrier and McGregor 2002) and economic benchmarking were undertaken with the
producer groups to give them confidence in expanding their goat enterprise and to provide further
information on the economics of the industry. This information can also be used to assist other farmers
to make more informed decisions about diversifying into goat meat production.
The market research undertaken for this project could only produce information about the existing
markets for the commodity goat meat (feral) product currently being exported. The information
supplied by Meat and Livestock Australia about existing market trends was of limited value because
there is no existing market that differentiates a value-added premium farmed goat meat product. The
challenge for the project team was to take steps to establish a new market, utilising the skills of an
experienced marketer. Information was provided by Meat and Livestock Australia, who had begun
undertaking initial market testing for another potential supplier interstate. This information provided a
useful basis for starting the next steps in developing the supply chain.
The direct involvement of an abattoir was delayed until potential customers were identified, as
establishing their product specifications was seen as an essential first stage in the development of this
chain. This information from the marketplace is what producers need to respond to in their production
systems. The definition of markets would also influence the project team’s decision as to which
abattoir would be the most suitable partner in this supply chain, as each premises has different export
licenses and processing capabilities. Communication about the progress of the project continued with
the interested abattoirs throughout this time.
Development of a product market continued to be a challenge. The potential solution appeared to be
for the producers to establish a joint business arrangement with an experienced marketer who had the
ability to promote farmed goat meat to specific niche export markets. In December 2001, a targeted
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group of commercial-scale producers, with over 500 breeding does, met with an interested export
marketer, to examine the opportunity of developing food service markets in South-East and North
Asia. This was done with the view to undertaking an in-market promotion in Singapore early in 2002.
DISCUSSION
The development of a supply chain approach with an underdeveloped industry is a difficult task,
especially given that the immediate focus of many producers has been to improve their management
skills and increase production. Definition of market specifications outside the capretto market has also
been a challenge as this has predominantly been an export market reliant on meat from feral goats.
The identification of needs and issues resulting from the industry forum demonstrated a dependency
on government and industry bodies to support and develop the industry, and to take a lead role in the
coordination and education of producers. The supply chain approach has promoted a more
independent industry that is prepared to take a lead role in marketing and to commit to working with
other chain partners. Total acceptance of this approach has yet to be realised as the larger commercialsized producers are set to move past the ‘farm gate’ and play a role in establishing a niche product
market.
Identifying a suitable market is still an important step in the project, as is the involvement of a
committed processor. The ability of all chain partners to work together to supply a market is a major
challenge for the remaining two years of the project. Managing these commercial partnerships and
maintaining a high degree of transparency throughout the chain is a crucial success factor required for
the success of this approach. Workshops with the grower networks will continue into 2002, with
abattoir visits and feedback on market specifications for farmed goat meat in Asia a strong possibility.
Development of a supply chain project for farmed goat meat to Asia has been an evolving process.
Information gathered throughout the first year of operation has significantly changed the path to
successfully achieving the objective.
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SUMMARY
The degree of fermentation of leaves from 14 trees was ranked by relative gas pressures attained in an
in vitro system, and four were selected for further study. Progress of fermentation with rumen
microbes of fallen leaves of siris (Albizia lebbeck), yemane (Gmelina arborea), tipuana (Tipuana
tipu), and bauhinia (Bauhinia carronii), by themselves or in mixtures with angleton grass
(Dichanthium aristatum), was monitored by changes in gas pressure and recovery of cell wall as
neutral detergent fibre. With the addition of N to N-poor media, responses in fibre digestion ranged
from large and positive with yemane by itself or in mixtures with grass, to negative for bauhinia
mixtures in which formation of artifact cell wall was observed. Positive associative (non-additive)
effects on fibre digestion were recorded for 5 of the 6 leaf/media combinations for siris, yemane, and
tipuana, but negative effects were seen for bauhinia mixtures. Following extraction of leaf cell
solubles and fermentation of extracted leaf with grass, an increased associative effect was achieved for
bauhinia when compared to the unextracted leaf:grass mixture, but no difference was observed for the
other leaf types. This study indicated leaf fall from dry-season deciduous trees may provide
supplementary nutrition for cattle in northern Australia, but the benefits are highly species dependent.
Keywords: associative effects, leaves, supplements, rangelands
INTRODUCTION
In pasture systems, fallen leaf from deciduous trees may make a significant contribution to nutrition of
livestock (Lowry and Wilson 1999). This raises the possibility of selection of dual-purpose trees for
agro-forestry that could provide nutrition for ruminants as well as timber value (Lowry and Seebeck
1997). One such tree is siris (Albizia lebbeck), present in northern Australian rangelands, the leaf of
which, offered to cattle as a supplement to a mature grass diet, markedly increased digestible dry
matter (DM) intake (Kennedy et al. 2002). In that study, we also suggested that when leaves of siris
were co-fermented with angleton grass (Dichanthium aristatum), positive associative (non-additive)
effects occurred.
The progress of digestion and the presence of associative effects between leaf and poor quality grass
may be assessed following fermentation by rumen microbes in vitro as the loss of fibre or as the
volume of gas produced from fermentation with rumen microbes (Wood and Manyuchi 1997). Both
methods have deficiencies. Compounds insoluble in neutral detergent may be produced as complexes
between protein in leaf cell wall and phenolic molecules or proanthocyanidins and hence be measured
as fibre (Reed 1986; Merkel et al. 1999). Whether this ‘artifact’ fibre leads to depressed fermentation
is uncertain, and a supplementary index of fermentation is desirable. Gas production is one such index,
but includes gas from fermentation of soluble material, and its relationship to fermentation of substrate
is dependent on stoichiometry, which may change with substrate, microbial inoculant, and as digestion
progresses.
The present study investigated fermentation in vitro of fallen leaves of 14 trees with potential as
fodder trees in northern Australian rangelands. Subsequently four were selected on the basis of their
potential value as dual-purpose trees for timber production and providing nutrients to cattle. These
species were siris, yemane (Gmelina arborea), tipuana (Tipuana tipu), and bauhinia (Bauhinia
carronii).
MATERIALS AND METHODS

Procedures and measurements
In experiment 1, fallen leaves of siris, yemane, tipuana, bauhinia, Albizia procera, Brachychiton
acerifolium, Albizia toona, Pongamia pinnata, Carissa ovata, Albizia basaltica, Atalaya hemiglauca,
Bursaria incana, Eucalyptus platyphylla, and Melia azedarach were ground (1 mm screen) and
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fermented alone or mixed 50:50 (DM basis) with ground angleton grass in complete (GVS) media
with 3 ml of rumen inoculum. On the basis of their potential as dual-purpose trees, and fermentation
rating of moderate or above, the first four leaf substrates were chosen for further study.
In experiment 2, leaf samples of siris, yemane, tipuana and bauhinia were fermented alone or mixed
with angleton grass in 25:75, 50:50, 75:25 and 100:0 ratios of grass:leaf, in media poor (NP) or rich
(NR) in N. In experiment 3, the four leaf types were sequentially extracted with hot ethanol and
boiling water, and 1 ml aqueous extract was added to angleton grass, to supply leaf cell soluble
material equivalent to that contained in an equal mixture of leaf and grass, and fermented in GVS
media. In addition, leaf or extracted leaf was fermented alone or with angleton grass, in order to
establish if removal of soluble material affected values of associative effects. The ratio of leaf:grass
was 50:50 for non-extracted leaf, and that for each extracted leaf type was calculated to provide the
same content of leaf NDF as its non-extracted counterpart. For description of procedures used, see
Kennedy et al. (2002). Formation of artifact NDF was indicated if NDF recovery increased between 0
and 6 h of fermentation.
Calculations and statistical analysis
Responses to N supplementation were calculated as the difference in NDF digestion of substrates in
NR and NP media, expressed as a percentage of initial NDF content of substrate, i.e., changes in NDF
digestibility at each sampling time. Responses in gas production were expressed as the percentage
increase in gas pressure for fermentation in NR, compared to NP media. Associative effects were
calculated within media as the difference in NDF digestibility between that measured in leaf:grass
mixtures, and that expected from NDF digestion of leaf and grass when fermented alone (Kennedy et
al. 2002), and are reported as %NDF digestibility units. Associative effects in gas production were
expressed as the difference in observed gas pressure and that expected from the component leaf and
grass, expressed as a percentage of observed values.
Results were subjected to analysis of variance. Effects of sampling time, media or substrate were
tested against residual. When the F-test was significant (P<0.05), planned comparisons were made
within sampling time between multiple means based on least significant differences.
Some of the results with siris were reported previously (Kennedy et al. 2002).
RESULTS
In experiment 1, yemane, Pongamia, Brachychiton, Bursaria and Melia leaves were relatively
fermentable, with gas production of 78-85% of that from angleton grass after fermentation for 72 h.
Gas evolved from siris and tipuana was about 65% of that from grass. Lower gas production (40-50%
of that from grass) was seen for bauhinia, Carissa, Atalaya, and A. basaltica, and there was evidence
of artifact NDF. A. toona, A. procera, and E. platyphylla also had moderate gas production, with
evidence of artifact NDF for the Albizia spp., and all were strongly inhibitory in co-fermentation with
grass.
In experiment 2, when NDF digestibility in NP and NR media was compared, it was found that N
addition did not affect digestion of leaf alone for siris, tipuana and bauhinia, but for yemane there was
an increase by 6 %digestibility units (P<0.05) after 12 h; this difference progressively disappeared by
28 h. For grass fermented alone in 4 runs, addition of N to the media lead to a significant increase
(P<0.05) in NDF digestibility of 4.5-7 units during mid-fermentation for experiments involving siris,
yemane and bauhinia, in contrast to a larger (19 units) response in the experiment involving tipuana,
indicating a greater N deficiency in that rumen inoculum.
Responses to extra media N, and associative effects for the 3 grass:leaf ratios within 4 leaf types, are
presented in Table 1. Associative effects for NDF digestion of 3 %digestibility units or more were
generally significant (P<0.05), and values of 2 to 3 units were less so (P<0.10). Positive associative
effects were seen in both NR and NP media for siris and tipuana, and in NR media for yemane.
Negative effects were noted for yemane in NP media and for bauhinia in both media. Gas pressure
differences were in general qualitative agreement with conclusions from NDF data. For bauhinia
mixtures, between 0 and 6 h of fermentation there was an apparent increase in NDF content of the
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bauhinia component by 44%, and this artifact NDF disappeared linearly over the subsequent 42 h.
Equipment failure resulted in the loss of the final time data for bauhinia.
In experiment 3, NDF content of leaves ranged between 28 and 52 (Table 2). During fermentation of
bauhinia leaf, 30% of the artifact NDF present at 6 h had disappeared in a linear fashion by 72 h. NDF
digestibility at 72 h of siris, yemane, tipuana and bauhinia respectively when leaf was fermented alone,
was 27, 47, 27 and –1% and cumulative gas pressure was equivalent to 62, 83, 56 and 44% that from
grass alone. The majority (80-90%) of NDF digestion from leaf was completed by 24 h, except for
bauhinia. N content of grass, siris, yemane, tipuana and bauhinia was 3.2, 17.8, 16.2, 13.5, and 10.6
g/kg DM respectively; solvent extraction removed 28, 33, 30 and 31% of leaf N respectively.
Associative effects were similar within leaf types when either non-extracted or extracted leaf was
used, with the exception of bauhinia, in which there was a significant (P<0.05) increased effect when
leaf was extracted. All extracts of cell solubles were slightly inhibitory (P<0.05) to fermentation when
added to grass; the inhibition for bauhinia was greater (P<0.05) than for the other leaf types (Table 2).
Table 1. Effects of additional N in media (comparison of digestion in NR and NP media), and associative
effects for NDF digestibility and gas production, within media at 3 times, with mixtures of leaf and grass
in 75:25, 50:50 and 25:75 ratios. Units: for gas, % change in volume; for NDF, change in %digesibility.
Associative effects
Effect of N
NDF
Time (h)

NDF

GAS

NP

GAS
NR

NP

NR

28 48 72

28

48 72

28

48 72

28

48 72

28

48 72

28

48 72

75:25

2

4

1

11

9

6

6

3

2

3

3

2

9

5

2

7

8

6

50:50

5

3

1

8

4

2

6

5

4

4

5

4

7

5

1

8

8

4

25:75

2

2

2

-6

-5

-4

3

5

2

1

1

3

7

4

1

1

2

2

41 17 10

-4

-2

-1

4

5

5

-13 -7

-5

7

6

6

-5

-4

-3

5

6

6

-5

-1

2

8

8

7

2

5

6

8

Grass: siris

Grass: yemane
75:25

12 9

10

50:50

15 7

1

26

25:75

15 5

11

8

75:25

4

8

6

50:50

9

25:75

10 4
4

4

2

2

2

4

5

7

4

1

31

21 6

7

5

2

2

2

1

15

17 13

6

6

4

10 4

20

14 5

8

6

4

3

3

4

10

12 8

2

2

0

1

2

13

6

5

5

4

3

2

1

12

13 9

8

4

3

75:25

-3

-2

-11 -7

1

-2

-2

1

14

18

-10 -45

50:50

-3

-2

7

5

-6

-3

-7

-2

-4

11

-30 -8

25:75

-5

-2

36

41

-10 -6

-6

-1

-26 -7

-27 -7

Grass: tipuana

2

5

Grass:bauhinia

Table 2. Content and digestibility of NDF in leaf after 72 h of fermentation, extraction of DM by solvents,
mean associative effects of leaf and extracted leaf when mixed with grass (50:50) and fermented for 28, 48
and 72 h in GVS media, and effects of soluble extract on NDF digestibility (%units).
Leaf NDF
content
(% DM)

Leaf NDF

Leaf DM

Associative effect

digestibility

extracted

(NDF digestibility)

(%)

(%)

28

48

72

Effect of extract on
NDF digestibility
28

48

72

Siris

48

27

34

2

3

3

-4

-2

-2

Yemane

28

47

51

0

2

3

-7

-2

-2

Tipuana

52

27

34

3

4

4

-3

-6

-3

Bauhinia

31

-1

42

-1 A

0A

0A

-9

-9

-2

3B

4B

1B
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non-extracted leaf, B extracted leaf

DISCUSSION
Leaf material would be of especial value for cattle performance in the dry season if it were high in
rumen available-N. For siris, yemane, tipuana and bauhinia, approximately 30% of leaf N was
extractable as cell solubles, however this was unlikely to be sufficient to relieve N deficiency in
ruminants eating poor quality hay. Thus, even when leaf comprised 75% of the mixture in experiment
2, a response to N of NDF digestion was observed with siris and tipuana. Even greater responses were
observed for all mixtures of yemane with grass, and indeed additional N stimulated digestion of
yemane leaf fermented alone, in contrast to the situation with the three other leaf substrates. Rosales et
al. (1998) reported that positive associative effects seen with tropical leaves in mixture with each other
varied with time and N supply. In the current experiment, a similar variable result was obtained with
yemane, for which some interactions of associative effects with N content of media were evident.
Apart from supplying N to microbes, desirable properties of leaf include high initial fermentability,
and promotion of positive associative effects when co-fermented with grass. As shown by the
depression of grass digestion when leaf solubles were added, a high content of readily-fermentable
material may not necessarily be desirable, although it needs to be recognised that this conclusion may
not apply in vivo. Indeed, the similar fermentation patterns for mixtures of grass with extracted or nonextracted leaf, indicated that when fermentation of cell solubles proceeded in situ, there was no effect
except when cell solubles appeared to contain anti-microbial properties, as in bauhinia.
The basis of positive associative effects is not clear, but may involve stimulation of microbial activity
by increased diversity of niches and microbial populations when leaf is mixed with grass (see Forsberg
et al. 1997). Limited data for siris and yemane leaf, for which amount of NDF digested over 72 h was
similar but associative effects differed, suggest that rates of NDF digestion or soluble material may
have had an influence. Diversity of rate and extent of NDF digestion in leaf relative to grass, may
allow more vigorous or extended digestion of mixed substrates.
There was general agreement between NDF and gas results indicating that the latter is a good proxy
for qualitative evaluation of associative effects in fibre digestion. Formation of artifact NDF, evident
with bauhinia, is an undesirable property in leaf from a fodder tree, as indicated by negative
associative effects in both NDF digestion and gas production observed with bauhinia in this study.
This study indicated the potential of leaf fall from trees to provide supplementary nutrients for cattle in
northern Australia. However, there are important between-species differences not apparent from
content of fibre and protein. On the basis of results presented here, siris and tipuana are good
candidates as fodder trees, whereas for yemane, clarification is needed of role of the higher NDF
digestibility and N requirements in determining associative effects. Considering that flower and pod
material also can contribute to feeding value of tree by-products (Lowry and Wilson 1999) further
assessment of candidate trees, in the context of further research into potential of dual-purpose trees,
appears desirable.
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SUMMARY
This paper summarises a series of studies conducted to investigate the incorporation of dietary
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) into meat and milk in ruminants. In
dairy goats and cows, EPA plus DHA was increased from undetectable levels to 1.5-1.7 % of total
fatty acids. At such levels nearly a quarter of the recommended daily intake of ω-3 PUFA can be
obtained from 250 ml (one cup) of milk. Feeding ω-3 PUFA supplement to lambs tripled the level of
EPA and DHA in trimmed muscle cuts (Longissimus dorsi), such that a 100 g would provide a quarter
of the recommended daily intake of ω-3 PUFA. Our studies indicate that some form of protection
against ruminal biohydrogenation is required to incorporate these polyenoic fatty acids into meat or
milk without affecting animal performance.
Keywords: EPA, DHA, meat, milk, protected lipid
INTRODUCTION
There is increasing epidemiological and clinical evidence (that omega-3 polyunsaturated fatty acids
(ω-3 PUFA) reduce the risk of coronary heart disease (CHD) and stroke (GISSI-Prevenzione
Investigators, 1999)- the leading causes of death in Australia and other developed nations. Meat and
milk from ruminants, which constitute the bulk of the Western diet, are a poor source of these cardioprotective ω-3 PUFA. On the contrary, they are high in saturated fatty acids, which are deemed to
increase the risk of CHD and stroke. Consequently, a constant stream of fat-modified milk products
and substitutes are appearing on supermarket shelves. There has also been a shift from red meat to
white meat consumption. For instance, per capita beef consumption in Australia declined from nearly
50 kg in 1982 to around 38 kg in 2001, while poultry meat consumption rose from 20 to 34.5 kg per
person over the same period (Outlook 2001).
This shift from consumption of ruminant fat may be counterproductive, as recent evidence shows that
ruminant products are richer in conjugated linoleic acid (CLA, the most potent dietary anti-cancer
agent) than most food products (Parodi, 1996). Hence, the strategy of choice might be manipulation
of the fatty acid profile of ruminant products to improve the consumers’ perception of ruminant fat.
Increasing the level of ω-3 PUFA in meat and milk may provide such an option. The ω-3 PUFA with
increasing evidence of cardio-protective role are eicosapentaenoic acid (EPA, C20:5) and
docosahexaenoic acid (DHA, C22:6). Marine oils and algae are naturally rich in both. Over the last
few years, our laboratory has been investigating ways of enriching meat and milk from ruminants with
EPA and DHA by using protected tuna oil supplements. Our protection procedure is based on
microencapsulation of oil droplets in a protein-aldehyde matrix (Scott et al. 1971). This paper
summarises our results so far and the comparative efficacy of our lipid protection procedure in
enabling the transfer of these polyenoic fatty acids into meat and milk without any deleterious effects
on growth and/or productivity of ruminants.
OMEGA-3 ENRICHED MILK

Goat Milk
Initially, the concept of producing EPA and DHA-enriched milk was tested using dairy goats. Four
multiparous goats were sequentially offered three diets: control pellets (C, lucerne hay-oat grain:
60/40,w/w), C pellets plus rumen-protected tuna oil (+RPTO), and C plus unprotected tuna oil
(+UTO). In tuna oil supplemented diets, the oil constituted 3 % of total dry matter, and each
supplement was fed for 7 days, with 12 days allowed between the two fish oil feeding periods to
minimise carry-over effects. Treatment differences were evaluated using Student’s T-test (P<0.05).
Analytical procedures and other details are published elsewhere (Kitessa et al. 2001a). The main
results are summarised in Table 1.
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Table 1. Yield and composition of milk from goats on control (C, lucerne hay-oat grain), C plus rumenprotected tuna oil (+RPTO) or C plus unprotected tuna oil (+UTO) diets. Kitessa et al. 2001a
Variable
Intake, kg/d
Milk yield, l/d
Fat, %
Protein, %
ω-3 PUFA % total fatty acids: EPA
DHA
ω-3 PUFA rate of transfer: EPA
DHA

Control
2.69a
1.88a
4.15
3.20
0.0
0.0
-

+RPTO
2.23a
1.77a
4.07
3.33
0.47
1.01
7.62a
5.05

+UTO
1.35b
1.35b
4.33
3.55
0.31
1.12
3.50b
3.53

s.e.m.
0.20
0.19
0.32
0.23
0.06
0.12
1.21
0.69

Across rows, values with different superscripts were significantly different at P<0.05.

The above results indicated that it is possible to enrich milk with EPA and DHA using either protected
or unprotected tuna oil, but protection is required if EPA and DHA-enriched milk is to be produced
without deleterious effects on intake and milk yield. The decline in milk yield (40%) due to
supplementation with free oil concurs with other studies (Cant et al. 1997; Wachira et al. 1998),
though it is not possible to exclude the possibility that advance in lactation stage may also have played
a part in this decline in milk yield. The magnitude of the decline (40 % over 12 days) suggested that it
was mostly diet-induced. The rate of transfer of EPA and DHA from diet to milk was much lower
than that reported by Cant et al. (1997) on fish meal fed cows. It remains to be determined if this is
related to species difference or other factors.
In a subsequent study, the transfer of EPA and DHA to milk was tested in two groups of dairy cows
(n=7) grazing a kikuyu/ryegrass pasture. One group (+RPTO) was fed a supplement of rumenprotected tuna oil-soybean powder (2 kg) mixed with molasses (80:20), chaffed lucerne (1 kg) and
mill mix (1 kg). Tuna oil constituted 2 % of total dry matter intake. The second group (C) of cows
also received lucerne chaff and mill mix, but not the oil supplement. Milk yield was recorded and
milk samples were collected both at morning and afternoon milking. Treatment differences were
analysed using Student’s T-test. Analytical procedures were the same as those published in Kitessa et
al. (2001a). The main findings are summarised in Table 2.
Table 2. Yield and composition of milk from cows supplemented with control (C, lucerne chaff and mill
mix) or C plus rumen-protected tuna oil (+RPTO) and grazed on kikuyu ryegrass pasture.
Variable
Milk yield, l/d
Fat, %
Protein, %
ω-3 PUFA % total fatty acids: EPA
DHA
ω-3 PUFA rate of transfer: EPA
DHA

Control
35.4
3.62
2.82
0.0
0.0
-

+RPTO
33.9
4.04
3.01
0.61
1.09
32.4
17.6

s.e.m.
0.63
0.08
0.03
0.03***
0.04***
2.10
1.27

As in the goat study, feeding supplemental protected tuna oil significantly enriched milk with EPA and
DHA without deleterious effect on milk yield. The rates of transfer of EPA and DHA from diet to
milk in this study were similar to those observed by Cant et al. (1997). For both goat and cow milk, a
cup of the enriched milk could provide more than 150 mg of EPA and DHA, i.e. at least a quarter of
the recommended daily intake of 650 mg (Simopaulos, 1991). These results suggest that a significant
enrichment of milk with EPA and DHA can be achieved with at a 2-3 % inclusion of protected tuna oil
in ruminant diets. The CV for the transfer rates were 17.1 and 19.1 % for EPA and DHA, respectively,
which may be an indication of substantial variation between cows.
OMEGA-3 ENRICHED MEAT
Modifying the fat content of meat post-slaughter provides a greater challenge than doing the same
with fat in milk after milking. This is because other than subcutaneous fat (which can be trimmed),
there are also intramuscular and intermuscular fat which together usually constitute 3-5 g per 100g of
muscle (Kitessa et al. 2001b). Furthermore, fat plays a major role in the flavour, tenderness and
juiciness of meat. In addition, any approach at modifying the nutritional value of red meat should not
compromise its greatest advantage over other meats, i.e. its CLA content, which is part of the fat in
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meat. This all points to dietary manipulation of the fatty acid profile of red meat as being the best
option in making it a useful source of health-enhancing nutrients.
To evaluate the incorporation of EPA and DHA from protected tuna oil into depot fat and muscle a
group of lambs were fed a concentrate ration supplemented with either rumen-protected tuna oil
(+RPTO) or tallow (+Tallow, used to make the diets iso-caloric) at 3 % of total dry matter. Over a
42-day feeding period, intake was recorded daily; liveweight, weekly; and final slaughter weight, hot
carcass yield, eye muscle area and GR score were recorded at slaughter. Treatment differences were
evaluated using Student’s T-test. Other details are published elsewhere (Kitessa et al. 2001b). The
main results are in Table 3 below.
Table 3. Performance data and selected fatty acids in different tissues of tallow or rumen-protected tuna
oil-supplemented lambs. Kitessa et al. 2001b
Variable
Initial liveweight (LW), kg
LW gain, g/day
Final LW, kg
Hot carcass yield, kg
Subcutaneous tissue:
EPA
DHA
Muscle tissue:
EPA
DHA

+Tallow
25.5
218
34.8
15.9

+RPTO
26.5
196
34.2
16.8

s.e.m.
0.44
17.5
0.71
0.31

0.0
0.0

0.36
0.75

0.01***
0.09***

0.61
0.44

1.81
1.51

0.30*
0.14**

A few notable features from these results included: (1) as in the dairy studies protected tuna oil
supplementation had no detectable deleterious effect on productivity traits, (2) tuna oil supplement
tripled the levels of both EPA and DHA in muscle, and (3) tallow-fed lambs had no traceable EPA or
DHA in their subcutaneous fat, but significant levels in their muscle. In earlier work, Ashes et al.
(1992) could not detect enrichment of subcutaneous adipose tissue with EPA and DHA after feeding
sheep with fish oil at 8-12 % total dry matter. This may be related to differences in the level of fish oil
inclusion between the two studies. The presence of EPA and DHA in meat from non-supplemented
group was contrary to our observation on non-supplemented goats or cows, where we found no
traceable levels of EPA or DHA in their milk. The total ω-3 PUFA per 100g muscle in this study was
comparable to that reported by Wachira et al 1998 (150 vs 158 mg, respectively), although our fish oil
inclusion was 40 % lower. Further comparisons are available in Kitessa et al (2001b).
CONCLUSIONS
Milk and meat from ruminants can be significantly enriched with EPA and DHA without adverse
effects on animal performance, provided that the oil is protected against ruminal biohydrogentation.
The presence of EPA and DHA in muscle cuts from lambs not supplemented with ω-3 PUFA suggests
that there may be an opportunity for selecting high and low ω-3 PUFA producing meat animals.
However, it remains to be determined if selection alone would provide animals with such high ω-3
PUFA that a significant proportion of the recommended daily intake can be obtained from a
reasonable size of serve. Large-scale commercial trials are required to determine the processing
properties, shelf-life, consumer acceptance of EPA plus DHA-enriched milk and meat.
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SUMMARY
The aim of this study was to investigate the relationships between various estimates of marbling in
Jersey and Limousin crossbred steers with intramuscular fat percentage (IMF%) as determined by
solvent extraction. The correlations between IMF% and various marbling scores ranged from 0.67 to
0.79. AUS-MEAT, MSA or USDA scoring systems were correlated, and ranked animals similarly.
However, the best correlation with IMF% was found to be with the AUS-MEAT marbling score.
When the range of IMF% was assigned to different scores within each system, the AUS-MEAT and
USDA systems were similar whereas MSA scores had a higher concentration of fat per score and a
broader range of concentrations. The only factors influencing assessment of marbling were IMF% and
breed. Other traits, such as loin temperature, eye muscle area, melting point, fat colour and meat
colour were not significant. Jersey cross steers had higher marbling scores (1.9 vs 0.8) and IMF% (6.4
vs 4.4%) than Limousin cross. A breed by sire interaction in marbling was also detected.
Keywords: marbling, intramuscular fat percentage, cattle
INTRODUCTION
Marbling of meat is defined as the appearance of evenly distributed white flecks or streaks of fatty
tissue between the muscle fibers and is measured subjectively. It is not a true measure of intramuscular
fat (IMF), which quantifies the total amount of fat present in muscle (both vesicle triacylglycerol and
membrane phospholipid) and does not take into account the fineness nor the distribution of the fat
globules throughout the muscle. In Australia, there are three commonly used subjective assessment
systems of marbling: (i) the 7-point scale (0-6) AUS-MEAT system performed on chilled carcasses
and scored against reference standards, (ii) the Meat Standards Australia (MSA) assessment using the
same reference standards as AUS-MEAT (0-6) but with a finer scale of 0.1 increments, and (iii) the
United States Department of Agriculture (USDA) system where scores range from 100 to 1000 in
increments of 10. High but variable correlations have been reported between subjective measurements
of marbling and IMF% when different systems, cattle breeds, carcass quartering sides or various
ranges of marbling scores have been examined (Savell et al.1986; Taylor and Johnson 1992). The aim
of this study was to examine some of those parameters in more detail by (i) investigating the influence
of breed and sire on marbling, (ii) assessing the relationship between marbling score and IMF%, (iii)
comparing the relationships between different scoring systems and IMF% within each system, and (iv)
investigating the factors influencing marbling assessment.
MATERIALS AND METHODS
Animals and management
The animals used in this study were part of the Davies Cattle Gene Mapping Herd, ¾ Jersey (XJ) and
¾ Limousin (XL) (Kruk et al. 1999). They were born between April-May, 1997. The animals
comprised 50 XJ and 31 XL steers, progeny of pure Jersey and Limousin cows crossed to the three F1
(Jersey/Limousin) bulls (Animal Nos. 361, 368, 398). The steers were raised on pastures under the
same management conditions, weaned at 250 days of age and fed a grain based ration for 170 days.
Slaughter, measurements and sample collection
All steers were slaughtered in the morning after stunning by use of a captive bolt. Following line
processing, the carcasses were stored in the (0-4°C) chiller. On the next day, approximately 18 hours
after the slaughter, carcass assessment was performed by an accredited AUS-MEAT or MSA grader.
Parameters such as meat colour (MC), fat colour (FC), eye muscle area (EMA), loin temperature (LT),
ossification, pH, AUS-MEAT marbling (MbAM), MSA marbling (MbMSA) and USDA marbling
(MbUSA) were assessed. The left side of each carcass was boned out and eye round (M.
semitendinosus) and strip loin (M. longissimus dorsi) samples were collected. A 1.5 cm thick steak
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was cut from the anterior part of the strip loin, placed in a sealable plastic bag and frozen at -20°C until
further analysis.
Chemical analyses
The methods used for lipid extraction, fatty acid analysis and melting point determination are those
described by Malau-Aduli et al. (2000). All visible seam fat was removed from strip loin cuts and
approximately 100 g was homogenised in a small food processor. An accurately weighed sub-sample
(approximately 2g) was then taken and the lipid was extracted with chloroform:methanol (2:1)
following the method of Christie (1989). This procedure extracts both triacylglycerols and
phospholipids. Individual fatty acids were separated and identified by gas-liquid chromatography and
the major saturated (SFA) and mono unsaturated (MUFA) groups calculated by summation of
individual saturated or cis mono-unsaturated acids (cMUFA). Melting point (MPt) was recorded as the
‘slip point’ of samples of fat taken from adipose tissue adjacent to where muscle was sampled (AOCS,
1993).
Statistical analysis
Least squares analysis of variance was carried out using Proc GLM (SAS 1989). Two models were
applied. Model 1 investigated the influence of breed of dam and sire on intramuscular fat content and
included breed, sire and breed by sire interaction. Model 2 investigated the influence of various
carcass traits (EMA, LT, FC, MC, IMF%) on marbling assessment and included these parameters and
their interactions. The interactions were not significant (P>0.05) and were removed from the model
leaving only the main effects. Correlations between variables were estimated using Proc CORR (SAS
1989).
RESULTS
Breed of dam had a significant effect on marbling score regardless of the assessment method (Table
1). Jersey steers had significantly higher marbling scores (P<0.05) than the Limousin steers by each of
the three scoring systems (Table 1A). Correspondingly, IMF% was significantly higher in Jersey cattle
as was mono-unsaturated fatty acids (cMUFA). Saturated fatty acids (SFA) and melting point (MPt),
were lower.
The full range of marbling scores was not represented for each grade scheme (Table 1B). MbAM
varied from 0 to 4 with the last score represented only by one animal. MbMSA varied from 0 to 2, and
the MbUSA varied between 200 and 600. The increase of marbling scores was accompanied by an
increase in IMF%. The MbAM and MbUSA scores were similar in IMF%, whereas MbMSA had
higher percentage of intramuscular fat and a broader range of concentrations for each score (Table
1B).
Table 1. 1A. Breed differences in marbling, fat composition and intramuscular fat percentage (IMF%).
1B. Association of marbling scores with IMF%
1A
1B
Parameter
XJ
XL
IMF%
# MbAM
# MbMSA IMF%
# MbUSA IMF%
MbAM
0.8±0.12B
7
1.9±0.09A
0
3.4±0.82 17
A
MbMSA
1.4±0.05
1.1±0.07B
35
1
4.7±0.93 60
373±8.3A
313±11.2B 31
MbUSA
2
6.5±1.14
4
36.8±0.44B 38.9±0.59A
Mpt
7
3
7.9±1.32
46.1±0.57B 48.9±0.76A
SFA
1
4
10.1
49.6±0.55A 47.0±0.73B
cMUFA
6.4±0.20A
4.4±0.26B
IMF%
Note: all abbreviations as defined in the materials and methods, # = number
class followed by the same letter are not significantly different (P>0.05).

0
4.4±1.16
2
1
5.7±1.46 16
2
8.0±1.75 44
17
2
of animals, A-B within rows

200
300
400
500
600
means of

3.0±0.95
4.6±0.96
5.6±1.39
7.5±1.20
10.1
the same

The influence of various carcass characteristics such as size of the eye muscle area, meat colour, fat
colour, melting point of fat and loin temperature did not have a significant effect on marbling
assessment (Model 2). The only significant effects were observed with breed and intramuscular fat
percentage.
Unlike breed, sire influence was not generally significant except observed breed by sire interaction for
different sires within the Jersey breed. Significant differences were noted regardless of the estimation
of marbling score by AUS-MEAT, MSA or USDA grading. Significant Jersey breed differences were
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found for sire 361 versus sires 368 and 398 in every estimate of marbling except the MbUSA where
the sire 361 was only significantly different from the sire 369 (P<0.05) but not from 398 (P<0.07).
The correlations between marbling scores and IMF% were high and significant (Table 2). The highest
correlation was observed with MbAM and the lowest with MbMSA. Marbling was also associated
with fatty acid composition. MbAM and MbUSA were negatively correlated with SFA and the MbAM
was positively correlated with cMUFA. The correlations were moderate. A large and highly significant
negative relationship was found between SFA and cMUFA. The other traits such as FC and MC were
moderately associated with MbAM. A similar association with MC was found for MbMSA. The
saturation of fat was moderately correlated with fat colour (FC), which in turn was positively
correlated with meat colour (MC).
Table 2. Raw correlations between marbling and various carcass parameters
MbAM
MbMSA
MbUSA
SFA
cMUFA
IMF%
MbAM
0.76***
0.81***
-0.27**
0.25*
0.79***
MbMSA
0.84***
ns
ns
0.67***
MbUSA
-0.24*
ns
0.71***
SFA
-0.98***
ns
cMUFA
ns
IMF%
FC
MC
Note: ***P<0.001, **P<0.01, *P<0.05, abbreviations as described in materials and methods

FC
0.25*
ns
ns
-0.40***
0.41***
ns

MC
0.23*
0.23*
ns
ns
ns
0.34**
0.27**

DISCUSSION
Marbling, by definition, represents the distribution of white flecks or streaks of fatty tissue between
the muscle fibers. Such three-dimensional structures may be associated with large errors when
expressed as a two-dimensional subjective score and represented as IMF% (three-dimensional with
solvent extract containing also membrane phospholipids). In our study, marbling score varied from 04, 0-2.5, 170-550 in AUS-MEAT, MSA, USDA scales, respectively. The concentration of
intramuscular fat ranged between 2.0-10.1%.
As expected, the various estimates of marbling were highly correlated, demonstrating that all grading
systems rank animals in a similar order. The highest correlation between MbMSA and MbUSA can
probably be explained by the similarity in the scale used for the estimate. The MSA assessment using
the AUS-MEAT scale (expressed in finer intervals) is probably closer to that of the MbUSA scale than
the AUS-MEAT assessment itself. However, as the MbMSA and MbUSA scoring was performed by
the same assessor and the MbAM was performed by another assessor, differences between assessors
cannot be ruled out and require further investigation.
The MSA marbling was poorly associated with IMF% compared to the other scoring systems. The
highest correlation with IMF% was with MbAM, suggesting that IMF% can be better predicted by
marbling when using an integer scoring scale. The correlations with IMF% ranged from 0.67-0.79 in
this study and are similar to 0.71 reported by Ferguson (2001). However, in other Australian studies,
the correlations with AUS-MEAT score were lower, ranging from 0.32 to 0.57 (Taylor and Johnson
1992).
Significantly higher correlations between IMF% and marbling scores were reported in US and
Japanese studies (marbling was measured in the USA and Japanese scales). The correlations ranged
from 0.87 to 0.89 (Sarvell et al. 1986; Cameron et al. 1994; Okabe et al. 1999). The differences
between the various reports can be accounted by many factors such as the range of marbling scores,
the range of IMF content, the method of intramuscular fat extraction, the grading system and the
quartering site.
The scores in the MbMSA system had higher concentrations of IMF%. The MbMSA also had a
broader range of IMF% within each score compared to the two other scoring systems. The
corresponding IMF% values for each AUS-MEAT score in other reports (Bindon 2001) were lower
than our results. However, the increase of IMF% per score was very similar in our data. Moreover, a
similar increase of IMF% was found in our study regardless of the scoring method. The slight
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discrepancy between our reports and the others in terms of IMF% per score can be accounted for the
differences of IMF extraction. The method used here was based on that of Christie (1989) using a
polar solvent mixture rather than neutral di-ethyl ether. When meat is low in fat, significantly more
total lipid is extracted with this solvent mixture due to the phospholipid content of tissue membranes
(Siebert et al. 1996).
The low and positive correlations between some marbling scores and meat and fat colour suggests that
these parameters might influence the estimation of marbling. For instance, a positive correlation with
meat colour would provide a better contrast of marbling in a darker background. Also more yellow fat
might reflect light differently to white fat. These factors are unlikely to affect marbling scores,
however, since there are also positive correlations between IMF% and meat and fat colour so the
correlation with marbling is likely to be real.
In the study herein, Jersey steers had higher marbling scores than the Limousin steers. Breed effect on
marbling has been reported previously. In other studies by our group, (viz. the Southern Cross
breeding experiment which consisted of seven different sire breeds), marbling was also affected by
breed (Malau-Aduli et al. 2000). The significant breed difference for MbMSA and MbUSA marbling
scores was no longer significant when IMF% was fitted as a covariate. However, it is interesting to
note that the difference between breeds was still significant for MbAM. This suggests that there may
be a relationship between marbling scores and fat distribution, which is not precisely evaluated when
using a coarser scale (AUS-MEAT). The distribution was not measured and may be the cause of the
difference. Additional covariates fitted in the model led to the conclusion that the breed differences
were not due to differences in fatty acid composition (melting point) or degree of muscling (eye
muscle area). On the other hand, the quality of the evaluation cannot be neglected as AUS-MEAT
scores were assessed by a different assessor. The influence of the assessor on the quality of testing will
be a subject for further study.
There was a large sire influence evident only in the Jersey breed, where breed by sire interaction was
statistically significant. The Jersey progeny from sire 361 had lowest marbling scores while the
Limousin progeny did not differ from the progeny of the other sires. The genetic influence on
marbling has been reported by others (Burrow, 2001) and our study confirms that selection for
marbling may improve this trait. However, different scoring methods have to be considered whether
selecting for IMF% or marbling.
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SUMMARY
The effect of Trichostrongylus colubriformis infection on methionine (Met) metabolism in DorsetRomney lambs was examined. The parasitic larvae were dosed orally for 6 days. Met metabolism was
determined six weeks later with an infusion of DL-[3,3,4,4-deuterium4]Met. The infection reduced the
Met : d4-Met ratio in the mesenteric vein (P = 0.09), and increased Met uptake from the artery relative
to Met sourced from tissue protein breakdown (P= 0.07) in the duodenum. The results demonstrated
that a considerable reduction in Met absorption incurred with T. colubriformis infection.
Key words: methionine, parasites, sheep
INTRODUCTION
Internal parasite infection damages the mucosal epithelium of the gut and affects nutrient digestion
and absorption. The costs of infection include the repair of damaged gastrointestinal tissue the
mounting of immune responses (Sykes 2000). Methionine (Met) is the first limiting amino acid for
wool production in sheep. It is involved in the initiation of all protein synthesis and through its
contributions to cysteine and polyamine synthesis, plays an essential role in supporting high protein
synthesis rate in the gut and immune responses. This experiment was designed to examine the effect
of a parasite infection on Met absorption and metabolism.
MATERIAL AND METHODS
Animals and experimental procedures
Ten Dorset-Romney castrated male lambs (initial weight of 36.9 kg, SEM 0.16) were hand-reared
indoors from weaning to minimise prior exposure to Trichostrongylus colubriformis
(immunologically naive). The sheep were housed indoors and fed with lucerne pellets (800 g DM per
d) and lucerne chaff (200 DM per d) prior to surgery and during the recovery period following
surgery. After recovering from surgery, these sheep were fed with fresh lucerne (800 g of DM per d).
On the day of the measurement of Met metabolism, sheep were fed hourly from overhead feeders.
All catheters were made according to the procedures described by Huntington et al. (1989). Catheters
were placed in the mesenteric, portal and hepatic veins, and in the mesenteric artery according to the
procedure described by Huntington et al. (1989) whilst the catheters for the arterio-venous hind limb
preparation were inserted in the abdominal aorta and vena cava according to the procedures of
Ortigues et al. (1994).
One week after surgery, 5 lambs (parasite group) received third stage T. colubriformis larvae by a
stomach tube daily for 6 days (6000 larvae/d). The remaining 5 lambs (control group) were drenched
with water. Infection was monitored by measuring faecal egg counts on day 21 and every second day
thereafter.
On day 45 from start of the infection, DL-[3,3,4,4-deuterium4)Met (>99%, CDN Isotopes, PointeClaire, Quebec, Canada) was infused over a period of 8 h via a jugular catheter. The infusion rate was
constantly at 0.042 g d4-Met per h in a volume of 22 mL of sterilised saline. Blood from the aorta,
vena cava and mesenteric, portal and hepatic veins was constantly drawn into a syringe (buried in ice)
by a peristaltic pump, and samples were collected every 2 h. Plasma was collected and stored at -80 C.
Immediately after the infusion period of 8 h, the lambs were killed. Samples of the duodenum, liver,
muscle and skin were collected immediately, frozen in liquid nitrogen and stored at -80 C. Sample
preparations and analysis for the enrichment of d4-Met in plasma and tissue homogenate by gas
chromatography-mass spectrometry were performed according to Calder and Smith (1988).
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Calculations
Met irreversible loss rate (ILR). Total irreversible loss rate of Met was calculated from
ILR =

0.99
×I
Ea

(1)
where 0.99 is the isotope enrichment of Met in the infusate, Ea represents the enrichment of Met in
arterial blood collected during hour 6 to 8 of infusion (Lee et al. 1995), and I is the infusion rate of d4Met (g/d). Because ILR includes the infusate, the infusion rate of d4-Met was then subtracted from
ILR and referred to as unlabelled Met which should cover Met absorbed from the gut and from
breakdown of body protein.
The ratio of Met uptake from the artery to Met from tissue protein breakdown. Assuming
breakdown of tissue protein contributes to the tracee but not to the tracer, and that the tracer
enrichment reaches plateau after 8 h infusion, the enrichment of the tracer in tissue homogenate, for
example in the skin, should be determined by uptake of both the tracer and tracee from the artery and
the tracee from breakdown of tissue protein, ie
Ua × Ea
= Es
Ua + Ds

where Ua represents uptake of Met from the artery (including d4-Met plus Met, g), Ea is d4-Met
enrichment in the artery sampled from hour 6 to 8 of the infusion, Ds stands for Met from protein
breakdown in the skin (g) and Es is d4-Met enrichment in skin homogenate at 8 h. After a
rearrangement, the ratio of uptake of Met from the artery by the skin to Met from protein breakdown
in the skin can be calculated from
Ua
Es
=
Ds Ea − Es .

(2)
Similarly, the uptake : breakdown ratio in the muscle can be calculated using formula 2 by
substituting Es with Em (d4-Met enrichment in muscle homogenate) and Dm (Met from protein
breakdown in the muscle, g).
In the liver the contribution of the tracer (d4-Met) is from both the hepatic artery (Ua) and the portal
vein (Up), therefore d4-Met enrichment in liver homogenate (El) is determined from
Ua × Ea + Up × Ep
= El
Ua + Up + Dl

where Ep and El are d4-Met enrichment in the portal vein and the liver homogenate, and Dl represents
Met from protein breakdown in the liver (g). Since the difference between Ea and Ep was small, they
could be substituted with Eap, the mean of Ea and Ep, to simplify the formula to

Ua + Up
El
=
.
Dl
Eap − El

(3)

As for the gut, d4-Met enrichment (Eg) in gut homogenate can be calculated from
Ua × Ea
= Eg
Ua + Dg + A

where A represents Met absorption from the gut (g), and Dg is Met from protein breakdown in the gut
(g). Again, with a rearrangement
Ua
Eg
=
Dg + A Ea − Eg

.
(4)
Statistical analysis
The effect of parasite infection was examined by comparing group means using unpaired T-Test (onesided). Since a limited number of animals were used in this experiment, the significance level of 0.1
was used to assess the parasite effect. The analysis was performed using GenStat 5. Release 4.2 (VSN
International Ltd).
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RESULTS
Met flux
Total Met ILR was 2.37 g/d in the infected group and 2.59 g/d (SE 0.19) in the control sheep. After
subtracting the infused d4-Met, the ILR was 1.37 and 1.61 g/d (SE 0.20) for the infected and control
sheep. Parasite infection did not significantly reduce Met ILR (P>0.10).
Met : d4-Met ratios in the artery and various veins
Since d4-Met was systemically administrated, the Met : d4-Met ratio is used to indicate relative
contribution of Met from tissue protein breakdown and/or absorption from the gut, depending on the
tissues. As shown in Table 1, the ratio was consistently lower in all the blood vessels in the infected
group, but differences were not statistically significant (P>0.1). Amongst the blood vessels, there was
a trend that the lowest ratio was found in the mesenteric vein (P=0.09).
Table 1. The effects of parasitic infection on Met : d4-Met ratio in blood vessels of Dorset-Romney lambs
Control
Parasite
SE
P vales
Parasite/control

Artery

Mesenteric vein

Portal vein

Hepatic vein

Vena cava

1.64
1.40
0.24
0.25
0.85

2.70
1.78
0.45
0.09
0.66

2.07
1.68
0.25
0.15
0.81

1.88
1.53
0.27
0.19
0.81

1.86
1.53
0.21
0.15
0.82

Ratio of uptake of Met from the artery to Met from protein breakdown in the tissues. The uptake of
Met from the artery by the duodenum and the absorption from the lumen accounted for only a fraction
of the Met from protein breakdown in the gut tissue, and parasite infection tended to increase the ratio
(P = 0.07). A similar low uptake (from the artery and portal vein): breakdown ratio was found in the
liver. In the skin the uptake provided the major source of Met compared to that from protein
breakdown. The infection did not influence these ratios in the liver, skin and muscle.
Table 2. The ratio of Met uptake from the artery to Met from protein breakdown in the tissue
Control
Parasite
SE
P vales

Muscle

Skin

Liver

Duodenum

0.549
0.419
0.185
0.32

2.407
2.401
0.457
0.50

0.122
0.128
0.014
0.39

0.144
0.209
0.028
0.07

DISCUSSION
Subclinical infection in the small intestine of the lambs was successfully created by oral dosing with
T. colubriformis, described previously by Bermingham et al. (2000). Met available from the gut
tended to decline with the infection, as indicated by a reduction in the Met : d4-Met ratio in the
mesenteric vein. The decline in the ratio suggests less Met (tracee) available relative to the labeled
Met. Unlabelled Met in the gut tissue is sourced from both absorption from gut lumen, and protein
breakdown in the tissue, and a reduction of either could contribute to the decline. Protein synthesis in
the gut is elevated with parasite infection (reviewed by Sykes 2000), and protein degradation is
unlikely to be suppressed as both processes are usually accompanying each other though at different
magnitudes. Therefore, it is likely that the absorption of Met was impaired with T. colubriformis
infection.
The direct result of parasite infection is mucosal damage of the gastrointestinal tract. Repairing the
damaged tissue is coupled with an increase in protein synthesis. The demand of amino acids for
protein synthesis is from both absorption, which tended to be reduced by the infection, and from
artery uptake. To match the demand and compensate for the decline in the absorption, the uptake of
Met from the artery by the duodenum tended to increase, as shown in Table 2. This is supported by
the observation that leucine sequestration by the gastrointestinal tract was significantly increased in
response to a parasite infection (Yu et al. 2000).
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The T. colubriformis infection reduced Met ILR by 15%, and cysteine ILR by a similar level
(Bermingham et al. 2000). However, the reductions were not statistically significant, possibly due to
the limited number of animals used in the experiment. As parasite infection affects directly the gut
tissue, whole-body ILR appeared not to be a sensitive index to study the effects of the infection. This
is supported by the little differences in ILR of leucine (Yu et al. 2000) and valine (Bermingham et al.
2000). In combination of data of the flux and the isotopic ratios in the various blood vessels this paper
suggests that parasite infection created Met repartitioning in the body, and a more sensitive method is
required to define this repartition.
REFERENCES
BERMINGHAM, E.N., MCNABB, W.C., REYONLDS, G.W., WAGHORN, G.C., SUTHERLAND, I.A.,
REVELL, D.K. and ROY, N.C. (2000). Asian-Aust. J. Anim. Sci. 13 Vol. C, 196-9.
CALDER, AG and SMITH A. (1988). Rapid Comm. Mass Spec. 2, 14-6.
HUNTINGTON, G.B., REYNOLDS, C.K. and STROUD, B.H. (1989). J. Dairy Sci. 72, 1583-95.
LEE, J., HARRIS, P.M., SINCLAIR, B.R. and TRELOAR, B.P. (1995). Aust. J. Agric. Res. 46, 1587-1600.
ORTIGUES, I., DURAND, D. and LEFAIVRE, J. (1994). J. Agric. Sci. Camb. 122, 299-308.
ROY, N.C., ZUUR, G., DENNISON, N. and LOBLEY, G.E. (1999). Brit. J. of Nutr. Submitted.
SYKES, A.R. (2000). Asian-Aust. J. Anim. Sci. 13 Vol. A, 343-50.
YU, F., BRUCE, L.A., CALDER, A.G., MILNE, E., COOP, R.L., JACKSON, F., HORGAN, G.W. and
MACRAE, J.C. (2000). J. Anim. Sci. 78, 380-90.
Email: Shimin.Liu@csiro.au

136.

Anim. Prod. Aust. 2002 Vol. 24: 137-140

RESULTS OF A PRODUCER DARK CUTTING SURVEY
D. LLEWELYN A, S.A. BORDER B and D.W. ALLERTON C
A

NSW Agriculture, Box 209, Moree, NSW 2400
“Tariaro”Goondiwindi, Qld.4390
C
NSW Agriculture, Grafton Research and Advisory Station, Grafton, NSW 2460
B

SUMMARY
Dark cutting in beef carcases can represent a significant financial loss to processors and producers
involved in direct marketing. In our study we valued dark–cutting downgrades to a loss of $100 to
$150 per carcase since all such bodies had to be diverted away from their primary export market, and
additional cattle had to be killed in their place. A supplier survey conducted in November 2000
documented the on-farm histories of 937 market-specific yearling cattle killed at the one meat plant
over an 18 months period. This enabled the examination of on-farm records pertaining to the handling,
treatments, grazing history and preparation for sale of turnoff lots that were then correlated to the
number and percentage of dark cutters. By association we pinpointed a number of social and
behavioural background factors that applied to the circumstances, such as handling issues, long pickups, purchased stock, mixed mobs and limited weaner training. Although not commonly observed,
improving pasture conditions were a possible nutritional influence associated with less dark-cutting. In
conclusion, we suggest that animal behavioural influences reported in this paper are worth managing
in the lead up to processing. However the number of dark cutters was not considered to be high by
industry standards for pasture fed cattle
Keywords: beef carcases, dark-cutting, cattle handling issues
INTRODUCTION
Northern NSW and southern Queensland producer suppliers of Banksia beef in 1999/2000 completed
a teleform questionnaire documenting the on farm history of 35 lots of yearling cattle totalling 937
head. They recorded their time of turnoff, grazing history, cattle management and preparation for sale,
details of trucking, mustering and loading, weather conditions pertaining at the time and any unusual
events that occurred between yarding and slaughter. The origin of the cattle and previous on-property
handling was noted.
METHODS
Cattle were processed sequentially each fortnight from May 1999 to October 2000 at a southern
Queensland abattoir and carcases were Ausmeat chiller assessed. For this investigation, a carcase with
a meat colour of 4 or higher was regarded as being a dark cutter.
Handling issues were nominated and assessed within turnoff lots, as was the effect of cold or rain.
Here ‘handling issues’ describes any abnormal occurrence or observed reaction by stock to their
immediate environment. These include yarding problems, excitable cattle, unscheduled mixing,
waiting on trucks or penning beside ‘stirry’ cattle at the abattoir. All other issues (other than handling
isues) were developed for analysis by comparing the number and percentage of dark cutters with the
total number delivered in that category.
Using χ2 analysis, a range of factors were tested for evidence of association with the level of dark
cutting in Banksia beef carcases.
RESULTS
In this study, the cattle ‘handling issues’ emerged as the factor most consistently associated with dark
cutting. When the dark cutting was classified into three incidence levels ie. 0%, 0-10% and > 10%, it
was possible to observe a strong (Table 1; P<0.01) association between handling issues and dark
cutting (χ2 = 17.99). Conversely, when there was no dark cutting, there were no handling issues.
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Table 1. The effect of handling problems on the incidence of dark cutting
% Dark Cutters
0%
0-10%
>10%
Total

Nil handling issues
19
6
2
27

Some handling problems
0
2
6
8

Total
19
8
8
35

The added effects of cold or rain when combined with handling issues on a delivery day compounded
the results (χ2 = 19.30; P<0.05) as shown in Table 2.
Table 2. The effect of handling or cold or rain on the incidence of dark cutting
% Dark Cutters
0%
0-10%
>10%
Total

Nil issues
17
5
0
22

Handling, cold, rain
2
3
8
13

Total
19
8
8
35

The association of pasture conditions at delivery with dark cutting incidence can be seen in Table 3 (χ2
=14.52; P<0.01). The bulk of the observed dark cutting occurred with animals from the properties of
28 respondents whose pasture conditions at the time were either static or drying off.
Table 3. The effect of pasture conditions on the incidence of dark cutting
Pasture conditions
Drying off
Static
Improving

Number delivered
178
519
199

Number of dark cutter
12
42
1

% Dark cutters
6.7
8.1
0.5

The effect of cattle origin is indicated in Table 4 (χ2 =15.97; P<0.01). Purchased stock had the highest
incidence of dark cutters.
Table 4. The effect of cattle origin on the incidence of dark cutting
Cattle origin

Vendor bred
Purchased
Mixed origin

Number delivered

Number of dark cutter

636
58
235

25

% Dark cutters

3.9

8
22

13.7
9.4

Owners nominated how often their cattle were yarded on the property prior to delivery. Table 5 shows
the range of dark cutting results by frequency of yarding (χ2=18.22; P< 0.01). Cattle yarded every
three to four months showed the highest incidence of dark cutting.
Table 5. The effect of yarding frequency on the incidence of dark cutting
Yarding frequency

Number delivered

Number of dark cutter

% Dark cutters

Every 1 month
2 months

97
280

6

6.2

16
15
13
3

5.7
11.4
10.4
1.4

3 months
4 months
6 months

130
125
210

The incidence of dark cutting was marginally improved when cattle were slaughtered within 12-24
hours of pick-up rather than 25-36 hours of pick-up (Table 6, χ2 = 4.24; P<0.05).
Table 6. The effect of pick-up to slaughter times on the incidence of dark cutting
Pick-up to slaughter

12-24 hours
25-36 hours

Number delivered

Number of dark cutter

% Dark cutters

673
238

28

4.2

18

7.6

On farm water curfew times affected the incidence of dark cutting (Table 7), with cattle off water for
less than 2 hours showing a lower incidence of dark cutting than cattle off water for 4 hours (χ2 = 4.04;
P<0.05).

138.

Anim. Prod. Aust. 2002 Vol. 24: 137-140
Table 7. The effect of time off water on the incidence of dark cutting
Time off water

< 2 hours
< 4 hours

Number delivered

Number of dark cutter

% Dark cutters

538
388

29

5.2

34

8.7

The number of days weaned in yards was recorded by those participants who yard weaned as a regular
practice, and this information is presented in Table 8. Longer weaning periods was associated with
less dark cutting (χ2 = 14.38; P<0.01).
Table 8. The effect of weaning on the incidence of dark cutting
Days weaned

3-7 days
8-14 days

Number delivered

Number of dark cutter

% Dark cutters

330
267

35

10.6

7

2.6

Where an individual producer’s Banksia stock had been all run together, as opposed to being mixed
with other market cattle or other livestock groups on the property, the percentage of dark cutters was
reduced (Table 9, χ2 = 5.33; P<0.05).
Table 9. The effect of running together on the incidence of dark cutting
Run together

Yes
No

Number delivered

Number of dark cutter

834
125

48

% Dark cutters

5.7

14

11.2

Mouthing cattle at delivery appeared to be a disadvantageous practice (8.4% vs 5.0% dark cutting) χ2
= 3.71 (p=0.054) although this result failed to reach statistical significance.
Seasonal or grazing history associations with dark cutting incidence were not recorded in the current
study. Further, whether stock were supplementary fed on farm, or not, prior to slaughter had no
association with the number of dark cutters.
DISCUSSION
The above results provide evidence that stressing animals increases dark-cutting. This can occur from
handling difficulties accentuated with cold or rain, declining feed, mixing with strange mobs, delayed
slaughter, denying access to water and implementing short weaning times. Although an association is
quoted with the autumn months in northern New South Wales (G. Chappell, pers. comm.), in the
current study, no clear pattern emerged when dark cutting percentage was plotted against month of
turnoff. The worst months were in fact February, May and December. Recent studies (Warner and
Pethick 2000) emphasise glycogen depletion in animals as a major predisposer to dark cutting. The
current study did not measure glycogen and therefore our results cannot add further to that hypothesis.
Our results, taken from a producer observation perspective, do however imply that behavioural
aspects, learned or otherwise, can play a part at any stage in the hierarchy of influences right through
to the abattoir knocking box. Longer transport and delivery times and significant periods off water
which may cause dehydration have been referenced previously by other authors (Warner and Pethick,
2000; B. Knee, pers. comm..) to be important considerations.
Warner et al. (1998) made the point that muscle glycogen concentration can be markedly reduced by
pre-slaughter stressors such as transport, poor nutrition, cold or changing weather patterns, prolonged
exercise, inappropriate pre-slaughter handling or extended time off feed. Multiple stressors obviously
impose a greater effect as cattle encounter new stimuli in strange environments and their social
hierarchy is disturbed
For beef producers to present cattle slaughter-ready, we suggest that emphasis be given to best
management handling practices at all points and as far back as weaning time. Early memories of good
handling can stay with animals through to later life (Lloyd Fell 1998) reduce yarding stress, and so
have an effect on slaughter performance. In order to minimise the incidence of dark cutting in a
practical sense, keeping pasture fed animals in a positive energy balance pre-slaughter, and preventing
negative behavioural reactions by animals to their ‘growing’ and ‘marketing’ environment is
recommended.
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THE USE OF UREA DILUTION TECHNIQUE FOR ESTIMATING IN VIVO BODY
COMPOSITION OF TWO BREEDS OF FAT TAILED SHEEP
A. MOHARRERY
Animal Science Department, University of Shahr-e-kord, Iran

SUMMARY
Two breeds (Kordi and Balouchi) male lambs were used to evaluate urea space (US), an estimator of
carcass composition, in a separate experiment. Urea space was measured 12 min after the infusion of
20% urea (130 mg urea/kg live weight (LW)). Lambs were slaughtered after urea dilution and carcass
weight taken. After chilling overnight, the left side of each carcass was physically dissected into bone,
tail fat and total meat. US was related to the percentage of carcass fat through the equations, 52.910.52US (P<0.0001) and 57.99 – 0.41US (P< 0.001) for Kordian and Balouchian breeds, respectively.
A negative correlation was obtained between US and tail fat, total fat (percentage or kg), live weight
and omental fat in both breeds (P<0.05). A positive correlation (P<0.01) was estimated between fat
thickness over the 12th rib and total fat in Kordian sheep but not in Balouchian sheep (P>0.05). It is
concluded that urea space measurement may be used as a practical estimator of body composition
assessed in vivo in fat tailed sheep.
Keywords: fat-tail sheep, urea space, fat estimation
INTRODUCTION
Accurate estimation of body composition in vivo is of great importance in research concerning factors
that affect the composition of live weight gain. Various methods of estimating body composition in the
live animal have been developed, which include the use of subjective visual appraisal, live animal
40
measurement, ultrasonic probes, dilution techniques including the use of K. Each of these methods
has given satisfactory results under specific conditions, yet each suffers from distinct disadvantages
such as operating cost and time, accuracy and reliability and the usefulness of applying such a
technique under practical conditions.
Several groups (Kock and Preston 1979; Hammond et al. 1984; Rule et al. 1986; Bartle et al. 1987;
Moharrery et al. 1998) have evaluated the urea dilution technique as an estimator of body composition
in cattle. In sheep, Bartle et al. (1988) reported that urea dilution was related to body composition in
tailed lambs while Alraheem et al. (1992) have reported similar results in mature fat-tailed sheep. The
objectives of these experiments were to evaluate urea dilution as an estimator of body composition in
two different fat-tailed breeds.
MATERIALS AND METHODS
Experiment 1
Forty Kordian male lambs were randomly divided into two groups. The tails of one group were
docked 3-4 hrs after birth, using rubber rings and the tails of other left intact. After weaning, 20 lambs
from each group were offered an fattening ration ad libitum calculated according to the
recommendations of the NRC (1985) for 84 days. At the end of the fattening period, 28 lambs were
selected randomly for slaughter. The day before slaughter, lambs were fasted, weighed and urea
dilution was determined following the procedure described by Preston and Kock (1973). A solution
containing 20% urea dissolved in 0.9% saline (130 mg urea /kg live weight) was infused through a
jugular vein. Blood samples (5 ml) were obtained immediately before urea infusion and 12 min after
infusion time. Blood was centrifuged at 3000 g for 10 min and plasma was collected and stored at -20°
C until analyzed for urea N (Bauer, 1982). Urea space and volume were calculated as a percentage of
live weight (LW) using the following relationship:
Urea space (%)= A * B / LW / PUN
where A is the volume of urea infused (ml), B is the concentration of urea solution infused (mg ureaN/100 ml), PUN is the difference in plasma urea nitrogen measured in the blood sample prior to and
12 min after infusion (mg urea-N/100 ml). After slaughtering, carcasses were chilled at 4°C for 24 hrs
and then half of each carcass was physically deboned and minced. After homogenising of each half
side, sub-samples were collected and analyzed for water, protein, fat and ash content (AOAC 1991).
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On the other side of each carcass, the area of the longissimus dorsi (eye) muscle at the interface of the
12th and 13th ribs, and fat thickness overlying this muscle was also measured using calipers. The
weight of omental fat was also recorded.
Experiment 2
Experiment 1 was repeated using the second genotype, the Balouchian lambs in next year.
Statistical analysis
All data from docked and intact groups were pooled and correlation among variables were determined
and tested using a t-test (SAS 1996). Prediction equations relating total carcass fat or fat thickness at
the 12th rib interface with US. Regression relationship were established between parameters within
each experiment using standard procedures (SAS 1996).
RESULTS AND DISCUSSION
The means and ranges of live weight, carcass weight, omental fat, eye muscle area, carcass
composition and urea space are shown in Table 1. The values are similar to the range usually found in
growing lambs and those at a commercial of finishing live weight for these breeds (Moharrery and
Ziauddin, 1999; Moharrery, 2000).
Table 1. Means and ranges of live weight, urea space, total fat, tail fat, omental fat, fat thickness on 12th
rib and eye muscle area in two breeds.
Kordian sheep

Balouchian sheep

Range

Range

Item

Meana

SDb

Low

High

Meanc

SD

Low

High

Live weight, kg

48.06

7.192

30.10

58.80

32.63

3.721

25.22

39.54

33.09

8.074

20.340

46.505

38.95

5.21

27.16

47.88

Total fat , %

35.08

5.167

24.590

44.580

42.12

3.575

33.30

49.80

Total fat, kg

8.864

2.520

3.664

14.668

7.224

1.251

5.210

9.938

Tail fat, kg

4.694

1.994

1.711

9.956

2.046

.860

.938

3.851

Omental fat, kg

1.083

.562

.242

2.823

1.194

.418

.449

2.027

Fat thicknessf, mm

5.64

1.881

3.00

10.500

5.841

2.537

3.600

17.00

d

Urea space (% of LWT )
e

g

2

EMA , cm
18.56
2.853
13.480
23.630
15.471
2.706
11.650
23.830
a: n=28, b: SD= Standard deviation, c: n= 27, d: Live weight, e: Determined chemically, f: Fat thickness on 12th rib, g: Eye
muscle area.

The correlation coefficients between other important variables and US were estimated and are shown
in Tables 2 and 3 for Kordian and Balouchian breeds, respectively. Negative correlation coefficients
were obtained between US and each of tail fat, total fat (kg or percentage), body weight, omental fat
and fat thickness on 12th rib in both breeds. Eye muscle area was not associated with US (P>0.05). In
Kordian sheep fat thickness at 12th rib was significantly correlated (P<0.05) with total fat (kg or
percentage), tail fat and US, but these associations were not apparent in the Balouchian breed
(P>0.05).
Prediction equations relating US and other carcass variables to carcass chemical composition are
shown in Table 4. The high correlation (P<0.01) between these parameters demonstrate the predictive
power of the measurement of urea space and fat depth at the 12th rib to assess carcass composition
irrespective of species.
The relation between live weight and the various parameters used to assess fat status of carcasses, total
fat (kg or percentage), omental fat and tail fat, showed highly variable relationships irrespective of in
both breeds (Tables 2 and 3). Of these measure the weight of omental fat seems to be the least
predictive of carcass fatness and this may be related to the different functional role of this depot within
the animal.
Similarly the relationships were highly variable between breeds. This is in agreement with results of
Rule et al. 1986, who found that the relationship derived from one bovine breed were not applicable in
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other cattle populations. The potential predictive power of US as an estimator of carcass fatness has
been demonstrated also by the high negative correlation between this parameter and percentage
carcass fat in fat tailed Awassi sheep (Alraheem et al. 1992). Moreover, other workers (Bartle et al.
1985; Bartle et al. 1988) have found with tailed breeds of lambs, that urea dilution was related to body
composition. Similarly in growing male cattle (Holstein) Moharrery et al. (1998) reported that urea
space was valid for the estimation of body fat in live animals.
Table 2. Correlation coefficients between carcass measurements in Kordian sheep.
%Fat
%Fat

1.0000

a

.000b

Tail fat

Tail fat

O fat

Total fat

EMA

12th FT

LW

US

.8497

.0057

.8874

.0990

.4868

.5963

-0.808

.0001

.9769

.0001

.616

.0086

.0008

.0001

1.0000

-0.0769

.8722

.1304

.6117

.5849

-0.844

.000

.697

.0001

.5085

.0005

.0011

.0001

1.0000

.2725

.4081

.3368

.5396

-0.145

.000

.1606

.0311

.0797

.0031

.4608

1.0000

.2879

.6746

.8545

-0.939

.000

.1374

.0001

.0001

.0001

1.0000

.3690

.4261

-0.183

.000

.0533

.0237

.3526

1.0000

.5887

-0.544

.000

.0010

.0028

1.0000

-0.791

.000

.0001

O fat
Total fat
DMA
th

12 FT
LW

1.0000

US

.000

%Fat= total body fat as a percentage, Ofat= omental fat, Total fat= total body fat as a kg, EMA= Eye muscle area, 12th FT=
fat thickness on 12th rib, LW= live weight, US= urea space. The variable units are the same as shown in the Table 1.
a: Coefficient of correlation
b: Level of probability

Table 3. Correlation coefficients between carcass measurements in Balouchian sheep.

%Fat
Tail fat
O fat
Total fat

%Fat

Tail fat

O fat

Total fat

EMA

12th FT

LW

US

1.0000

.4362

.2356

.5896

.2466

.0712

.1641

-0.594

.000

.0229

.2369

.0012

.2151

.7241

.4134

.0011

1.0000

-0.090

.5004

-0.029

.1496

.4097

-0.708

.000

.6556

.0079

.8843

.4564

.0338

.0001

1.0000

.6134

-0.0002

-0.229

.5395

-0.392

.000

.0007

.9991

.2505

.0037

.0432

1.0000

.0588

.0067

.8381

-0.853

.000

.7706

.9735

.0001

.0001

1.0000

-0.203

-0.295

-0.118

.000

.3090

.1351

.5591

1.0000

.0174

-0.115

.000

.9315

.5668

1.0000

-0.751

.000

.0001

EMA
th

12 FT
LW

1.0000

US

.000

%Fat= total body fat as a percentage, Ofat= omental fat, Total fat= total body fat as a kg, EMA= Dorsi muscle area, 12th FT=
fat thickness on 12th rib, LW= live weight, US= urea space. The variable units are the same as shown in the Table 1.
a: Coefficient of correlation
b: Level of probability
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Table 4. Equations relating carcass composition to urea space and fat thickness
over the 12th rib.
Component

r2

Equation

P<

Kordian breed
Fat, %
Fat, kg
Fat, kg
Fat, kg

52.911 – 0.517 US
18.563 – 0.293 US
3.761 + 0.904 FT
-3.304 + 0.715 T-fat + 0.183 W

.65
.88
.46
.94

.0001
.0001
.0001
.0001

Balouchian breed
Fat, %
57.993 – 0.407 US
.35
.0011
Fat, kg
15.202 – 0.025 US
.73
.0001
Fat, kg
-0.604 + 0.476 T-fat + 1.111 Ofat + .169 W .81
.0001
Fat, %
42.895 + 2.590 T-fat + 4.112 Ofat - .337 W .33
.025
US= urea space, FT= fat thickness on 12th rib, T-fat= tail fat, W= live weight, Ofat= omental fat

In conclusion, US appears to be a valid estimator of in vivo body composition in growing finishing
lambs. In addition the measurement of fat thickness over the 12th rib provides a reliable means of
estimating total body fat in Kordian sheep, but to a lesser extent in Balouchian sheep.
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THE EFFECTS OF SODIUM MONENSIN ON GROWTH, AGE AT FIRST CALVING AND
MILK YIELD IN FRIESIAN HEIFERS
J.B. MORAN A and D.F. EARLE B
A
B

Dept of Natural Resources and Environment, Kyabram Dairy Centre, 120 Cooma Rd., Kyabram, Vic 3620
Heiferlink, 400 Wyndham St, Shepparton, Vic, 3630

SUMMARY
A total of 206 Friesian heifers were involved in three separate studies to monitor growth, age at first
calving and first lactation performance in response to treatment with sodium monensin (Rumensin),
administered in intra-ruminal, controlled release capsules. Half the growing heifers were dosed two to
three times between the ages of 10 and 22 months, with the other half left undosed as controls. The
dosed heifers were each given controlled release capsules, designed to deliver 200 to 250 mg/day of
Rumensin over 150 days or 300 mg/day over 100 days. The heifers were managed to grow at about 0.6
to 0.7 kg/day until first calving. They were weighed every two months while body condition scores and
wither heights were recorded at the time of dosing. Following calving, about half of each treatment
group were dosed with a further Rumensin capsule, with the remainder undosed. Milk yields and milk
composition were monitored throughout the first lactation. Rumensin treatment had few significant
effects on the performance of growing heifers. In two studies, Rumensin increased liveweight gain and
body condition for parts of the growth phase. In one study, treated heifers attained heavier pre-calving
liveweights (466 v 437 kg at 22 months of age) while in another, they were younger at first calving (727
v 739 days). Rumensin had no effects on yields of milk or milk solids, or on milk composition in any
study, either during early lactation or over the first lactation. A combined analyses of entire lactation
data from 173 animals in all three heifer groups indicated significant associations between the yields of
milk and milk solids and pre-calving liveweight. For milk yield, the partial regression coefficient was
8.7 kg milk/kg pre-calving liveweight. As a result of these studies, it would be difficult to recommend
the routine use of Rumensin controlled release capsules to improve the growth, fertility and first
lactation performance of Friesian heifers consuming predominantly pasture.
Keywords: dairy heifers, ionophore, growth, fertility, milk yield
INTRODUCTION
Sodium monensin (Rumensin) is an ionophore, which modifies rumen fermentation to increase
propionate and decrease methane production. It has been registered for use in lactating cows in Victoria
since 1990 and can be administered either as a component of concentrate mixtures or in an intra-ruminal,
controlled release capsule. Research with grazing cows in Australia and New Zealand to assess the
production responses to Rumensin capsules is inconclusive. Some authors have reported improvements
in milk yield (Moate et al. 1990; Lowe et al. 1994; Hayes et al. 1996; Beckett et al. 1998), while others
have reported little difference (Stevenson and Lowe 1992; Lean et al. 1994).
Rumensin capsules are frequently used on dairy farms to control bloat. They may have an additional
role in promoting growth and earlier puberty in replacement heifers. In the United States, Rumensin
capsules have been found to improve growth rates in grazing beef cattle (Parrott et al. 1992), while daily
administration of Rumensin has reduced ages at puberty in dairy heifers (Baile et al. 1982; Meinert et
al. 1992). In summarising available data, Heinrichs (1996) found improvements in growth rates of dairy
heifers of 0.05 to 0.09 kg/day when treated with ionophores such as Rumensin. With increasing
interest in reducing ages at first calving and/or increasing pre-calving live weights of replacement heifers
in Australia (Moran and McLean 2001), it was decided to test the hypothesis that Rumensin capsules
increased growth rates, reduced age at first calving and increased first lactation milk yields of Friesian
heifers.
MATERIALS AND METHODS
Herd management during the growing phase
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Four to six month old Friesian heifers were reared under contract on a commercial property in northern
Victoria (Studies A and B), or at the Kyabram Dairy Centre (Study C). The 83 heifers used in Study A
were born in spring 1993, while the 77 heifers used in Study B and the 46 heifers in Study C were born
during spring 1994. Half of the number of heifers were dosed two to three times with Rumensin
capsules between the ages of 10 and 22 months.
The yearling heifers were stratified on the basis of age and live weight, with every first and fourth animal
in each stratum of four animals selected for dosing. The dates of initial dosings with corresponding
mean ages and heifer live weights were respectively, 28 July 1994, 336 days and 230 kg in Study A, 13
June 1995, 287 days and 196 kg in Study B and 15 September 1995, 373 days and 247 kg in Study C.
The selected heifers in Study A were redosed on 20 December 1994 and again on 13 June 1995, while in
Study B, they were redosed on 26 October 1995 and again on 15 February 1996. In Study C, heifers
were only dosed twice pre-calving, with the second dosing on 28 February 1996.
All herds grazed irrigated perennial or annual pastures and were fed supplements of grain, hay or silage
to maintain a growth rate of 0.6 to 0.7 kg/day. They were strategically treated for internal and external
parasites and vaccinated for Salmonella and Clostridia. Heifers were weighed every two months, while
body condition score (using the 8 point score of Earle 1976) and wither height were recorded on each
animal at the times of dosing. Heifers were synchronised for oestrus on average, at 15 months of age,
artificially inseminated and then run with Jersey bulls for the following two months. Final pre-calving
measurements were made on 13 June 1995, 16 July 1996 and 13 June 1996 for Study A, B and C
respectively. The heifers in Studies A and B were returned to the home farm, near Kyabram, just prior to
calving.
The capsules were 16 cm long plastic capsules, with retractable wings on one end, containing a solid
core of 32 g sodium monensin in a hexaglycerol distreate matrix. They were designed to deliver a dose
of 200 to 250 mg of Rumensin/day into the rumen for 150 days. The third capsules given to heifers in
Studies A and B and to all lactating heifers were commercial Elanco anti-bloat capsules which deliver
about 300 mg Rumensin/day for 100 days.
Herd management during lactation
Following calving, half the number of heifers in Study A were dosed with capsules on 11 October 1995,
after stratification on the basis of live weight and days of lactation. About half of those that had
previously been in treated or control groups received capsules, with the remainder left undosed. Rather
than wait until all heifers had calved in Studies B and C, the selected lactating heifers were dosed with
capsules within 10 days after calving. The total number of available lactating heifers were 68, 75 and 33
for Studies A, B and C respectively, because 5 died during the study and 25 failed to calve prior to
Rumensin treatment. Heifers grazed with the mature cows in each milking herd and were
supplemented with pasture silage (Studies A and B), maize silage (Study C) and cereal grain (Studies A,
B and C).
Heifers were individually herd recorded every two (Study C) or four (Studies A and B) weeks
throughout lactation. Milk samples were analysed for protein, fat and milk urea concentrations (the
latter only in Studies A and C). Early lactation was considered to be the first 80 to 100 days postcalving, after which live weights, condition scores and wither heights were recorded. Full lactation data,
adjusted to a 300 day lactation, were calculated from herd test data until drying off in June 1996 (Study
A) or June 1997 (Studies B and C).
Statistical analyses
Liveweight changes between capsule dosings were calculated as the difference between live weights at
the beginning and end of each dosing period. Differences between treated and control heifers for
changes in and for final live weight, body condition score and wither height were tested using one way
analyses of variance. Age at first calving were compared within herds by t tests.
Effects of treatments on yields of milk and milk solids, milk composition, liveweight, condition score
and wither height during early and the complete lactation were compared using factorial analyses of
variance with two factors, namely the period of dosing (while growing or lactating) and whether heifers
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were dosed or not dosed during either of these periods. Because of unequal group sizes, these analyses
were undertaken using residual maximum likelihood analyses.
Entire lactation data from all three groups of heifers (173 heifers) were combined and statistically
analysed using a linear regression model which removed effects of Rumensin treatment prior to
quantifying the influence of pre-calving liveweight on yields of milk and milk solids.
RESULTS
Performance of growing heifers
Rumensin treatment had few significant effects on the performance of growing heifers. Treated heifers
in Study A were younger (P<0.05) at first calving than were untreated heifers, while treated heifers in
Study C had heavier (P<0.05) pre-calving liveweights (Table 1). During the 144 day period between the
first and second dosings in Study A, treated heifers grew faster (P<0.001, 0.97 v 0.87 kg/day) and put on
more body condition (P<0.001, 1.0 v 0.6 units). In Study C, treated heifers grew faster (P<0.05, 0.69 v
0.56 kg/day) during the 105 days following the second dosing.
Table 1. Pre-calving liveweights (kg), wither heights (cm) and calving ages (days) and standard error of

differences (SED) of heifers in each study when dosed with Rumensin capsules (Rum) or left undosed as
controls (Con). Significant (P<0.05) differences within studies are indicated by different superscripts
Study
Treatment
Pre-calving liveweight
Pre-calving wither height
Calving age

Rum
421
131
A
727

A
Con
414
129
B
739

SED
7.9
0.9
4.9

Rum
497
135
731

B
Con
504
135
722

SED
8.5
0.9
5.1

Rum
A
466
134
708

C
Con
B
437
133
696

SED
11.7
1.1
7.3

Performance of lactating heifers
Rumensin treatment, either pre- or post-calving, had no effect on yields of milk or milk components or
on milk composition during early lactation in any of the three studies. Mean daily yields of milk and
contents of milk protein and fat (± SD) were respectively, 18.5 (± 2.3) kg, 3.1 (± 0.21)% and 4.1 (± 0.44)
% in Study A, 22.2 (± 3.0) kg, 3.1 (± 0.18)% and 3.8 (± 0.40)% in Study B and 18.0 (± 2.5) kg, 3.1 (±
0.13)% and 4.0 (± 0.56)% in Study C. Milk urea contents averaged 33 (± 3.2) mg/dL in Study A and 25
(± 3.0) mg/dL in Study C. There were no effects of Rumensin treatment on liveweight, wither height or
body condition score during early lactation
The complete lactation performance of heifers was also unaffected by Rumensin treatment, averaging
5037 (± 698) kg milk in Study A, 5513 ( ± 678) kg in Study B and 3998 (± 522) kg in Study C.
However, there were significant (P<0.001) linear relationships between pre-calving liveweight (ranging
from 380 to 550 kg) and full lactation yields of milk and milk solids. The partial regression coefficients
for liveweight (±s.e.), the percent variance accounted for (r2) and the residual standard deviation (r.s.d.)
for each linear regression was as follows:
Regr coeff (± SE)
r2
r.s.d.
Milk yield
Milk protein yield
Milk fat yield

8.7 (± 1.29)
0.26 (± 0.035)
0.26 (± 0.048)

0.52
0.63
0.51

596
16
22

DISCUSSION
Rumensin for growing heifers
There were few instances when Rumensin treatment improved the pre-calving performance of dairy
heifers. Parrott et al. (1992) summarised the results of 28 trials assessing Rumensin capsules in grazing
beef steers and heifers, reporting growth rate advantages of 0.04 to 0.09 kg/day while control animals
were growing at between 0.2 and 1.3 kg/day. They concluded, firstly, that Rumensin was beneficial so
long as animals were gaining weight, and secondly, that growth rate advantages were not dependent on
the magnitude of the growth rate. In the current studies, the effects of growth rate on responses were
inconclusive. On only 2 occasions did Rumensin improve growth rates in heifers gaining 0.6 kg/day of
more, while in many instances, heifers were growing at between 0.3 and 0.9 kg/day with no beneficial
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effects of Rumensin. This inconsistency of results requires further attention, for example, to ascertain
the dietary implications of adequate levels of rumen propionate on growth responses to Rumensin.
Although Meinert et al. (1992) found little effect of Rumensin on Friesian heifer growth rates, it was
associated with a 48 day reduction in age at first calving, from 751 to 703 days. This is considerably
more than the 12 day reduction recorded in Study A, which based on the number of animals involved
may not be biologically significant or repeatable. Generalisations about the beneficial effects of
Rumensin on fertility of growing heifers are difficult to make because they are also influenced by diet
quality and body condition (Sprott et al. 1988). Furthermore, the present results should be treated with
caution given the relatively small number of animals involved.
Rumensin for lactating heifers
In all three studies, whether administered before or after calving, Rumensin had no effect on yields of
milk or milk solids, or on milk composition. Baile et al. (1982) reported that Rumensin improved
growth rates of lot fed Friesian heifers before calving but there were no carryover effects on milk yields
or fertility in early lactation.
Research assessing Rumensin administered in capsules to grazing cows in Australia and New Zealand
has been inconclusive, while no trial has specifically evaluated Rumensin in first lactation heifers.
These animals may respond differently to mature cows, as they are still growing as well as producing
milk. Some of the positive milk responses to capsules have been related to reduced bloat in treated cows
(Lowe et al. 1994), but there was little evidence of bloat in any of the control heifers in the current
studies.
The benefits arising from improved growth rates and reduced ages at first calving have been summarised
by Moran and McLean (2001). The partial regression coefficient for pre-calving liveweight on first
lactation milk yield recorded in these studies (9 kg extra milk/kg heavier liveweight at first calving) is
similar in magnitude to the average value recorded in previous Australian studies (Moran and McLean
2001).
Even though Rumensin has been shown to improve pre-calving performance in the overseas studies
cited above, the inconsistent results from the present studies would make it difficult to recommend the
routine use of Rumensin capsules to improve the growth, fertility and first lactation yields of Friesian
heifers consuming predominantly pasture.
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SUMMARY
The purpose of the investigations described in this paper was to develop guidelines to determine the
minimum distance between animal farming houses and residential areas for regulatory procedures in
Germany. The necessary ventilation of animal houses leads to emissions and air-borne pollution in the
surrounding area. Dust, germs and gases are emitted together with the used air. Odours caused by
certain gases can lead to annoyance in the neighbourhood of livestock buildings. A ‘minimum distance
rule’ between residential areas and livestock buildings is defined in Germany by the VDI-Guidelines
3471 and 3472 (Emission control - livestock management - pigs and hens). New developments in
animal production demand an accommodation of the guidelines: updates are necessary. The basic
question is how to deal with the requirement of increasing the validity of the guidelines. The answer is
to combine measurements of odour relevant elements and dispersion modelling. Therefore basic
research to the emission streams and the distribution behaviour of odour plumes in the surroundings of
livestock buildings is carried out. The Institute of Agricultural Engineering Bornim (ATB) and the
Federal Agricultural Research Centre (FAL) collaborate with other institutes in Germany. The
immission (impact/nuisance) is a function of emission and transmission. The emission mass flow from
real livestock buildings with natural and forced ventilation systems is the product of the volume stream
and the odour concentration. The volume flow is measured by a special tracer gas technique by means
of Krypton 85, the odour concentration by olfactometry. In parallel to this, the meteorological data
(especially wind velocity, direction and turbulence) are recorded to describe the transmission
conditions. On the immision side the frequency of odour recognition is determined. In combination
with transmission and immission data a dispersion model is calibrated. By means of this the greatest
distance dmax cattle of no-effect in the surrounding of the special animal house of interest is calculated.
The results of several investigations lead to a distance function f(dmax cattle ). In comparison with the
disctance rule between pig houses and residential areas as reference distance curve a so-called ‘odour
equivalence factor’ is determined. The advantage of this procedure is to integrate new research results
without changing of the entire guideline. The guideline is used as screening model to make a first
assessment of the minimum distance at low cost.
Keywords: livestock buildings, emission, immission, odour, distance
INTRODUCTION
Odour caused by certain gases can lead to annoyances in the surroundings of livestock buildings.
Therefore the establishment of a minimum distance between human living areas and livestock
buildings is necessary. Guidelines established in Germany to define these distances are the guidelines
VDI 3471 (emission control - livestock management - pigs) and VDI 3472 (emission control –
livestock management - hens). In Austria and Switzerland similar regulations are used (Figure 1).
Nevertheless there are distance variations caused by different ways of grading the influences of
emission, transmission and immission. Of course the physical background is always the same: the
expansion of odour by the atmospheric wind.
Simulations of special conditions of emission and transmission lead to a variety of immission results
because of the lack of concrete physical data. Under false pretences simulations give the impression of
high exactness. Several questions are unanswered concerning the production of odour in mechanically
ventilated and wind induced naturally ventilated systems of animal housing: the turbulent diffusion,
the human reaction on odour. Though there is a great need of research the administration is forced to
determine the minimum distance and whether it is allowed to stay a little bit below the minimum
distance without risk to human health or threat to animal production.
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Figure 1. Distance function f in dependency on odour equivalence livestock mass MT,eq in different
European
countries

Figure 1. Distance function f in dependency on odour equivalence livestock mass MT,eq in different
European countries

MATERIALS AND METHODS
In order to determine the emission stream of a livestock building we have to measure the odour
concentrations of fresh and exhaust air and the air flow rate. In cattle houses we primarily have do deal
with naturally ventilated systems. We use the tracer gas Krypton 85 to measure the air change rate by
the theory for well mixed boilers. The exponent of the decay function of the concentration of Krypton
85 is the local air change rate. In connection with the volume of the livestock building the volume flow
can be determined (Müller et al., 1998). Parallel to this the meteorological data are recorded to
describe the transmission conditions. On the immission side the impressions regarding odours are
recorded with a portable computer (palmtop) by registration a yes- or no-decision of the operator.
Very rarely the widest distance dmax is determined by inspection. For that reason the frequency of
recognition wS is simulated by an expansion calculation with parameter calibration. After this the
widest distance dmax is determined by simulation making use of different combinations of wind speed,
wind direction and atmospheric turbulence class. Here the frequency of recognition is set to wS = 0.05.
DISTANCE DETERMINATION FOR CATTLE PRODUCTION
The main idea behind the creation of the guideline VDI 3471 was the determination of the threshold
distance for odour transmission. The investigations were carried out in the seventies with many
inspections on about 600 pig-housing units. The odour threshold distance was established in the
inspections in each case as the result of a certain meteorological situation with distinct emission
conditions; the number of times such situations took place was disregarded.
Within the guideline VDI 3473 (emission control – livestock farming – cattle – odorants) the so-called
odour equivalence factor feq was established for the first time. This factor allows to use the same
distance curve for pigs (VDI 3471) for other kinds of animals. The livestock mass MT is substituted by
the odour equivalence livestock mass MT,eq by means of feq:

M T ,eq = f eq M T
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Together with the points P awarded to the quality of the system of the livestock house, whereby a
maximum of P = 100 is permitted, the central distance relationship is (Krause, 1988):

d max = a ( P) M T ,eq

b( P)

(2)

a(P) and b(P) are polynomials in P and lead for P = 100 to a(100) = 48.697 and b(100) = 0.338. The
central distance relationship continues to stay in the new directive VDI 3474 (Emission control –
livestock farming – Odorants) when instead of the point-awarding an awarding of notes is introduced
through a so-called technology factor. Whatever system is applied one cannot get past the definition of
an odour equivalence factor feq in the further development of the livestock production directive.
Formally, such a factor can be developed through the determination of a distance according to the
specific type of animal dmax cattle (example for cattle). This uses the meter as length unit when MT is
given in large animal units (1 LU = 500 kg). The distance relationship dmax cattle is known to be of the
form

d max cattle = AM T
(1) and (2) directly lead to

B

(3)

f eq = 1 / M T [d max cattle / a( P)]

1/ b ( P )

(4)

Currently the guidelines are being revised and extended after 5 years. For the farming of cattle
sufficient research results do not exist. Therefore 31 cattle barns have been investigated during 2 years
(Müller, H.-J. et al. 2001). The same investigation took place in 16 livestock buildings for turkeys and
ducks.

Figure 2. The maximal distance dmax in dependency on the animal mass MT for cattle houses.

RESULTS
dmax cattle must be determined by experiments and simulations. Finally in Figure 2 the equation for
dmax cattle is stated as calculated by least squares method. In connection with equation (4) the odour
equivalence factor is

f eq = 0.01377 M T
151.

0.5338

(5)
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For MT = 50 LU equation (5) gives feq = 0.11, for MT = 500 LU the odour equivalence factor is feq =
0.38 and for MT = 2,000 LU we get feq = 0.8. The stables of investigations were characterised by an
animal mass between MT = 43.2 LU and MT = 1.952 LU. So an average value feq = 0.523 based on
equation (5) must be obtained within these boundaries.
It is worth mentioning that the odour equivalence factor feq according to equation (5) depends on the
animal mass MT. The exponent is of magnitude ½. With equation (2) we come to an estimation for the
distance function f(dmax cattle ) that leads to an exponent of (feq MT)1/3 ( MT 1/2 MT)1/3=(MT3/2)1/3=MT1/2.
This means that the general distance function to cattle houses shows an exponent of ½ rather then of
. For production houses of ducks and turkeys the exponent is smaller than ½. Looking at Figure 1 the
exponent in equation (2) describes the fundamental form of the distance curve and can assume values
between b =
in Germany and b
½ in Austria. When the odour equivalence factor feq shows a
dependency on MT this effect can be incorporated into the exponent b of the general curve. This gives
a hint that the starting the reference curve with b = may be a coarse approximation to the immission
situation of cattle production. But in the case of other animal production enterprises, there are other
exponents for b. It is a question of pragmatism to determine the best reference curve with a minimum
of deviations caused by feq and the dependency on MT.

DISCUSSION
In general the immissions (impact/ nuisance) emanating from ambient air pollution with odorants by
animal production will normally be assessed on the basis of distance rules in Germany: the VDIGuidelines 3471, 3472 and the new draft VDI 3474. The new draft puts together all the other
guidelines. The task is to extend the guideline to modern animal production systems and such kinds of
animals that are not taken into account as yet. But there is no financial support for hundreds of
inspections to determine the odour threshold distances in the surrounding of animal farming houses
and evaluate the results by statistical methods. Therefore a methodology was developed to determine
the no-effect levels dmax for odour emissions by simulation based on the measurement of emission,
transmission and immission values: volume stream rate, odour concentration, wind velocity, wind
direction, atmospheric turbulence class, frequency of odour recognition in the surrounding of the
animal farming house.
The distance function f(dmax) is determined and compared with the reference curve for pig houses; in
the seventies pig houses with forced ventilation systems were in the middle of interest. This procedure
leads to the equivalence factor feq. By the odour equivalence factor feq it is possible to use the same
distance curve between animal and dwelling houses for different kinds of animals. The distance f(dmax)
depends on the odour equivalent animal mass MT,eq. In general the exponent b of the odour equivalent
animal mass is .
The odour equivalent animal mass MT,eq is the product of the odour equivalence factor feq and the
animal mass MT. Latest investigations of cattle houses show that the equivalence factor depends on the
animal mass MT, too. That means that the exponent of the reference curve may be altered. But this
should be done with respect to the other kinds of animal production and perhaps in harmonisation with
other countries.
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SUMMARY
The effects of microwave radiation on chemical properties and in vitro digestibility of barley straw were
investigated. Barley straw (90% dry matter, DM) was separated manually into stem, leaf and leaf sheath.
Only the stem component was the subject of the study. The stem samples were cut into 5 cm long
segments before exposing to one of 5 different times of microwave radiation (MWR), 1.5 kw, 2450 MHz:
T0 = control (without MWR), T1 = MWR for 1 minute, T2 = MWR for 2 minutes, T3 = MWR for 3
minutes, and T4 = MWR for 4 minutes. Following the treatment, the samples were ground to pass a 1-mm
screen before analyzing for chemical properties: dry matter (DM), organic matter (OM), crude protein
(CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), cellulose, hemicellulose, and acid
detergent lignin (ADL); and in vitro digestibilities of dry matter (IVDMD) and organic matter (IVOMD).
In addition, metabolizable energy (MJ/kg feed dry matter, M/D) of the samples was estimated from
IVDMD using the formula provided by SCA (l990). Data analysis indicated that MWR affected the
samples in three patterns: DM, NDF, and cellulose were not affected by MWR (P>0.05). OM, ADF, and
hemicellulose were affected (P<0.05) by the treatment, but the effects did not follow any pattern related to
time of exposure. CP, IVDMD, IVOMD, and M/D increased linearly (P<0.05) as the time of MWR
increased from 0 to 4 minutes, the increases by 38%, 12%, 9%, and 13%, respectively. ADL decreased
(P<0.067) by 23% as the time of exposure to MWR increased. This study indicated that application of
MWR up to 4 minutes significantly increased the nutritive values of barley straw in terms of improved in
vitro digestibility and metabolizable energy while lignin content which is recognized as one of anti
nutrients in most roughages decreased significantly.
Keywords: microwave radiation, barley straw, chemical composition, in vitro digestibility
INTRODUCTION
Even though straw is regarded as a low quality roughage, it has long held an important role as ruminant
feed especially at times when a good quality hay/roughage is scarce. Straw has been fed to ruminant
animals with varying degree of success. Many studies have shown that although such materials may meet
the maintenance requirement of mature animals, they often give poor results when used as a major dietary
component for production of meat, milk, and fiber. This is due to the properties of the straw associated
with high content of cell walls that are highly lignified. The cell walls are often constitutes up to 80% of
the total dry matter of the straw and are mainly built up of structural polysaccharides which may be
crystalline with low levels of hydration and cross-linked to lignin. Consequently, proteins and readily
available carbohydrates are present in much lower percentages and that present maybe relatively
inaccessible inside the cells.
Therefore, before feeding to animals, straw may be processed to overcome anatomical/physical and
chemical barriers to digestion. The cell walls must be chemically altered or physically disrupted in order
to permit either cellulase or rumen microorganism to have more access to digest it. Various physical
treatments have been reported; some types of treatments like grinding/milling procedure followed by a
compaction process (pelleting/cubing) are commonly used for this purpose (Winugroho and Chaniago
1984). Exposing straw to treatment either with high steam pressure (Hart et al. 1981; Rangnekar et al.
1982) or high intensity of gamma irradiation (McManus et al. 1974a) increased in vitro and in sacco
digestibility of the straw but the animal intake of these treated materials did not improve (McManus et al.
1974b, Hart et al. 1981; Rangnekar et al. 1982).
Another physical treatment that could be applied is microwave radiation. Studies on wood have
demonstrated that intensive microwave radiation applied to wood results in rapid generation of high
153.
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internal steam pressure in the wood cells which in turn increases permeability of the cells/tissues several
thousands fold (Torgovnikov, 1993). Other studies indicated that enzymatic susceptibility of cellulose of
samples Pinus densiflora, Fagus crenata, and Phyllostachys was markedly increased by microwave
irradiation (Azuma et al., 1984).
The aim of this experiment was to evaluate in vitro digestibility of barley straw as a result of exposing the
straw to microwave radiation. We wished also to evaluate effects of MWR on the proximate analysis
results, particularly where chemical changes may have occurred.
MATERIALS AND METHODS
Straw
Barley straw used in this study was obtained from the 1999 harvest and was provided by the Victorian
Institute of Animal Science (VIAS) Werribee. Before microwaving, the straw was separated manually into
stem, leaf, and leaf sheath. Only the stem component of the straw was subjected to the microwave
treatment in this experiment because it has been recognized that it is the greatest portion of straw, the part
that most likely remaining in the field after the grain is harvested, and the part most resistant to rumen
degradation compared to the leaf or leaf sheath fractions. Dry matter (DM) content of the straw used in
this particular study was around 90%.
Microwave radiation (MWR)
Domestic microwave (MW) (Sharp, model R-4A52) used in this experiment operated with 1.5 kW of
electric power and at frequency of 2450 MHz. Before exposing to the MW, the samples were cut into ± 5
cm long segments. Approximately 50 g of the sample was placed in MW container then exposed to MWR
according to the treatment. Following the MWR, the sample was ground to pass 1mm screen for further
analysis.
The experiment was conducted according to a completely randomized design (Steel and Torrie 1980)
consisting of 5 treatments and 4 replications. The treatments were: T0 = control (without MWR), T1 =
MWR for 1 minute, T2 = MWR for 2 minutes, T3 = MWR for 3 minutes, and T4 = MWR for 4 minutes.
In this experiment, the longest time for MWR was determined by firstly exposing the straw to the MWR
for 30 seconds and then increasing the time of radiation gradually until a maximum time was reached
where the straw sample started burning. For these particular straw samples, the longest microwave
radiation time (MWRT) that could be applied was 4 minutes.
Laboratory Analysis
Control and MW-treated barley straw samples were analyzed for dry matter (DM), ash, total nitrogen (N),
neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL), cellulose, in vitro
digestibilities of dry matter (IVDMD) and organic matter (IVOMD). DM content was determined by
drying at 100oC in the oven for 24 h. The percentage of ash was determined by combustion of samples for
6 h at 550oC. Organic matter (OM) was calculated as 100-%ash (DM basis). Total N content was
determined by the Kjeldahl procedure (AOAC, 1990) and percentage of crude protein (CP) was calculated
as total N*6.25. Fibre composition (NDF, ADF, ADL, and cellulose) was analyzed according to the
procedure of Goering and Van Soest (1970), while hemicellulose was calculated as NDF–ADF.
IVDMD and IVOMD were determined according to pepsin-cellulase in vitro digestibility technique
(McLeod and Minson, 1978; 1980). This technique is a two-stage procedure requiring the addition of
cellulase in an acid buffer and addition of pepsin in an acetate buffer into the samples incubated at 50o C
for a total of 120 hours. Metabolizable energy content of DM (MJ/kg feed DM, M/D) was estimated from
IVDMD using the formula: M/D = 0.17 x IVDMD (%) –2.0 (SCA, 1990).
Statistical Analysis
All data were subjected to analysis of variance of a completely randomized design using statistical
software package (MINITAB statistical software rel.13.1, Minitab Inc. 2000). The experimental model:
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Yij = µ + Ti + ∈ij, where Yij = observation value, µ = mean, Ti = effects of treatment (i = 1, 2, 3, 4, 5), and
∈ij = experimental error (i = 1, 2, 3, 4, 5 and j = 1, 2, 3, 4).
RESULTS
The chemical composition and in vitro digestibility of barley straw after MW treatment is presented in
table 1.
Table 1. Chemical composition, IVDMD, IVOMD, and estimated M/D of barley straw according to the
treatment.
Nutrients (g/kg DM)
DM
OM
CP
NDF
ADF
Cellulose
Hemicellulose
ADL
IVDMD
IVOMD
ME (MJ/kg DM, M/D)

T0
927.3
931.0
6.3
857.7
563.3
445.0
294.4
109.6
379.9
397.9
4.6

T1
928.9
929.8
7.2
851.7
562.6
442.6
289.1
109.0
388.4
401.8
4.6

Treatments
T2
927.9
9278.8
6.7
847.0
545.7
430.3
301.3
105.7
399.8
412.2
4.8

T3
929.7
926.3
7.7
846.0
531.7
424.9
314.3
98.9
407.9
414.6
4.9

T4
931.3
930.8
8.7
849.2
540.5
443.2
308.7
83.9
424.0
433.2
5.2

P≤
0.426
0.027
0.016
0.156
0.000
0.112
0.011
0.067
0.000
0.002
0.000

Data analysis indicated that the chemical properties of the straw were affected by MWRT in different
patterns. DM, NDF, and cellulose were not affected by MW treatment (P>0.05). DM content of the
samples showed no significant changes, from 92.7% (T0) to 93.1% (T4). For NDF content, the range was
between 85.8% (T0) and 84.9% (T4). For cellulose, the percentage tended to decrease from 44.5%(T0) to
42.5% (T3), however it increased back to 44.3% for T4.
OM, ADF, and hemicellulose were affected (P<0.05) by the treatment, but the effects did not follow a
simple MWRT pattern. Both OM and ADF significantly decreased from 93.0% (T0) to 92.6% (T3) for
OM and from 56.3 % to 53.2% for ADF, but for T4 both nutrients increased back to 93.1% and 54.0%
respectively for OM and ADF. Even though ADF concentration followed no particular pattern overall it
decreased linearly as the MWRT increased following the equation, ADF = 56.6 – 0.896*MWRT (R2 =
64.4%). Unlike OM and ADF, the concentration of hemicellulose increased from 29.4% (T0) to 31.4%
(T3) but decreased to 30.9% for T4.
MW treatment affected CP, ADL, IVDMD, IVOMD, and M/D in linear manner. CP, IVDMD, IVOMD,
and M/D increased linearly (P<0.05) as the MWRT increased while ADL decreased linearly (P<0.006) as
the MWRT increased. ADL content decreased significantly (P<0.067) by 23%, from 11.0% (T0) to 8.4%
(T4) following the linear equation ADL = 11.5 – 0.596*MWRT (R2 = 42.3%). In contrast, CP increased
linearly as MWRT increased. Comparing T0 and T4, CP increased approximately 38% (from 0.63% to
0.87%) and the response represented by a linear regression equation CP = 0.631 + 0.0494* MWRT
(R2=45.2%). Similarly IVDMD, IVOMD, and M/D increased significantly as MWRT increased. IVDMD
increased 12% (from 38.0%, T0 to 42.4%, T4), IVOMD increased 9%, from 39.8% (T0) to 43.3% (T4),
while M/D increased 13%, from 4.6 to 5.2. Linear regression equations were: IVDMD = 37.8 +
1.06*MWRT (R2 =67.2%), IVOMD = 39.5 + 0.803*MWRT (R2 = 52%) and M/D = 4.43 + 0.180*MWRT
(R2 = 67.2%).
DISCUSSION
DM content of the straw did not change significantly after MWR even though there was a tendency that it
decreased as the level of MWRT increased. One possible reason was that the moisture content of barley
straw sample subjected to the treatment was very low (DM = ±90%), therefore the effects of MW on
removing the water, especially intracellular and cell wall intra-molecular water of the straw, was limited.
Similarly, the concentration of NDF and cellulose did not change significantly.
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For other nutrients, MWR was effective in altering the chemical composition of the straw sample. CP
increased approximately 38%. Though the increase in the percentage of CP was high, the actual amount of
CP of the straw was very low, 6.3 and 8.7 g/kg DM for T0 and T4 respectively. Therefore in terms of
quantity, the increase of CP was negligible. What may be of significance is the possible improved
exposure of N to microbial activity.
A decrease in lignin as MWRT increased may indicate hydrolysis of lignin-hemicellulose bonds and
solubilization of lignin when the molecular frictions occurred during the radiation. Studies on wood have
shown that during microwave radiation, the microwave energy causes water and wood substance
molecules to disassociate. The molecules of free and bound water, cellulose and lignin are vibrating and
rotating to result in molecular frictions (Peyskens et al., 1984). The same explanation may apply to the
decrease in ADF even though the pattern for ADF decrease was slightly different from that for ADL; at
the highest MWRT the ADF content increased rather than decreased as for ADL. The reason for this was
not clear. An increase in hemicellulose content (calculated as NDF-ADF) was primarily an effect of the
ADF pattern.
In vitro technique, which is commonly used to evaluate the nutritive value of feeds for ruminant animals,
indicated that both IVDMD and IVOMD increased significantly as MWRT increased. There were two
possible reasons for this increment. Firstly, MWR altered internal structure area and permeability of the
sample for enzymatic digestion. This would be consistent with the observation on wood. Magara et al.
(1988) reported substantial enhancement in enzymatic hydrolysis of lignocellulose material of ground
wood of Fagus crenata pretreated by microwave radiation to 160-2200C before enzymatic hydrolysis.
Secondly, MWR decreased lignin content of the straw sample, which in turn increased accessibility of
fibre for digestion. Based on IVDMD, the predicted increase in M/D of between 10-20% could be
regarded as important when straw is used as an energy/fibre source for ruminants.
In conclusion, application of microwave radiation up to 4 minutes increased the nutritive values of barley
straw in terms of improving in vitro digestibility and estimated metabolizable energy while the
concentration of lignin, which is recognised as an important anti-nutrient for ruminants, decreased quite
significantly.
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PRECISION OF THE TGI 35 L AUSTRIAN ANIMAL NEEDS INDEX FOR ON-FARM
ASSESSMENT OF ANIMAL WELFARE (WITH SPECIAL REGARD TO THE TGI 35 L FOR
FATTENING PIGS)
E. OFNER, T. AMON, B. AMON, M. LINS and J. BOXBERGER
Institute of Agricultural, Environmental and Energy Engineering, University of Agricultural Sciences Vienna,
Nussdorfer Laende 29 – 31, A-1190 Wien

SUMMARY
In Austria animal welfare is assessed by an index system, the TGI 35 L Animal Needs Index, that is
broadly accepted and in wide practical use. Its main field of application is the certification of animal
products but it can also be used as a guide for the farmer to detect faults in the housing system and as
an advisory tool by agricultural advisory agencies. The TGI 35 L is also included in animal welfare
legislation. Since this assessment of animal welfare has major consequences, it is important to
investigate the quality of assessment. In a current research project the Institute of Agricultural,
Environmental and Energy Engineering is examining the precision of TGI assessments in housing
systems for dairy cattle, calves, fattening pigs and laying hens. Furthermore, the validity of TGI
assessments is being checked by correlating the TGI score with animal health and behavioural
parameters. The investigations are also focusing on the development of further parameters for the
assessment section under “Stockmanship” of the index to improve the assessment of human-animal
relationship on farms. So far, precision of animal welfare assessments has been investigated in 127
houses for dairy cattle, calves, fattening pigs and laying hens in Austria. These TGI assessments gave
a repeatability between persons over a range of 56 to 96% and a repeatability within persons over a
range of 82 to 96%. The precision of assessment differed between the various sections of the
assessment. The results of our studies show that precision of the assessment can be further improved
as follows: 1) clarifying the descriptions of some of the criteria that have to be assessed, 2) intensive
theoretical and practical training of the assessors, 3) regular exchange of experience between the
assessors, and 4) improved co-operation and exchange of experience between the different controlling
agencies.
Keywords: animal welfare, TGI, ANI, animal needs index, on-farm assessment
INTRODUCTION
Health and welfare of domestic animals is a prominent issue in society and in all public discussions
about animal production. Consumers are increasingly demanding livestock products that are produced
with consideration to animals´ needs. Thus there is an urgent need to find reliable, valid and practical
methods of assessing animal welfare on farms.
In Austria animal welfare is assessed by an index system, the TGI 35 L Animal Needs Index [Note:
TGI, Tiergerechtheitsindex, is a synonym to the abbreviation ANI (Animal Needs Index), which is
used in a lot of publications such Bartussek 1999; 2000; 2001a; 2001b]. It is broadly accepted by
legislative authorities, farmers, controlling agencies, producer organisations and marketing chains. The
TGI index system was firstly introduced in 1985 (Bartussek 1999b, 2001a) and includes the following
five aspects that are considered essential for animal well-being:
1) affording movement and locomotion (“locomotion”)
2) affording social interaction (“social interaction”)
3) type and condition of flooring (“flooring”)
4) light and air conditions (“light/air/noise”)
5) stockmanship (“stockmanship”)
The TGI system includes housing, climate, management and animal related parameters (e.g. condition
of integument, condition of hooves). Table 1 gives an overview of the assessment sections and criteria
assessed by the TGI scoring system. The sum of all points awarded in the five sections corresponding
to the aspects 1-5 above gives the total TGI score. The better the housing system and management by
the farmer the higher the TGI score. It is recognised that animals can compensate negative influences
in one aspect (e. g. spatial restriction within the stable) by positive ones in another (e. g. outside
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exercise). However, minimum standards have to be achieved in each section. If not, the farm is only
given a provisional TGI score, and a fixed period of time is allowed to permit improvements before
the TGI is scored again. TGI scoring systems exist for cattle, calves, fattening pigs, pregnant sows and
laying hens (Bartussek 1995, 1996, 1999a, 2000, 2001b). In Germany a similar index (TGI 200) was
derived (Sundrum et al. 1994). Even though the structures of both TGI systems differ considerably,
assessment results are astonishingly similar (Schatz et al. 1997).
Table 1. Overview of the assessment sections and criteria of the TGI 35 L/1996 for cattle
Assessment
Columns
sections
a
b
c
d
e
f
I.
loose/group housing
tether systems
Locomotion
floor area lying down, stall size,
movement
outdoor
pasture
rising
boundaries
of tether
exercise
[days/year]
[days/year]
II.
floor area
herd
management outdoor
pasture
Social
structure
of young
exercise
[days/year]
interaction
[days/year]
III.
lying area
Flooring
softness
cleanliness slipperiness activity area outdoor
pasture,
yards
alpine
pasture
outdoor
draught in
noise
outdoor
daylight in air quality
IV.
lying area
exercise [hours/day]
animal
Light, Air,
[days/year]
house
Noise
V.
cleanliness condition of condition of cleanliness condition of technoStockmanship
of stable
equipment integument of animals
hooves
pathies

g

animal
health

The TGI 35 L is in wide practical use in Austria. Since 1995 it has been mainly used in controlling
animal welfare in organic farming housing systems with animal welfare currently be assessed on about
20,000 farms by about 150 trained assessors. A second field of application is the certification of
“welfare-friendly” animal products on a private law basis (label “tierschutzgeprueft”). In 1995 four
Austrian animal protection organisations founded a controlling agency that, for example in 1999,
controlled 744 stables that housed 587,896 laying hens using the TGI 35 L (Bartussek 2001c).
McDonalds Austria only uses eggs labelled with this trademark. Currently, the controlling agency is
considering the introduction of this label for other animal products too. The prices that farmers receive
for their products as well as subsidies depend on the result of the welfare assessment. The TGI 35 L
can also be used as a guide for the farmer to detect faults in the housing system and as an advisory tool
by agricultural advisory agencies. It is also included in animal welfare legislation of the Austrian
Federal Provinces Salzburg and Tyrol.
As described above the assessment of animal welfare by the TGI 35 L has major consequences. So it is
important to investigate the quality of this assessment tool. Over the last few years, the Institute of
Agricultural, Environmental and Energy Engineering (ILUET) has examined the sensitivity (Schatz et
al. 1997) and the precision of assessment of the TGI 35 L (Amon et al. 2001; Kummernecker 1999;
Ofner 1999). Currently ILUET is validating the assessment quality of the TGI 35 L Animal Needs
Index. Assessments were made on a much broader basis comprising housing systems for cattle, calves,
fattening pigs and laying hens. Repeatability of the assessment between persons and within persons
was investigated by the same method as in the first project. However, the present project goes much
beyond measuring repeatability of assessments. The development of further parameters for the
assessment section “Stockmanship” and the correlation between the TGI score and animal health and
behavioural parameters are also essential parts of the project. The research project started in February
2001. This paper presents first results on precision of animal welfare assessments casting a closer look
at the TGI 35 L for fattening pigs.
MATERIALS AND METHODS
Experimental design
Precision of animal welfare assessments by the “TGI 35 L 1995/96” Animal Needs Index was
investigated in 127 houses for cattle, calves, fattening pigs and laying hens in Austria (see Table 2).
The TGI assessments were made by 12 different groups of assessors each consisting of 3 persons.
158.

Anim. Prod. Aust. 2002 Vol. 24: 157-160

Assessors are employed by 4 different Austrian controlling agencies. On each farm 3 experienced TGI
assessors worked at the same time, but independently from each other. One month later, the same farm
was once more assessed by the same 3 assessors. Thus, it is possible to calculate the repeatability of
assessments and the error standard deviation between and within persons.
Precision of assessment
Precision is the closeness of repeated measurements of the same quantity to each other (Sokal & Rohlf
1995). The research project aims at investigating the precision of the total TGI score as well as the
precision achieved in each section of an assessment by using the measures repeatability and error
standard deviation. Methodology is described in detail in Amon et al. (2001) and Ofner et al. (2001).
Repeatability between and within persons. Repeatability ( ŵ ) describes the relative similarity of
repeated measurements on one object compared with results obtained from measuring different objects
(Essl 1987) and is thus a means for quantifying the quality of observations or measurements.
Repeatability is influenced by the variance of the farm (s²(b)), the variance caused by the person
carrying out the assessment (s²(p)) and the error variance (s²(ε)). A high repeatability between persons
means different people assign the same TGI score for a given farm, and high repeatability within
persons means the same assessor assigns similar TGI scores to the same farm one month after the first
assessment.
Error standard deviation between and within persons. Differences in the TGI scores can be caused
by differences between farms, by differences in the assessment of the same farm by different assessors
or by differences in the assessment process. The error standard deviation s(ε) is the estimated standard
deviation of the TGI scores on a given farm and is an absolute measure of the differences in the TGI
scores that can be exclusively traced to the assessment, i.e. to the assessor or to the assessment
process. It is therefore a very suitable measure of the precision of the assessment.
Statistical analysis
Data were analyzed by using PROC VARCOMP METHOD=TYPE1 in SAS (Release 6.12).
RESULTS AND DISCUSSION
Repeatability and error standard deviation were different in the TGI versions for different species
(table 2). Repeatability between persons of the total TGI score was situated within a range of 56 to
96 %, repeatability within persons was in the range of 82 to 96 %. The error standard deviation
between persons was situated within a range of 1.15 to 2.52 TGI points, error standard deviation
within persons within a range of 1.15 to 1.77 TGI points. The differences in precision between the TGI
versions for different species may be caused by differences in the experience of the assessors in the
application of the single versions. For example, due to the Austrian agricultural structure the TGI for
cattle is the most applied TGI version. A more intensive co-operation between the controlling agencies
would also help to improve the precision of assessment.
Table 2. Repeatability and error standard deviation between and within persons of the total score of the
TGI 35 L Austrian Animal Needs Index
TGI version
for:
cattle
calves
fattening pigs
laying hens

Assessed farms
[n]
70
17
20
20

Repeatability
between
persons
0.96
0.97
0.81
0.56

within
persons
0.96
0.97
0.82
0.86

Error standard deviation
[TGI points]
Between
within
persons
persons
1.15
1.15
1.13
1.04
1.81
1.77
2.52
1.42

TGI assessments of houses for fattening pigs gave a repeatability between persons of 81% and within
persons of 82%, that can be designated as medium to high value. It can also be derived that the
assessor hardly influences the result of the welfare assessment. The error standard deviation between
persons was 1.81 TGI points and within persons 1.77 TGI points. With a confidence interval of 95%,
95% of all TGI scores lie in the area of “true TGI score ± 2 s(ε)”. i.e., if 100 assessors assessed the
TGI score on one farm, only 5 assessments would show a larger deviation from the true TGI score
than ± 3.62 and ± 3.54 points respectively.
159.

Anim. Prod. Aust. 2002 Vol. 24: 157-160

The precision of assessment differed between the sections of assessment. This fact is described in
detail in Ofner et al. (2001) for the TGI 35 L for cattle and in table 3 of this paper for the TGI 35 L for
fattening pigs. ”Locomotion” and ”social interaction” showed high repeatability and can therefore be
assessed with high precision. ”Flooring” and ”light/air/noise” showed medium repeatability.
“Stockmanship” had a low repeatability. High repeatability goes along with low error standard
deviation and vice versa.
The differences differences in precision between the various sections can be traced to the criteria that
have to be assessed, to the experience of the assessors and to the co-ordination between the assessors.
If criteria can be measured objectively repeatability is high. If they also have a qualitative component
repeatability is lower. However, animal welfare is a complex phenomenon that cannot be fully
described only by objective criteria. Qualitative criteria are very important for a comprehensive
assessment of animal welfare and should, therefore, not be excluded from the TGI system.
In conclusion the following measures should be implemented to further reduce the error standard
deviation:
! improve the descriptions of the criteria that have to be assessed (e. g. technopathies, cleanliness)
! intensive theoretical and practical training of the assessors (to accompany existing training
manuals)
! regular exchange of experience between the assessors
! improved co-operation and exchange of experience between the controlling agencies
Table 3. Repeatability and error standard deviation between and within persons of the TGI 35 L for
fattening pigs in the five sections of assessment (n = 20 assessed farms)
Repeatability
Assessment section
Locomotion
Social interaction
Flooring
Light/Air/Noise
Stockmanship

between
persons
0.82
0,82
0.64
0.61
0.40

Error standard deviation
[TGI points]
between persons
within persons

within persons
0.82
0.83
0.62
0.70
0.52

0.41
0.52
0.76
0.77
0.93

0.40
0.50
0.78
0.67
0.83
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A NEW APPROACH TO MANAGING WOOL PRODUCTION - 'MEASURE AS YOU
GROW'
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Wool Program, Department of Agriculture, Locked bag No.4 Bentley Delivery Centre, WA 6983

SUMMARY
This paper reports the results for three separate experiments used to explore aspects of a new field
technique designed to estimate the monthly change in the fibre diameter (FD) and staple length (SL) of
flocks; a new tool that would allow woolproducers to adopt a 'measure as you grow' (MYG) approach
to managing wool quality. The new technique uses single staples cut on the skin using curved surgical
scissors from immediately above the right hipbone of a random sample of sheep each month. The
average FD of pooled 2mm snippets cut from the base of each staple is plotted against average SL.
The first two experiments established the LSD (95% confidence limits) in FD and SL with increasing
number of sheep sampled. In addition, it was established that between sheep variance in SL had the
greatest influence on estimated SL. There was no influence of either the person cutting the staple or
the person measuring the SL when a standard method was used. The SL of staples cut from above the
left hipbone were not significantly different from the right hipbone but the hip staples were 1.5mm
shorter than midside staples (P<0.005). In the third experiment, a single staple cut from immediately
above the right hipbone of a random sample of 20 sheep each month was used to plot an MYG FD
profile for each of 16 commercial flocks. The last sampling for the MYG FD profile was taken within
30 days of shearing. The seasonal variation in FD along the MYG profile was similar to that along hip
or midside staples taken from a random sample of 50 sheep at shearing and measured using an
OFDA2000. The length weighted mean FD of the MYG FD corrected for the difference in FD
between the hip and the midside sites was a reasonable estimate of the flock mean FD (17.3µ ± 0.30 v
17.8µ ± 0.36; mean ± sem for MYG FD and 50 minicored midside samples, respectively). The mean
FD of the hip staples was greater than the midside staples but the magnitude of the difference was
variable between age groups on the same farm and between the same age and genotype run on
different farms. The cost of the MYG service in a commercial wool testing laboratory is $5.50 per
flock per month and it was concluded that it could provide an effective management tool for
monitoring the effects of changes in grazing pressure on the FD of the wool grown.
Keywords: wool, sheep, management, staple length, fibre diameter, fibre diameter profile
INTRODUCTION
Peterson et al. (2000) reported that staple strength (SS) of young Merino sheep was significantly
increased by restricting feed intake on green feed after the break of season compared to sheep grazed
at the district average stocking rate. Restricting feed intake after the break of season increased the SS
because it reduced the rapid increase in FD associated with the onset of the new season green pasture;
i.e. 'flattened' the annual FD profile. Thus, restricting intake in winter/spring also resulted in a reduced
mean FD and the strategy proved very economical since both the quality (FD and SS) and quantity
(kg/ha) of wool grown increased simultaneously.
Traditionally, woolproducers have attempted to use measured or estimated changes in liveweight
and/or condition score to indirectly manage wool quality (Gherardi and Oldham 1998). However, both
Peterson et al. (2000) and Oldham (2000) reported a poor correlation between liveweight change and
SS in flocks under paddock conditions. Alternatively, new technology such as the OFDA2000
(Peterson and Gherardi 2001) could be used to directly monitor changes in the FD profile of a sample
of sheep within the flock. With this approach single staples are spread on a stage and optically scanned
in 5mm steps. For a sample of 20 sheep this approach will give estimates mean (± sem) of the FD (±
0.15µ), the FD at any point along the staple (± 0.35µ) and the staple length (SL; ± 1mm). However,
the current commercial OFDA2000 service is in the order of $1.20 per staple measured so it was
decided to research an alternative less expensive approach. The site above the hipbone was chosen for
speed, accuracy of sampling and convenience. It was hypothesised that manual measurement of SL
from single staples cut from this site combined with pooled cuts of 2mm snippets from the base of
each staple would provide estimates of flock FD and SL, and over time, estimates of change in flock
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FD and SL that would be of similar accuracy to existing technology. Further, it was hypothesised that
the sum of the length corrected mean FD would provide a reasonable guide to the flock average FD
before shearing.
MATERIALS AND METHODS
Exploration of sampling issues
Experiment1 (Fibre diameter) In each of 4 commercial flocks of young Merino sheep, staples were
cut from the midside (approximately 20cm from the backbone over the last rib) of 40 tagged
individuals selected at random. All flocks consisted of approximately 14 month-old mixed sex sheep,
with average liveweight between 38 and 44kg and average SL varying between 85 and 95mm
(approximately 11 months wool growth). Two flocks were of medium non-Peppin blood run in
separate paddocks on the same farm and the remaining two flocks were of Peppin blood also run as
separate flocks on a second farm. The staples were removed on the skin with curved surgical scissors
and rolled in soft toilet paper. In the laboratory the base 2mm was cut from each staple and the mean
FD was measured on an OFDA100 (a minimum of 2000 fibres were measured). The variance in FD
between staples within flocks was used to estimate the least significant difference (LSD; 95%
confidence level) in FD with increasing number of sheep sampled.
Experiment 2 (Staple length) In a commercial flock of 14 month-old Merino wethers with average
SL at the midside of 81mm, four operators (woolproducers) cut a staple from immediately above the
right hip bone of the same group of 93 individual tagged sheep. One operator also cut a staple from
above the left hipbone and the right midside of the same group of sheep. In this case the staples were
collected into individually labeled envelopes. In the laboratory, SL of each staple was measured
independently by three operators. The SL was measured by hand using a clear plastic ruler. The wool
staple was roughly straightened by hand and pressed flat using the weight of the ruler but not
stretched. The staple was measured from the tip to the base to the nearest millimetre; from the point at
the tip and the base where a majority of the staple fibres are aligned. Note wispy fibres at the tip and
base do not contribute to the SL measurement. The variance in SL within the flock was used to
estimate the LSD (95% confidence level) in SL with increasing number of sheep sampled. Differences
in SL between sampling site (midside, right and left hip), staple cutter and staple measurer were
examined using ANOVA (Genstat).
The relationship between flock performance estimated using the 'measure as you grow' FD profile
compared with standard laboratory tests conducted on midside samples after shearing
Experiment 3 (MYG FD profile in commercial flocks) In our studies we use a standard laboratory
test for FD (minicore and OFDA100) on 25g midside samples of greasy wool taken from 50 randomly
selected sheep to estimate the unbiased (unclassed) performance of the flock for the year for skirted
fleece wool (CM Oldham pers. com.). In this experiment the mean FD from 16 Commercial flocks of
Merino sheep was compared with the mean FD predicted from their flock's MYG FD profile (AD
Peterson pers. com.). In Peterson's system the length corrected mean FD of the MYG FD profile is
corrected for the mean difference in FD between a hip staple taken at shearing measured on the
OFDA2000 and the mean FD of the standard midside samples taken from the same 50 sheep. The
sheep had 8 to 14 months of wool growth and were shorn between August 2001 to February 2002. In
these flocks the last sampling of the MYG hip staples was conducted within 30 days of shearing (range
29 to 2 days). In Western Australia at the time of writing, Australian Fibre Testing of York, is
providing this service commercially to approximately 50 woolproducers at $5.50 per flock; i.e. $5.50
per set of 20 staples.
RESULTS
Experiment 1 The LSD in FD varied from around 1.8µ for 5 sheep to 0.6µ for 40 sheep and was
similar among the 4 flocks sampled (Figure 1).
Experiment 2 The LSD in SL varied from around 8mm for 10 sheep to 1.0mm for 90 sheep and were
similar among the 3 sites sampled (Figure 2). The SL of single staples cut from above the right
hipbone of 93 young Merino sheep was highly variable (range 57 to 100 mm). However, the measured
SL was independent of the person who cut or who measured the staples. The mean SL of staples cut
above the left hipbone (79.0mm) was not different from those cut above the right hipbone (78.1mm; P
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= 0.08). However, the mean SL of the staples cut from the midside was longer than those cut from the
hipbones (80.9mm v 78.6mm, respectively; P=0.005).
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Figure 2. The effect of sample size on the least
significant difference in SL; from staples cut from
◆) , right hipbone (ρ
ρ) or left
above the midside (◆
hipbone (■) of the same flock of 93 Merino

Figure 1. The effect of sample size on the least
significant difference FD; from 2 mm snippets cut
from the base of single midside staples from 40
▲) and 2 ( ) were
young Merino sheep; Flocks 1 (▲
ρ) and 4(●)
medium non-Peppins and Flocks 3 (ρ
were Peppin blood

Experiment 3 - The mean FD of the hip staples was greater than the midside staples (mean = 0.8µ
sem = 0.12µ; range = 1.6 - 0.1µ). However, the magnitude of the difference was variable between age
groups on the same farm (0.9 v 0.1µ; 14 month-old and 26 month-old, respectively) and between the
same age and genotype run on different farms (0.4, 0.7, 0.9, 0.2 and 0.5µ; for 5 different flocks of 14
month-old Merino ewes).
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Figure 3. The MYG FD profile for 14 month-old
ewes shorn in February (a-1) and OFDA2000 FD
profiles for hip and midside staples (a-2) - hip to
mid correction = 0.7 microns

Figure 4. The MYG FD profile for 14 month-old
ewes shorn in October with lamb tip (b-1) and
OFDA2000 FD profiles for hip and midside staples
(b-2) - hip to mid correction = 0.1 microns

The two typical examples shown in figures 3 & 4 demonstrate that seasonal change in FD in the MYG
profile is similar to the OFDA2000 profile for the hip and changes in hip staples measured by the
OFDA2000 also accurately reflect changes in the midside staples. The Flock FD estimated from the 50
midside samples taken at shearing was not different from the estimate using the Australian Wool
Testing Authority test certificates for the main fleece line produced from the flocks (17.8 ± 0.36µ v
17.7 ± 0.20µ, respectively). The estimate of flock FD calculated from the MYG FD profile for the
flocks, corrected for the difference in FD between the hip and midside sites, was not different from our
standard estimate of the mean Flock FD (Table 1).
Table 1. The fibre diameter (FD) predicted from 'measure as you grow' FD profiles (MYG FD; corrected
for the difference in FD between the hip and midside sites) compared with the standard estimate of flock
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FD (Flock FD; minicores and OFDA100 on midside samples from a random N=50) for each of 16
commercial flocks of Merino sheep
Flock performance
Mean
Range

MYG FD (µ)
17.3
19.9-16.2

Flock FD (µ)
17.8
20.8-16.5

Sem

0.30

0.36

DISCUSSION
Pragmatically, there is no doubt that sampling above the hipbone, is much quicker, easier and more
accurate than sampling from the midside. The monthly change in FD in hip staples also accurately
reflects changes in the midside staples. The average variation in FD from minimum to maximum along
the FD profile of staples drawn from 370 sale lots sold at auction in Fremantle and shorn between
September 1997 and September 1998 was 6.1 µ (C.M. Oldham pers. com.). Hence, we believe that if
woolproducers sample 20 sheep per flock per month, they will be able to detect and react to, real
changes in FD of ± 0.8µ and that is sufficient within their current grazing systems. Furthermore, the
prediction method developed by AD Peterson for predicting mean FD of flocks from their MYG FD
profile appears to offer promise as new management tool for wool producers. In the current analysis
the MYG estimate of flock FD was calculated using the difference between the overall length
weighted mean FD of the MYG FD profile and the mean FD of the midside sample from the same 50
sheep at shearing. However, the relationship appears more complex than reported by Young and
Chapman (1958). Future experiments should explore the use of correction factors assessed between
hip and midside staples sampled much early in the wool growing year and over years within the same
genotype and with increasing age.
In Western Australia 53 woolproducers are currently monitoring the monthly change in FD in at least
one flock of Merino sheep, as part of the Precision Wool Production project (see House et al. 2002).
The woolproducers in this project nominate the target FD, SL and SS that they want the flock to
achieve 12 months in advance and are developing new satellite based feed budgeting tools to allow
them to meet their targets with the help of the Department of Agriculture, CSIRO and DOLA (Henry
et al. 2002). As this project develops and control over the grazing systems improves it may be
necessary to sample more sheep per flock and/or change over to a more accurate and precise system of
measurement. With this in mind it is proposed to conduct a direct comparison of the MYG system
with monthly measurement on the OFDA2000. In the latter case the FD profile of each new batch of
staples creates the latest estimate of current FD at the new SL but also adds additional information for
previous estimates of FD earlier in the profile. This increase in accuracy and precision may justify an
increase in cost.
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THE INFLUENCE OF REPEATED TREATMENT WITH A HORMONAL GROWTH
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SUMMARY
The effect of reimplantation with a hormonal growth promotant (HGP) on meat tenderness was
investigated using steers generated from the northern crossbreeding program of the Cooperative
Research Centre for the Cattle and Beef Quality. For the 1996 and 1997 calf crops, straightbred
Brahman and F1 Brahman cross steers were allocated to finish at pasture or in a feedlot, to target
slaughter liveweights of 400 (Domestic Market), 520 (Korean Market) or 640kg (Japanese Market)
and remained either untreated (Control) or treated every 100 days with 20mg Oestradiol-17β
(Compudose 100). The average age at first implantation was 14.2 months for the 1996 calf crop and
12.3 months for the 1997 calf crop. A least-squares analysis of the tenderness scores of the m.
longissimus dorsi indicated that the taste panelist could detect a small reduction (P<0.05) in tenderness
from the aggressive strategy (up to 725 days exposure to HGP) of implantation with an oestrogen.
The effect of HGP treatment for the Pasture-finished group was 6.3 units (P<0.05) and from the
Feedlot-finished group was 4.9 units (P<0.05). The reduction was greater in straightbred Brahman
(13.4 units) than the F1 Brahman cross (average of the F1’s, 3.9 units). The positive linear relationship
between taste panel tenderness and intramuscular fat was significant for Pasture finish (P<0.05) and
tended to significance (P<0.10) for Feedlot finish. An aggressive sustained growth promotion strategy
has been shown to increase the toughness of beef, however it is unlikely that such an implant strategy
will be used in commercial practice.
Keywords: oestrogen, taste panel tenderness, intramuscular fat, Brahman, cattle
INTRODUCTION
Cattle hormonal growth promotants (HGP’s), including the sex steroid oestrogen and androgen (a
class of testosterone), lead to increased muscle mass and enhanced feed conversion efficiency
(Heitzman 1980). A strategy of repeated implantation of HGP’s, involving a small number of
implants (up to 4 implants), will continue to boost growth in steers (Hunter et al. 2000) with minimal
negative impacts on carcass quality (Wilson et al. 1999; Hunter et al. 2000). However, Hunter et al.
(2001a) have shown that an aggressive reimplantation strategy with Oestradiol-17β (up to 8 implants)
reduced the percentage of intramuscular fat in the m. longissimus dorsi. Given the complex
relationships between sex steroids, growth, genotype, carcass traits and the meat quality of particular
muscles (see van Weerden 1984; Bass et al. 1990; Harper 1999), the effects of sustained hormonal
growth promotion on meat quality of tropical breeds of cattle remain to be evaluated. The objective of
this experiment was to identify the consequences of using Oestradiol-17β as an aggressive growth
promoter on a subjective measure of meat quality, namely taste panel tenderness, of the m. longissimus
dorsi.
MATERIALS AND METHODS
Experimental animals and protocols
The 234 steers used in this study were obtained from the northern crossbreeding program of the
Cooperative Research Centre (CRC) for Cattle and Beef Quality (Upton et al. 2000) in 1996 and 1997.
The experimental animals, finishing treatments (Pasture, Feedlot), market destinations (Domestic,
Korean, Japanese) and hormonal growth promotant strategies (control (no implant), 20mg Oestradiol17β (Compudose 100) every 100 days) are described in detail by Hunter et al. (2001b). The average
age at first implantation was 14.2 months for the 1996 calf crop and 12.3 months for the 1997 calf
crop. Steers allocated to the growth promotant treatment were implanted up to 8 times with exposure
to the hormone of up to 725 days (steers born 1997 and finished at pasture for the Japanese market).
Hunter et al. (2001a,b) and Thompson (2001) describe details of electrical stimulation and the
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protocols that were used in carcass and eating quality assessment. All carcasses that were recorded as
not being electrically stimulated were removed from the analysis. As there was no carcass with a
Warner-Bratzler shear force value above 9kg the electrical stimulation of carcasses was considered to
be effective. However, there were 3 records with values of 8kg that were included in the analysis.
Genotype
The steers consisted of straightbred Brahman and 4 F1 Brahman cross genotypes. The crossbred
genotypes had been born to Brahman dams and sired by bulls of the following breeds: Santa Gertrudis,
Belmont Red, British (either Hereford, Shorthorn or Angus) and Continental (either Limousin or
Charolais).
Intramuscular Fat and Tenderness
Intramuscular fat of the m. longissimus dorsi (striploin) was determined by either chemical extraction
with diethyl ether in a Soxhlet apparatus or by near infrared spectroscopy (NIR). A sample of the
anterior half of the m. longissimus dorsi was submitted to Meat Standards Australia (MSA) for
estimation of tenderness by untrained consumer panels. Cooked samples were scored on a scale of 0 –
100 where 0 was the least acceptable and 100 was most acceptable.
Statistical analysis
Analysis of covariance (Statistical Analysis Systems Institute 1999 - 2000) was used to investigate the
effect of HGP treatment on scores of taste panel tenderness and the relationship between taste panel
tenderness and intramuscular fat. Since there was confounding between year/abattoir/estimation of
intramuscular fat, the Pasture-finished and Feedlot-finished groups were analysed separately. The
model consisted of fixed effects of year (1996, 1997), market destination (Domestic, Korean,
Japanese), genotype (Brahman, F1 Brahman x Santa Gertrudis, F1 Brahman x Belmont Red, F1
Brahman x British (Hereford, Shorthorn, Angus), F1 Brahman x Continental (Limousin, Charolais)
and hormonal implant treatment (control, HGP treatment) and covariates of intramuscular fat and
carcass weight within market. In the Pasture-finished group, year was confounded with method of
estimation of intramuscular fat (Soxhlet, NIR) and method was not included in the model as a fixed
effect. In the Feedlot-finished group, method (Soxhlet, NIR) was included as a fixed effect with the
difference between the two methods being non-significant (P>0.10). The evidence that we have is that
the confounding was negligible and does not affect the conclusions we make here. Means and terms
of the models were considered to be significantly different at P<0.05. Non-significant (P>0.05)
interaction terms were removed from the models.
RESULTS
Average values of the taste panel scores of tenderness of cooked samples of m. longissimus dorsi from
control and HGP treated steers for each genotype are presented in Table 1. Overall, after treatment
with the oestrogenic compound, the increase in toughness of meat samples of all the F1 steers averaged
3.9 units whilst the increase in toughness of straightbred Brahman steers was 3.4 times greater at 13.4
units (Table1).
± sem) for taste panel tenderness scores, where 0 was least tender and 100
Table 1. Arithmetic means (±
most tender, of each genotype either treated with Oestradiol or not treated with Oestradiol (control)
Treatment
Control A

Brahman
F1 Santa Gertrudis
F1 Belmont Red
43.6 ± 3.07
46.7 ± 4.10
47.9 ± 2.15
(16) B
(11)
(34)
Oestradiol A
30.2 ± 3.14
41.4 ± 4.73
44.9 ± 2.48
(15)
(9)
(30)
A
Combined data from Feedlot-finished and Pasture-finished steers
B
Number of animals in parentheses

F1 British
48.8 ± 2.53
(32)
43.4 ± 2.65
(25)

F1 Continental
46.9 ± 2.23
(32)
45.0 ± 2.31
(30)

The least-squares analysis of the taste panel scores, adjusting scores for carcass weight within market,
showed that HGP treatment resulted in a small but significant (P<0.05) reduction in tenderness for
both Pasture-finished (6.3 units) and Feedlot-finished (4.9 units) groups. Although the reduction was
consistent for each market (Domestic, Korean, Japanese), and occurred in all genotypes, the reduction
was not uniform across all genotypes. Unlike Brahmans, whose reduction was significant (P<0.05),
the reduction for F1 Belmont Red tended towards significance (P<0.10) and the reduction for the
remaining 3 genotypes was not significant (P>0.10). Genotype was also a significant fixed effect for
taste panel tenderness in both Pasture (P<0.05) and Feedlot-finished (P<0.01) groups. Brahmans had
consistently the lowest scores for taste panel tenderness whilst F1 Continental and F1 British the
highest scores in Pasture and Feedlot finish respectively.
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The regression coefficients for the effects of both carcass weight within market and intramuscular fat
are presented in Table 2. The R2 value for the Pasture-finished and Feedlot-finished models was 45.7
and 29.5% respectively. Carcass weight within market was not significant (P>0.10) for either Pasture
or Feedlot finish. The adjustment of tenderness for intramuscular fat was significant (P<0.05) for
Pasture finish and tended to significance (P<0.10) for Feedlot finish. The positive linear relationship
between taste panel tenderness and intramuscular fat accounted for an additional 5.5% and 1.8% of the
variation for tenderness score for Pasture and Feedlot finish respectively. Moreover, adjusting for
intramuscular fat generally resulted in less difference between the control and treatment within the
genotypes, with all F1s being non-significant at P>0.10, leaving only Brahmans with a significant
(P<0.05) increase in toughness after treatment with oestradiol.
± sem) for the effects of carcass weight within market and intramuscular
Table 2. Regression coefficients (±
fat on taste panel tenderness.
Pasture finish
Tenderness
Significance
score
level, P
Carcass weight (kg)

Intramuscular fat (%)

Within market:
Domestic
Korean
Japanese

-0.08 ± 0.108
0.11 ± 0.106
0.02 ± 0.064
4.70 ± 2.030

>0.10
>0.10
>0.10
<0.05

Feedlot finish
Tenderness
Significance
score
level, P
-0.11 ± 0.095
-0.01 ± 0.043
-0.01 ± 0.044
2.28 ± 1.218

>0.10
>0.10
>0.10
<0.10

DISCUSSION
The beneficial effects of hormonal growth promotants within the beef production process are well
documented, although there is some concern for the negative impact of growth promotants on
intramuscular fat and meat tenderness (see review by Duckett et al. 1997). After reviewing the
scientific literature, Harper (1999) concluded that the negative effect of implants, as they are used
commonly in Australia, on tenderness was minimal. However, the majority of scientific literature
deals with Bos taurus breeds. The present study reports the first data for Bos indicus and F1 Bos
indicus crossbreds. The data presented indicate that finishing strategies for Brahman and F1 Brahman
crossbreds, involving repeated use of implants of Oestradiol-17β, results in a small but significant
(P<0.05) increase in meat toughness. That the analysis of the first year (1996) of the data from the
CRC experiment (Hunter et al. 2001b) did not reveal a significant reduction in tenderness scores can
be attributed to the small number of animals (n=69) in the initial analysis compared to the number of
animals (n=234) in the current analysis. Gerken et al. (1995) also documented a significant (P<0.05)
reduction in taste panel scores for tenderness of top sirloin steaks from cloned Brahman x Angus
(Brangus) steers that had received a single implant of an oestogenic compound. The data in Table 1
and Gerken et al. (1995) suggest that consumers can detect increased toughness of meat from steers of
high Brahman content that have undergone oestrogenic growth promotion.
The larger reduction in tenderness score of the m. longissimus dorsi from straightbred Brahman
compared to F1 Brahmans (Table 1) is also consistent with the relationship between taste panel
tenderness and intramuscular fat presented in Table 2. The positive relationship between tenderness
and intramuscular fat (Table 2) augments the understanding of the connection between meat quality
and muscle fat as a positive, although curvilinear, relationship has also been found between
intramuscular fat and taste panel scores of flavour and juiciness (Thompson 2001). As Brahmans have
been shown to be the least tender (Crouse et al. 1989) and have the least intramuscular fat (see Burrow
2001) of the 5 genotypes, the compounding effect of reduced levels of intramuscular fat from HPG
treatment (Duckett et al. 1997; Hunter et al. 2001a) result in the relatively larger reductions in
tenderness score of Brahmans from the implantation strategy (Table 1). Moreover, after treating
vealers with an oestradiol growth promotant, van Weerden (1984) found that, at least for the m.
longissimus dorsi and not two other muscles, there was a small but negative (P<0.05) response in the
scores of tenderness from a taste panel. Thus, there is evidence that the negative response in
tenderness from treatment with oestradiol was muscle specific and was associated with leaner
carcasses, as in Brahmans and vealer calves.
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Given that oestrogen has an anabolic action on growth that is antagonistic (eg. stimulating cell growth,
inhibiting somatomedins) (Spencer 1985) it follows that any negative impact on carcass and meat
quality may also be inconsistent. Harper’s (1999) conclusion, from a review of the scientific
literature, that fat content contributed little to tenderness may only apply to less aggressive strategies
of oestradiol treatment and/or to carcasses of higher levels of fat and/or to muscles other than the m.
longissimus dorsi. The evidence from Tables 1 and 2 suggests that intramuscular fat takes on greater
importance for taste panel measures of tenderness of the striploin at reduced levels of intramuscular
fat, as with prolonged oestradiol treatment, and in those genotypes known to yield relatively leaner
carcasses.
The sustained growth promotion strategy (4 implants per year) used in this experiment is greater than
would be used in commercial practice. In another study at this laboratory (Hunter et al. unpublished)
it was found that implantation with Oestradiol-17β twice a year was not associated with a reduction of
tenderness of meat of high-grade Brahman steers, measured objectively by the Warner-Bratzler shear
force. Nevertheless, the current study adds to the body of knowledge about HGP’s that producers with
high content Brahmans can use to prepare their cattle for target markets.
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SUMMARY
While, in the past, sheep have been predominantly reared and grazed in western Queensland for wool,
interest in the sheep meat industry increased when wool prices became depressed. For north west and
central west Queensland producers, opportunities may exist to participate in live sheep and meat
export to Asia. The capability of the Mitchell grass downs to provide sufficient numbers of export
quality sheep under the variable climatic conditions while sustaining the land resources has been
simulated. Sheep numbers were found to be insufficient to maintain a consistent supply for live
export. However, raising marking rates and lowering mortalities effectively increased reproductive
performance to a level at which a surplus for export could be sustainable. Other practices might be
required for the live weight specifications to be met.
Keywords: sheep; supply capability; variable climate; Mitchell grass; simulation
INTRODUCTION
While in the past sheep in western Queensland have been predominantly reared for wool, the
possibility of exporting live sheep and frozen and chilled meat to Asia was considered when wool
prices became depressed in 1991. Opportunities could exist from May to August when supplies from
southern States are low and mutton prices reach cyclical highs. A computer model was developed to
simulate the number and live weight of wethers and ewes grazing the Mitchell grass downs of north
west Queensland and validated against historical ABS data (Australian Bureau of Statistics, 1960 to
1997) for sheep producing shires (Cloncurry, Flinders, McKinlay and Richmond) in the North West
(NW) Statistical Division (Pepper et al. 2001). When the model was run for sequences of climatic
conditions generated stochastically from distributions based on historical data which were correlated
in some instances, the difficulties of sustaining a consistent supply of sheep under variable climatic
conditions was highlighted. The low reproduction and survival rates presented a major problem for
those shires (Rose 1972; Rose 1976). However, Cobon et al. (1994) has demonstrated that by
adopting a management package designed to reduce the environmental and nutritional constraints,
lambing percentage could be increased by over 20% above the district average, lamb losses minimised
to 0-2%, and losses from marking to first shearing to 2-5% with weaner death rates of 7-21%.
In this paper, the output from the model is compared with historical ABS data for the shires of Winton,
Longreach, Aramac, Ilfracombe and Barcaldine, major Mitchell grass areas, in central west (CW)
Queensland. This provides further validation of the model and extends the catchment area for the
sheep meat trade for opportunities in either the domestic or live export trades. The effect on the
availability of young wethers, of scenarios based on increasing marking percent and reducing
mortality are explored for the sheep-producing shires of NW and CW Queensland.
MATERIALS AND METHODS
Validation of simulation model
Simple climatic measures, including rainfall and number of rain days in the growing season, and the
number of days from the end of the previous growing season to mid-joining (Pepper et al. 2001), were
derived from meteorological data from Toorak Sheep Field Research Station, Julia Creek (Latitude 21o
2’ Longitude 141o 48’) and Rosebank Research Station, Longreach (Latitude 23o 32’ Longitude 144o
16’). These measures, which were used to describe seasons for NW and CW Queensland respectively,
were of similar magnitude but the CW measures were slightly less variable than those for NW
Queensland. The initial age structure of flocks was determined by running the model for several years
with historical climatic conditions for both NW and CW. Ceilings on stock numbers were set from the
ABS numbers taking into account cattle numbers. Drought management strategies such as selling a
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proportion of wethers progressively down to two-tooth and selling the oldest ewes were incorporated,
together with general management decisions such as ewe cast-for-age and wether turn-off age. These
parameters were verified by running the model with ABS marking and mortality values and comparing
the simulated numbers with the ABS numbers for 1960 to 1997. The model was then run with
mortality rates, marking rates and live weight characteristics of sheep of various ages estimated from
the simple climatic measures, stocking rate and reproductive status. Simulated sheep numbers were
compared with the ABS numbers.
Investigating the effect of management strategies
Sequences of climatic conditions for NW and CW Queensland were generated stochastically from
distributions based on historical climatic data taking into account any correlation between measures
(Pepper et al. 2001). Management procedures outlined by Cobon et al. (1994) were assumed to
increase marking percentage and reduce mortalities of adult sheep and weaners above that estimated
from the climatic measures. Sustainable livestock capacities expressed as dry sheep equivalents were
based on the areas of native and sown pasture in each of the 13 vegetation zones for the NW and 10
vegetation zones for the CW shires (Weston et al. 1981), and estimated to be 7.45 million for NW;
5.21 million for CW. Although stock numbers have been higher in the past than the estimated
sustainable number, the ceiling on stock numbers was set at the sustainable numbers for these
investigative simulations. Cattle numbers were assumed to remain static at 86,9522 and 341,372, the
ABS levels in 1998 for NW and CW respectively. Wethers were turned off at 3.5 years. Initial flock
structure was assumed to be that at the end of the simulations using historical data but with all wethers
over 2.5 years sold off. This had the effect of initially lowering the stocking rate. The model was run
for three scenarios, firstly a scenario reflecting the status quo, and then scenarios with increased
marking percent and decreased mortalities.
Table 1. Input parameters that differ for CW from those for NW used in Pepper et al. 2001
Description
Ceiling* before (000,000 DSE)
Ceiling* after 1990 (000,000 DSE)
Proportion of wethers over 1.5 years sold in 1st year of drought
Proportion of wethers over 1.5 years sold in 2nd year of drought
Proportion of oldest ewes sold in drought
Proportion of ewes joined in 1st year of drought
Proportion of ewes joined in 2nd year of drought
Ratio of ewes to wethers sold when overstocked
Age ewes cast-for-age
Age wethers turned off
Number of weeks in joining period
Increase in marking
Decease in mortality of adults
Decrease in mortality of weaners
* Sustainable limit for scenarios 1, 2, 3

Historical
CW
5.46
5.88
0.3
0.5
1.0
0.5
0.2
0.3
7.5
7.5
7
n.a.
n.a.
n.a.

Scenario 1
NW CW
7.45 5.21
7.45 5.21
0
0
0
0
0
1.0
1.0
0.5
1.0
0.2
1.0
1.0
8.5
7.5
3.5
3.5
8
7
0%
0%
0%
0%
0%
0%

Scenario 2
NW CW
7.45 5.21
7.45 5.21
0
0
0
0
0
1.0
1.0
0.5
1.0
0.2
1.0
1.0
8.5
7.5
3.5
3.5
8
7
5%
5%.
1%
1%
2%.
2%

Scenario 3
NW CW
7.45 5.21
7.45 5.21
0
0
0
0
0
1.0
1.0
0.5
1.0
0.2
1.0
1.0
8.5
7.5
3.5
3.5
8
7
10% 10%
2%
2%
3%.
3%.

RESULTS
Comparison of simulated and ABS numbers in CW Queensland using ABS marking and mortality
values in the model
To check whether the drought and overstocking strategies were suitable, the simulated total number of
ewes was compared with the ABS figures for breeding ewes and maidens plus half the lambs and
hoggets. Similarly, the simulated total number of wethers was compared with the ABS figures for
wethers, rams, and dry ewes plus half the lambs and hoggets. As illustrated in Figure 1 a reasonable
fit was obtained although the drought of 1966 was poorly described and consequently wethers were
not sold off until the 1970 drought. Drought strategies were invoked in 1970,1971,1989 and 1994, and
overstocking strategies were invoked in the sixties and 1975,1978,1991 and 1992.
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Figure 1 Ewe numbers in CW (x – ABS, o – simulated); Wether numbers in CW (x – ABS, o – simulated)

Comparison of simulated and ABS numbers in CW Queensland using simulated marking and mortality
Values in the model
Using the marking and mortality rates predicted from empirical equations within the model, the
simulated sheep numbers were compared with those from the ABS (Figure 2). The fact the model did
not recognise the drought in 1966 remained a problem. Overstocking strategies were invoked in the
sixties and 1977 and 1978. Parasites and predators were simulated in the run of good seasons 1973,
1974 and 1975. Simulated ewe numbers for CW did not increase at the same rate as the ABS numbers
in the mid to late eighties. It is interesting that the 1987 ABS ewe numbers increased while wether
numbers decreased. Simulated CW wether numbers were increasing in the nineties as ABS numbers
were falling.

Figure 2 Ewe numbers in CW (x – ABS, o – simulated); Wether numbers in CW(x – ABS, o – simulated)

Comparison of scenarios
When 50 hypothetical years were simulated, droughts occurred in years 7,21,28,30,32,42,47 and 48;
parasites and predators in year 46 for the NW and years 5, 39 and 46 for CW Queensland. The effect
of not joining all ewes in drought years was reflected in a severe drop in wethers turned off three years
later. With current marking and mortality rates as illustrated by scenario one (Figure 3) the number of
young wethers turned off at 3.5 years from the Mitchell grass downs did not reach the sustainable
limits (1.37 million for NW; 3.55 million for CW). However, if marking percentage could be
increased and mortalities decreased by adopting the strategies of Cobon et al. (1994), the simulated
turnoff numbers for CW and NW rapidly reached the sustainable limit even with an increase of 5% in
marking and a minor decrease in mortalities.
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Figure 3 Wether numbers and average weights for scenarios 1 (x), 2 (o), 3 (+); NW and CW combined

DISCUSSION
The model simulated ewe and wether numbers for CW Queensland reasonably well over 38 years
although not as well as it had for NW Queensland. The differences between the ABS and simulated
estimates for the 90s are thought to be due to the industry subsidised shooting of sheep following the
wool price crash of 1991. Drought, poor reproduction rates, poor prospects for wool and perceived
better prospects from cattle production could have contributed to the decline in sheep numbers.
The simulated numbers from the investigative scenarios (Figure 3) show that flocks are just
sustainable with current marking and mortality percentages. This would mean that a live sheep trade
under existing husbandry regimes is unsustainable on a consistent annual turnoff basis from these
shires. While the sheep flock in NW and CW Queensland is able to provide a small surplus, the
availability of young wethers for the sheep meat trade after drought years presents a problem. This
denies producers consistency of supply in some years unless husbandry measures are put in place. The
wether turnoff fluctuates around 200,000 per annum but is less than 100,000 in some years. If
100,000 sheep are needed for a ship consignment this means that only one ship per annum could be
supplied from the shires north of the Tropic of Capricorn. While live sheep export may be denied,
smaller consignments of frozen or chilled product for export may be sustainable. The simulations
show the sheep flock was very susceptible to climate change. Scenario 2 showed a doubling in wether
turnoff by lifting marking rates 5% and lowering ewe and weaner mortality to 1% and 2%. This
suggests that investment in husbandry to increase lambing percent and reduce mortalities could reap
profitable responses. It also suggests live exports may be sustainable. Figure 3 shows that the flock
quickly builds over 10 years to the sustainable limit in the simulation. However, drought events
deplete the flock severely in some years. Despite this, flock rebuilding is rapid and the turnoff benefits
between scenarios 1 and 2 remain. Scenario 3 magnifies the benefits of improved husbandry practices.
The live weight of wethers turned off varied between 34kg and 56kg in the simulation. There were
little differences in weight between the scenarios. Heavier live weights are preferred for both live
sheep exports and the domestic trade. The data show that live weights of wethers under current
conditions would not suit the live trade in about half the years if a threshold of 40kg was adopted.
Therefore the issue of how live weight might be enhanced would need to be addressed.
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COMPARISON OF THE SIROLAN FLEECESCAN AND OFDA2000 FOR ON-FARM
TESTING OF FIBRE DIAMETER
A.D. PETERSON and S.G. GHERARDI
Western Australian Dept. of Agriculture, Locked Bag No. 4, Bentley Delivery Centre, WA 6938

SUMMARY
This paper reports the results of a comparison trial between the on-farm testing technologies, Sirolan
FLEECESCAN and OFDA2000, and commercial laboratory testing for the measurement of Mean
Fibre Diameter (MFD) of individual animals. The trial was conducted on a commercial property at
Mingenew, Western Australia, using the same 99 ewe hoggets. The 95% confidence limit for the
measurement of a greasy staple from the hipbone using the OFDA2000 was 0.57 µm. For the
FLEECESCAN, the 95% confidence limit for the measurement of the MFD of a whole fleece was
0.88 µm. A comparison in the ranking of fleeces on MFD was made between the on-farm tests, and an
accurate and precise estimate based on 8 individual measurements per fleece in the laboratory. The
FLEECESCAN was found to be the best instrument for ranking fleeces on MFD, whereas, the
OFDA2000 had a similar precision to conventional laboratory testing. The results confirm that the onfarm testing technologies are sufficiently precise to be used as a tool for ranking sheep on MFD.
Keywords: fibre diameter, OFDA2000, Sirolan FLEECESCAN, on-farm testing
INTRODUCTION
The commercialistion of two new technologies now provides wool producers with the opportunity to
measure the mean fibre diameter (MFD) of fleeces from individual sheep on-farm. The Sirolan
FLEECESCAN (Hansford 1999) is designed to core and measure a fleece after shearing whereas the
OFDA2000 (Brims et al. 1999) measures a staple from a sample site either before or after shearing.
The information provided by these new technologies is currently being used by producers for the
selection of animals for breeding and/or the splitting of a clip into marketable parcels based on MFD.
Previous work has reported the accuracy of the FLEECESCAN (Hansford, 1999) and the precision
and accuracy of the OFDA2000 (Baxter 2001; Behrendt et. al. 2001; Peterson and Gherardi 2001),
although there has been no comparison of the two technologies when measuring the same fleeces. For
the selection of animals under commercial measurement conditions, the precision of an instrument is
more important than its accuracy, however for the splitting of lines precision and accuracy is
important. This paper reports the relative precision of both the FLEECESCAN and OFDA2000 in
measuring the MFD of individual fleeces on-farm and compares these estimates with those of a
commercial laboratory.
MATERIALS AND METHODS
OFDA2000 Measurements
The trial was undertaken on a random sample of 99 Australian Merino Society ewe hoggets on a
commercial property at Mingenew (Western Australia). From 60 of the sheep, 20 g wool samples were
removed with electric shears from 8 different sites around the animal. These sites were the midside
(left and right), hipbone, shoulder (left and right), wither, mid-back and rump. Only a midside and
hipbone sample were taken from the remaining 40 sheep. From the 20 g sample, three staples were
chosen from the hipbone sample and one staple was chosen from the midside sample. Each staple was
individually prepared (3 to 4 micro-staples per staple) and measured in the yards with the OFDA2000
so that there were 3 individual tests from the hipbone and 1 test from the midside for each animal. The
remainder of the 20 g samples was sent to Australian Fibre Testing, a commercial laboratory situated
at York, Western Australia. These samples were aqueous scoured, minicored and measured with a
Laserscan for MFD under standard laboratory conditions (20°C & 65% RH).
For the OFDA2000 measurements, a grease test was performed on the staples from 30 sheep by
scouring the staples in an ultrasonic bath filled with a solvent of 90% hexane and 10% alcohol. Staples
were then dried for 5 minutes at ambient environmental conditions and re-measured with the
OFDA2000 with the grease correction factor (GCF) turned off. The mean difference in fibre diameter
between the greasy and clean staples was 0.8 micron (19.9µm-19.1µm). The GCF, and the MFD at
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which the GCF was calculated (19.9 µm) were entered into the OFDA2000 software (v4.21). The
automatic humidity correction was also used for all measurements in the field.
FLEECESCAN measurements
The same 100 ewe hoggets that were measured prior to shearing using the OFDA2000 were shorn the
next day. Immediately after skirting, the fleece was cored once and the core sample was measured by
the FLEECESCAN. This process was repeated another two times for each fleece with the fleece being
taken out of the coring chamber and turned around between cores.
Data analysis
The MFD results from 99 hoggets were used to assess the precision of tests from the FLEECESCAN
and OFDA2000. The values of precision were based on 3 repeat core measurements on each fleece
(FLEECESCAN) or 3 different staples taken from the same 20 g sub-sample of the hipbone
(OFDA2000). The precision of the two systems was not directly comparable because the value for the
FLEECESCAN was for testing a fleece whereas, the value for the OFDA2000 was for testing a sample
site (hipbone). Measurements from the 99 sheep were split into three micron groups (<19, 19 to 20
and >20 µm) to investigate any changes in the level of precision relative to MFD. A comparison of the
FLEECESCAN and OFDA2000 with laboratory measurements was also undertaken on the first set of
60 hoggets. The 60 sheep were ranked on their MFD measurements and their relative rankings were
compared using different methods of measurement. The sheep were ranked from 1 to 60 based on their
MFD measurement from lowest to highest. The ranking of the 60 sheep based on the range of MFD
measurements from each instrument was regressed against their ranking based on the MFD of the 8
sample sites. The standard error of the fitted line was then used to estimate the error in ranking
animals. For example, a 95% CL of ±17 for the laboratory midside test meant that an animal ranked as
40 out of 60 would have a 5% chance that its true ranking would be less than 23, or greater than 57.
Statistical regression analysis was performed on the relationship between on-farm testing and
laboratory measurements using the software package Genstat for Windows 5.0. The IWTO guidelines
for calculation and reporting of statistical data (IWTO-0 Appendix B) were used where applicable.
The variance components were estimated from a Restricted Mean Likelihood (REML) model.
RESULTS
Precision of OFDA200 and FLEECESCAN
There was a significant difference (P<0.001) in MFD of 0.31 µm between the two instruments (Table
1). The variance between sheep was the same for both machines (P = 0.177), but the variance between
replicates was significantly different (P<0.001), (Table 1). There appeared to be no difference in 95%
CL’s between micron classes for either instrument.
Table 1. The precision of measuring one greasy staple from the hipbone using the OFDA2000, and that for
measuring a a single core from a fleece using the FLEECESCAN. Values in brackets are standard errors.

OFDA2000

No. Sheep
Mean
Variance between sheep
Variance between reps
95% CL (between reps)

<19
31
18.25
0.404 (0.113)
0.104 (0.018)
0.63

Micron Class
19-20
39
19.47
0.057 (0.019)
0.073 (0.012)
0.53

FLEECESCAN

No. Sheep
Mean
Variance between sheep
Variance between reps
95% CL (between cores)

46
18.23
0.437 (0.105)
0.178 (0.026)
0.83

30
19.43
0
0.218 (0.032)
0.91

>20
29
21.00
0.836 (0.231)
0.081 (0.015)
0.56

Pooled
99
19.54
1.535 (0.223)
0.085 (0.008)
0.57

23
20.95
0.572 (0.198)
0.201 (0.043)
0.88

99
19.23
1.463 (0.219)
0.200 (0.020)
0.88

Comparison between OFDA2000, FLEECESCAN and laboratory
The MFD between animals ranged from 16.4 to 23.2 µm (measured in laboratory). The OFDA2000
measured significantly finer (0.2 µm, P<0.05) than the laboratory measurements for the hipbone but
was not significantly different (P>0.05) to laboratory measurements on the midside. There was no
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significant (P>0.01) difference in the ability of the FLEECESCAN or OFDA2000 to estimate the
MFD of the whole un-skirted fleece (Table 2).
Table 2. Statistical data for linear regressions and difference (ie. OFDA2000 minus Lab) vs. average (ie.
combined mean of OFDA2000 and Lab) plots when comparing various systems of MFD measurement.
Values in brackets are standard errors
X vs. Y
OFDA2000 (1 staple hip) vs. Laboratory (8 sites), n=60
r2
Slope
Intercept
FLEECESCAN (1 core) vs. Laboratory (8 sites), n=60
r2
Slope
Intercept

Linear Regression

Diff. vs.
Average

0.80 (0.54)
1.03 (0.04)
-0.23 (0.75)

NS
NS
NS

0.83 (0.54)
1.16* (0.04)
-3.05 (0.75)

0.08
0.16+(0.04)

*slope significantly different to 1 (P>0.05); +difference significantly different to 0 (P>0.05); NS = not
significant.

The ability of the FLEECESCAN and OFDA2000 to rank sheep improved as the number of
measurements increased (Table 3). The ranking based on the average of three core tests using the
FLEECESCAN best matched the ranking based on the average MFD of the 8 sample sites. The
ranking based on one core test using the FLEECESCAN was marginally better than a midside test
conducted in the laboratory.
Table 3. Correlation coefficients (with standard errors) between the rankings of 60 sheep based on the
MFD of 8 sites (Laboratory), versus the ranking of sheep based on a range of MFD measurements
undertaken on-farm or in the laboratory
Comparative Measurement
Laboratory (midside only)
FLEECESCAN (1 core test)
FLEECESCAN (mean of 3 core tests)
OFDA2000 (hipbone, 1 staple)
OFDA2000 (hipbone, mean of 3 staples)
OFDA2000 (midside, 1 staple)
OFDA2000 (mean of mid and hip, 1 staple each)

r2 (s.e.)
0.75 (8.70)
0.79 (8.07)
0.88 (6.10)
0.72 (9.29)
0.74 (8.80)
0.74 (8.97)
0.79 (8.09)

95% CL
17.0
15.8
12.0
18.2
17.2
17.6
15.9

Variation at sites across a fleece
The average difference between midside and hipbone sample sites was 0.45 µm for OFDA2000
measurements of greasy staples, and 0.5 µm for the laboratory measured samples. Of the sites
measured, the shoulder was the finest sample site (Table 4). There was a 1.1 µm difference between
the finest and broadest (rump) sample site. Of all the sites, the midside had the strongest correlation
with the average MFD of the 8 sites.
Table 4. The average MFD of 60 animals tested at each sample site by the Laserscan under laboratory
conditions. Correlations are shown between the MFD at a site, and the combined average MFD of the 8
sample sites.
Site

MFD (um), variance
in brackets

Shoulder
Shoulder (2nd)
Midside
Midside (2nd)
Wither
Middle Back
Hipbone
Rump
Mean

18.85 (1.36)
18.91 (1.37)
19.04 (1.29)
19.17 (1.48)
19.27 (1.40)
19.56 (1.28)
19.74 (1.54)
19.94 (1.42)
19.32

Correlation coefficient (r2)
with MFD of 8 Sites
(s.e. in brackets)
0.75 (0.58)
0.75 (0.58)
0.83 (0.49)
0.83 (0.43)
0.80 (0.53)
0.79 (0.52)
0.83 (0.51)
0.79 (0.54)

DISCUSSION
The results of this study show that the level of precision for the on-farm testing of MFD using the
FLEECESCAN and OFDA2000 was similar to that for conventional laboratory testing of a mid-side
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sample. Accordingly, both the FLEECESCAN and OFDA2000 can be used for the ranking of sheep
within flocks on-farm. The level of precision of both the FLEECESCAN and OFDA2000 improved as
the number of cores or staples increased respectively. This indicates that in the case of the
FLEECESCAN, further improvements could be made to the sampling technique. Observations of the
FLEECESCAN coring head during operation suggest that coring could be improved by presenting
more compressed fleece to the coring head. In the case of the OFDA2000, there is the opportunity to
measure more staples from the same site. However, better precision was achieved by testing a staple
from both the midside and hipside rather testing the same number of staples from one sample site. By
testing staples from more than one sample site, some of the variance in fibre diameter between sites
can be accounted for, leading to better test precision.
The level of precision for the OFDA2000 in this study was better than previously reported. The mean
95% CL for testing a single greasy staple was 0.57µm, which was lower than reported estimates of
1.2µm (Peterson and Gherardi 2001), 1.1µm (Baxter 2001) and 0.7µm of Behrendt et al. (2001). It is
likely that the 95% CL's depend on the variation in fibre diameter between sites within a fleece. The
small range in fibre diameter between sites (1.1 µm) within the fleece of the Australian Merino
Society sheep in this trial could have contributed to the lower 95% CL's. Furthermore, the very low
grease correction factor of 0.8 µm for this flock may have also contributed to the reduction in the 95%
CL. Since the precision estimates are dependent on these factors, this estimate for a sample site is of
little practical use when attempting to report a standard 95% CL for a test. However, the relative 95%
CL's for ranking fleeces shown in Table 3 are far more useful. Since there was little difference in
ranking precision between the laboratory and the OFDA2000 for either midside or hipbone sampling,
one would be confident in using OFDA2000 for animal selection.
Other than the whole fleece, the midside was found to be the best sampling site for ranking animals on
MFD. The midside is the site that is considered to be most representative of the whole fleece
(Newton-Turner 1956; Dunlop and McMahon 1974; Hansford 1992). However, in our study, the
hipbone was only slightly less precise than the midside. Furthermore, the hipbone was the next best
sample site when compared to the other sampling sites in this study (Table 4). Several commercial
operators have reported that they prefer the hipbone as a sample site since it is easier to find and
access. The results of the trial suggest that there is only a small penalty in test precision when
sampling the hipbone and the use of this site is justified given the opportunity for increased sampling
error due to incorrect site selection and ease of sampling this site.
There is another potential source of error for the estimation of MFD using the OFDA2000. Staples are
measured greasy and despite the use of a grease correction factor, this value can not account for the
natural variation in the grease factor between sheep. However, the grease correction factor for
individual sheep is only necessary if an accurate estimate of MFD is required. It is not practical to
measure the grease correction factor of all sheep and if better test precision is required, it is better (but
more costly) to measure the MFD of scoured staples. This study demonstrates that it is unlikely that
the expected improvements in test precision would provide significant improvements in the ranking of
sheep since the precision of both OFDA2000 and commercial laboratory testing were already similar.
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SUMMARY
The Southern Crossbreeding Project was designed to examine a range of Bos taurus cattle breeds for
production and beef quality traits. Jersey, Wagyu, Angus, Hereford, South Devon, Limousin and
Belgian Blue sires were mated to Hereford cows with calves born over four years (1994-97). By
testing two cohorts (1995-drop steers and 1996-drop heifers) representing 50 sires, it was concluded
that there were no breed differences in tenderness or pH but there were differences in juiciness.
Breeds high in intramuscular fat (Jersey and Wagyu) and the double-muscled Belgian Blue had less
cooking loss than the other breed combinations.
Keywords: cattle breeds, tenderness, cooking loss, meat quality
INTRODUCTION
Tenderness and juiciness are key factors affecting consumer decision to purchase beef.. The Southern
Crossbreeding (SXB) Project aimed to help beef producers to consistently produce beef to a range of
market specifications. This is being achieved by studying genetic aspects of the many traits associated
with beef production, using a range of sire breeds. The Project progressively evaluated carcass
development of the progeny using liveweight, ultrasound and biopsy sampling followed by slaughter
at weights required by Australia's major domestic and export markets. Previous publications have
dealt with the fertility (Deland et al. 2001), calving (Rutley et al. 1997), growth and carcass
composition (Ewers et al. 1999), fat quality (Pitchford et al. 2001) and flavour (Stephens et al. 1999)
aspects of the study. This paper concentrates on the meat tenderness and juiciness.
MATERIALS AND METHODS
Animals and management
In June 1993-6, sires from seven breeds (Angus, Belgian Blue, Poll and Horned Hereford, Jersey,
Limousin, South Devon and the Japanese Wagyu) were mated to mature Hereford cows. There were
generally three sires per year for Angus and Hereford and four sires per year for the remaining breeds.
The calves were born in March-April and weaned each year (1994-97) in December at approximately
250 days of age. Calves were born at two locations (Struan and Wandilo) in the south east of South
Australia. At weaning, all calves were transported to Struan Research Centre where they were
randomly allocated to three management groups. Thus, there were six combinations of pre and postweaning management although not all of these combinations were present for both cohorts reported
herein: the 1995-drop steers (173) and 1996-drop heifers (145) representing 50 sires.
Cattle were trucked for only two hours, arriving at the abattoir 20 hours prior to slaughter. They were
slaughtered at endpoints equivalent to Japanese feedlot steers and domestic feedlot heifers as defined
for the Cattle and Beef Quality CRC (Robinson et al. 2001). Steers were slaughtered at Murray
Bridge (Metro Meats, now T&R Pastoral) during May 1997 (approximately 750 days of age) after 180
days in a feedlot. Heifers were slaughtered at Gepps Cross (SAMCOR) during June 1997
(approximately 420 days days of age) after 90 days in a feedlot.
Measurements
Cattle were stunned with a captive bolt before carotid arteries were severed. Within five minutes, all
carcasses were electrically stimulated using extra low voltage (<45V). Carcasses were trimmed to
Australian minimum standards (AUSMEAT), then the hot standard carcass weight (HSCW) and fat
depth on the rump (P8 fat) were measured before entering the chiller (0-4°C). After being chilled
overnight to a deep butt temperature <20°C, the carcasses were split at various rib sites according to
market specifications. The cross-sectional area of the M. longisimus dorsi (eye muscle area or EMA,
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cm2) was measured and the carcasses were scored (not reported) for meat colour, fat colour and
marbling. Full striploin primals (M. longisimus dorsi) were then individually wrapped and transported
to the University where they were frozen (-18°C) and stored until being analysed (Stephens et al.
1999) for intramuscular fat content (IMF, %), pH, loss of moisture during cooking (%) and tenderness
or toughness (Warner-Bratzler peak shear force, WBSF kg). A summary of the data (mean, min, max,
CV) is presented in Table 1.
Statistical analysis
Since EMA was measured at a number of sites, adjustment equations developed by D.L. Rutley
(unpublished) were used to adjust all values to 10/11th rib site. This was done by assuming the 9/10th
rib is 91%, 11/12th is 104%, and 12/13th is 102% of the EMA at 10/11th rib. The distribution of all
traits was examined for deviations from normality. Two of the traits (pH and WBSF) comprised small
numbers of high values. However, for both traits, a log transformation had no effect on conclusions so
for simplicity only the original data is presented.
Differences between ages of animals were tested by forming four birth groups of animals; the first
25% of those born, second 25%, etc. A linear regression of day of birth within each of these groups
was tested but removed because it was not significant for any of the traits reported. Cohort by birth
group interactions were also tested but deleted because they were not significant.
Cohort effects were a function of sex confounded with year and target market and considered to be
largely a function of animal size and age rather than due to sex per se. As described above, there were
six pre- and post-weaning management groups. These management groups were nested within cohort
since the effects were not expected to be consistent across years. There were some missing subclasses
so there were nine (four for heifers and five for steers) rather than 12 combinations.
Sire breed and the breed by cohort interaction were included in the model. Sire was fitted as a random
effect and nested within the breed by cohort interaction. The sire variance was used as the error term
(38df) for testing the significance of cohort, sire breed and breed by cohort interaction effects. The
residual error term (255df) was used for the significance of birth and management group effects.
Significance is defined as P<0.05 based on type III SS using the Mixed procedure (SAS 1992).
RESULTS
Age effects (within cohort) were significant only for carcass weight and cooking loss (Table 1). For
cooking loss, the trend was that younger animals had more loss. The oldest calves (first 25% born)
lost 15±2% during cooking whereas the youngest group lost 21±2%. For carcass weight, the trend
was less clear with the four age groups weighing 253±13, 273±3, 265±4, and 256±12kg respectively.
Table 1. Summary of data, analyses of variance and tests of significance
HSCW
(kg)
276
149
427
24

P8 fat
(mm)
13
2
32
42

IMF
(%)
3.8
1.0
10.9
45

EMA
(cm2)
71
105
41
17

Mean
Minimum
Maximum
CV (%)
Mean Sq's.
Birth Group
3.0*
2.6
0.1
2.5
Cohort
362.2***
40.9***
1.3
18.9***
5.1***
5.0***
2.3*
1.7
LPa Group
Breed
10.8***
9.3***
16.8***
10.9***
Br'd. x C't.
0.3
1.4
0.4
2.8*
Variances
SireB
122
0.00
12.7
0.00
Residual
685
17.8
78.0
1.99
A
LP Group combination of birth location and postweaning management group.
B
Sire nested within breed of sire by cohort interaction.
*P<0.05 **P<0.01 ***P<0.001
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pH
5.6
5.4
6.4
3

Toughness
(kg F)
3.0
1.8
6.9
20

Cook Loss
(%)
16
9
27
23

0.5
0.9
0.5
0.5
0.3

0.7
5.0*
1.1
1.4
0.9

2.8*
0.1
1.1
4.2**
3.4**

.0002
.0344

.035
.328

0.00
12.3
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The cohort effect (combination of year and sex or market) was significant for most traits (Table 1).
Steers were 54% heavier, 63% fatter (P8), had 36% higher IMF, and were 6% more tender (lower
WBSF) than heifers (Table 2). Management group effects (within cohort) were significant for carcass
weight, P8 fat depth, and eye muscle area (Table 1). Generally calves born at Wandilo were heavier
and fatter than those at Struan. The post-weaning effects were variable but also important.
Table 2. Least squares means for Cohort and Sire Breed main effects
HSCW
(kg)
***
Cohort
1996 Heifers
206±6
1995 Steers
317±5
***
Sire breed
Angus
275±7
Belgian Blue
273±7
Hereford
254±8
Jersey
229±7
Limousin
272±7
South Devon
280±7
Wagyu
247±7
*P<0.05 **P<0.01 ***P<0.001

P8 fat
(mm)
***
8±1
13±1
***
14±1
8±1
11±1
11±1
10±1
10±1
13±1

IMF
(%)
***
3.3±0.3
4.5±0.3
***
4.5±0.3
2.9±0.3
4.0±0.3
4.7±0.3
2.9±0.3
3.9±0.3
4.3±0.3

EMA
(cm2)
69±2
72±2
***
69±2
80±2
66±2
59±2
78±2
76±2
66±2

pH

5.64±0.04
5.61±0.04

Toughness
(kg F)
*
3.2±0.1
3.0±0.1

5.64±0.05
5.60±0.05
5.63±0.05
5.59±0.05
5.63±0.04
5.64±0.05
5.64±0.04

3.2±0.2
3.2±0.2
3.2±0.2
2.9±0.2
3.1±0.1
3.1±0.2
3.0±0.1

Cook Loss
(%)
17.6±0.8
17.4±0.7
**
17.8±0.9
17.6±0.9
18.5±0.9
15.3±0.9
18.2±0.8
18.4±0.9
16.8±0.8

Sire breed effects were highly significant for all traits except tenderness and pH. Sire breed effects
were generally consistent for heifers and steers (Table 1). However, there was a significant interaction
for intramuscular fat content and cooking loss. Over all traits, the two most extreme breeds were the
Jersey and Belgian Blue. The Belgian Blue sired calves were 19% heavier, had 27% less
subcutaneous fat, 36% larger eye muscle area, 38% lower intramuscular fat, and lost 15% more
moisture during cooking than Jersey calves (Table 2). Although not significant, Jersey calves also had
the most tender (lowest shear force) meat.
DISCUSSION
The steers differed from heifers by having more greater marbling (4.5 versus 3.3%), as expected for
older (750 vs. 420 days) and fatter (13 vs. 8mm at P8 site) cattle (Trenkle et al. 1978). However, the
steers were less heavily muscled than the heifers as evidenced by the small difference in eye muscle
areas (4%, Table 2) despite much greater (54%) carcass weights. It is possible that this is a function of
the heifers being finished younger. The heifers only experienced a slowed growth rate (<0.5kg/d) for,
at most, 2 months (February-March 1997) whereas the steers gained negligible weight for at least 7
months (February-September 1996). From September until November, the growth of the steers on
pasture was rapid (common for spring in Mediterranean environments) before entering the feedlot
(eight months of rapid gain). However, lifetime growth rate was approximately 16% faster for the
heifers than steers. An alternative hypothesis could be that cross-sectional area of the M. longisimus
dorsi matures (reaches adult size) earlier than overall weight of the animal.
There was no difference between steers and heifers in pH or cooking loss, but beef from steers was
more tender than from heifers. This was unexpected because of the large age difference and the welldocumented effects of age on decreasing tenderness (Ferguson et al. 2001). However, the muscle
tested has very low levels of connective tissue, which is the primary cause of age-related toughness.
Of the 173 steers the maximum shear force was 4.1kg, and of the 145 heifers, two were between 5-6kg
and one was above 6kg. Thus, in the whole study, consumers would have considered only 1%
marginally tough (Perry et al. 2001). In addition, if pH values above 5.8 were considered undesirable,
then none of the steers had high pH but 14 of the 145 heifers did have high pH. It is likely that this
was due to either differences in pre-slaughter handling between the two abattoirs or cold shortening
occurring in some of the leaner heifer carcasses. Neither of these effects can be quantified as the trial
is now complete.
Despite large differences between breeds in size, fat and muscle, there were no breed differences in
tenderness. Generally, shear forces less than 5kg are associated with high levels of consumer
acceptability (Perry et al. 2001) and the breed averages were all well below that level (around 3kgF).
The phenotypic variation in tenderness (0.035+0.328=0.363kg2, Table 1) was much less than that
reported by Robinson et al. (0.54kg2, 2001) for temperate breeds and both studies had values lower
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than commonly experienced by industry (Ferguson et al. 2001). It is likely that this is due to cattle
being treated close to "best-practice" which included extra low voltage electrical stimulation.
The values for cooking loss were similar to the lowest values reported by the Cattle and Beef Quality
CRC (Perry et al. 2001). Differences between breeds were reasonably large and suggest that for
juiciness, the breeds tested ranked: Jersey, Wagyu, then Belgian Blue, Angus, Limousin, South Devon
and Hereford. Cooking loss could have been associated with intramuscular fat content since fat cells
have a lower moisture content than muscle cells. While Jersey and Wagyu were breeds with greater
intramuscular fat content (Table 2), this was unlikely to be the cause of the low cooking loss since
IMF was not a significant covariate. Furthermore, the Belgian Blue was also on the low side as found
by other studies (e.g. Burrow et al. 2001). Thus, it is likely that the breed differences in cooking loss
were a function of maintaining cell integrity during storage and cooking. Genetic effects on cell
integrity have not been reported but nutritional effects have. An example is Mistumoto et al. (1995)
who showed that cell integrity could be improved by vitamin E supplementation.
The management system utilised in this project is common to the high rainfall zones of southern
Australia and this project indicates that high quality meat can be produced from a wide range of breed
types. The study confirms the conclusion by Burrow et al. (2001) that within Bos taurus, there is
negligible genetic variation in tenderness especially with "best practice" operations.
ACKNOWLEDGEMENTS
The contribution from farm staff at Struan and abattoir staff at both locations especially Metro was
invaluable. In addition, we thank Austral Meats for access to their boning room, Heather Bray for
conducting some of the tenderness measurements, Andrew Ewers, David Rutley and many other
Adelaide University students for help with slaughters. AW&PR Davis (feedlot phase), SA Cattle
Compensation Fund (project establishment), Elders Ltd. and the Australia Research Council (meat
quality measurements) supplied funding.
REFERENCES
BURROW, H.M., MOORE, S.S., JOHNSTON, D.J., BARENDSE, W. and BINDON, B.M. (2001). Aust. J. Exp.
Agric. 41, 893-920.
DELAND, M.P.B., ROSS, R.A., ABRAHAM, E.A. and PITCHFORD, W.S. (2001) Proc. Ass. Adv. Anim.
Breed. Genet. 14, 333-6.
EWERS, A.L., DELAND, M.P.B., PITCHFORD, W.S., RUTLEY, D.L. and PONZONI, R.W. (1999). Proc.
Assoc. Adv. Anim. Breed. Genet. 13, 393-6.
FERGUSON, D.M., BRUCE, H.L., THOMPSON, J.M., EGAN, A.F., PERRY, D. AND SHORTHOSE, W.R.
(2001). Aust. J. Exp. Agric. 41, 879-92.
MITSUMOTO M. ARNOLD R.N. SCHAEFER D.M. and CASSENS RG. (1995). J. Anim. Sci. 73, 2289-94.
PERRY, D., THOMPSON, J.M., HWANG, I.H., BUTCHERS, I., and EGAN, A.F. (2001). Aust. J. Exp. Agric.
41, 981-9.
PITCHFORD, W.S., DELAND, M.P.B., SIEBERT, B.D. MALAU-ADULI, A.E.O. and BOTTEMA, C.D.K
(2001). Proc. Assoc. Adv. Anim. Breed. Genet. 14, 477-80.
ROBINSON, D.L., FERGUSON, D.M., ODDY, V.H., PERRY, D. AND THOMPSON, J.M. (2001). Aust. J.
Exp. Agric. 41, 997-1004.
RUTLEY, D.L. AND PITCHFORD, W.S. (1997). Proc. Ass. Adv. Anim. Breed. Genet. 12, 194-7.
SAS (1992) Technical report P-229. SAS/STAT Software: Changes and Enhancements.
STEPHENS, E.M., PITCHFORD, W.S. AND SIEBERT, B.D. (1999). Proc. Int. Cong. Meat Sc. Tech. 45, 4467.
TRENKLE, A., DEWITT, D.L., TOPEL, D.G. (1978). J. Anim. Sci. 46, 1597-1603.
Email:wayne.pitchford@adelaide.edu.au

180.

Anim. Prod. Aust. 2002 Vol. 24: 181-184

SKIN TEMPERATURE AND SWEATING RATE RESPONSES ON THE BLACK AND
WHITE SKIN AREAS OF FRIESIAN BULL CALVES
S. PRASANPANICH A, G.N. HINCH B, C.J. THWAITES B, N.D. BAILLE B and C. VAJRABUKKA A
A
B

Dept Animal Science, Faculty of Agriculture, Kasetsart University, Bangkok, 10900, Thailand
Dept Animal Science, The University of New England, Armidale, NSW 2351, Australia

SUMMARY
The study examined skin temperature (ST) and sweating rate (SR) responses on the black and white
skin areas associated with rectal temperature (RT) and respiratory rate (RR) of 2 Friesian bull calves,
aged 5 months and weighing 115 kg. The animals were assigned to 2 climatic environments; one
group was tested under indoor housing, the second one was under indoor-outdoor-indoor conditions.
In each test period half hourly physiological measurements were taken from 1100h to 1600h indoors,
whereas the second group was tested indoors from 1100h to1200h and then exposed to the sun without
any shade for an outdoor physiological responses from 1230h to 1430h, then moved indoors till
1600h. The calves in this experiment were subjected to either hot dry or hot humid environments and
were long-wooly coated animals with 60% of black skin. Mean RT and RR under outdoor conditions
were highly significant higher (P<0.01) than those under indoor housing (39.8 v. 39.1°C; 134.7 v. 74.2
breaths/min, respectively). Mean ST and SR under outdoor conditions on both black and white skin
areas were also highly significant greater than their indoor counterparts (36.7 v. 33.9°C; 77.6 v. 35.6
g/m2/h, respectively). Under both indoor and outdoor conditions, ST and SR on the black skin areas
appeared to be more sensitive to environmental changes than those in the white one. This study shows
that cutaneous evaporation is closely controlled by ST and that the proportion of black skin area has an
important role in both heat absorption and heat dissipation which affect thermoregulation and,
indirectly, production. Future studies should investigate differences in sweat gland density and the
innervation of the black skin areas.
Keywords: black and white skin areas, skin temperature, sweating rate, Holstein bull calves.
INTRODUCTION
Coat colour is an important mediator of the impact of solar radiation and high temperature on cattle
and also affects the ability of cattle to resist the effects of heat stress associated with high incident
solar radiation (Finch 1986). For a breed such as the Holstein, coat colour can be described as the
proportional surface area covered by hair of different colours (Becerril and Wilcox 1992). The
amounts of black and white hair in the coat influence the absorption of incident solar radiation through
the coat (Finch et al. 1980). Variations in the heat load from solar radiation with the different coat
colour contribute to the greater ST and RT and the higher rate of evaporative water loss from dark as
compared to light coloured cattle (Finch et al. 1984). The question remains, however, as to possible
heat regulatory differences between the black and white coat areas within individual Holstein animals.
The current study was designed to answer this question under a number of environmental conditions.
MATERIALS AND METHODS
Study site and climate
The animal house was available in the Department of Animal Science, School of Rural Science and
Natural Resources, the University of New England, Armidale, Australia (30° 31´ S Lat., 151° 39´ N
Long, altitude 1046 m). Hourly meteorological data of ambient temperature and wind velocity (by
COMPUFLON, Thermo-anemometer, Alnor Instrument Co., Skokie, IL.), black globe (BG; by
Vernon globe) and relative humidity (RH; by the conversion of dry and wet bulb temperatures
measured by a clockwork Assmann aspirating psychrometer) were daily recorded from 0900h till
1600h in either indoor or outdoor locations on each test day. Recordings were also made of maximum
and minimum temperatures at 0900 h in a Stephenson screen located outdoors near the animal house.
Experimental design and treatments
Four Friesian bull calves, aged 5 months and weighing an average of 115 kg with different black and
white skin areas, were allocated to one of two treatment groups. Each calf was held in an individual
pen (140 x 120 cm) in the animal house when not subjected to the test treatment, and fed 2 kg of
commercial concentrate containing 21% crude protein, along with an ad libitum supply of lucerne
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chaff and hay, plus fresh water. The animal house (barn) was an open-sided barn with galvanised
metal walls and roof. Group 1 (n=2), the control treatment, was housed indoors for the duration of the
study. Group 2 (n=2), the indoor-outdoor-indoor treatment, was maintained in the barn till 1200h, then
moved outdoors for 2 and a half hours and back indoors at 1430h for an overnight stay in the pen. The
outdoor treatment was in a yard adjacent to the barn where the animals were exposed to the sun
without any shade and but protected from prevailing winds. Animals were temporarily restrained in
individual crushes in either the indoor or outdoor locations while physiological measurements were
taken between 1100h and 1600h.
Animal measurements
Each treatment was carried out over 7 days in March, 2001. Half-hourly physiological measurements
were made between 1100 and 1600h; respiratory rate (RR; flank movements counted for 1 min), and
rectal temperature (RT; clinical thermometer inserted 10 cm for 1 min) in all animals. Simultaneously,
skin temperature on different coloured skin patches [ST; measured by an infra-red surface
thermometer (Everest Interscience Inc., Fullerton, California)] and sweating rate (SR; by the cobalt
chloride disc method of Schleger and Turner 1965) were done on a black skin area on the middle of
the back, and a white skin area on the sacral region of the back, which were chosen as convenient sites
of measurement not subject to interference when cattle were in the crush. Coat score of each animal
was assessed by the method of Turner and Schleger (1960). The proportion of black and white hair on
each calf was determined by the method of Becerril and Wilcox (1992). During test measurements, the
animals received neither food nor water. Differences between the physiological and climatic means
were evaluated using the t-test (Steel and Torrie 1980).
RESULTS
Meteorological data
Mean maximum (25.0±2.5 vs. 22.9±2.8ºC) and minimum (9.1±3.5 vs. 12.1±1.9ºC) temperatures for
Groups 1 and 2, respectively, were not significantly different. The hourly readings of ambient
temperature and wind velocity were not significantly different between group due to their high
variations during the test days, though higher values were found in Group 2 from 1200h to 1600h, as
shown in Table 1. The BG temperatures at 0900h (P<0.05) and from 1200h to 1400h (P<0.01) in
Group 2 were significantly greater than those in Group 1 (Table 1). The significantly higher readings
(P<0.05) of hourly RH, which were found in Group 1 relative to Group 2 from 1000h to 1600h, are
shown in Table 1.
Table 1. Ambient and black globe temperatures, wind velocity and relative humidity under indoor (G1)
and outdoor (G2) conditions
Time

Wind velocity (m/s)
RH (%)
Ambient temp. (°C)
BG temp. (°C)
G1
G2
G1
G2
G1
G2
G1
G2
0900h
18.2±1.8
16.9±1.7
26.3±4.9
30.2±7.5*
0.1±0.1
0.1±0.1
71.4±6.5
63.3±12.3
1000h
18.9±1.5
16.6±1.7
23.2±2.6
22.7±3.3
0.1±0.1
0.1±0.1
74.9±9.2
51.0±11.2*
1100h
20.2±2.7
21.1±2.4
23.4±3.1
23.0±2.6
0.2±0.1
0.1±0.1
69.1±11.5
51.0±16.1*
1200h
21.2±2.9
23.5±3.0
23.0±2.8
40.9±6.3**
0.1±0.1
0.3±0.1
69.6±13.2
50.7±17.5*
1300h
21.6±2.9
24.9±3.1
23.1±3.2
40.7±6.5**
0.1±0.1
0.2±0.1
64.3±16.9
44.7±15.2*
1400h
21.9±3.1
25.4±2.9
22.1±2.9
24.6±4.1**
0.2±0.1
0.4±0.3
67.0±17.1
43.3±12.3*
1500h
21.7±3.0
24.9±3.1
22.1±3.1
24.6±2.9
0.1±0.1
0.1±0.1
68.6±17.7
43.3±13.7*
1600h
21.7
24.9±3.2
21.8±2.7
24.1±2.8
0.1±0.1
0.1±0.1
65.6±16.6
40.3±13.1*
Means in row of each parameter and of a time period with different superscripts are significantly different *P<0.05;**P<0.01

Physiological responses
The calves in Group 2 responded to the solar exposure with a statistically higher RT (P<0.05) at 1230h
and highly significantly higher RTs (P<0.01) from 1300h to 1500h than those in Group 1, as shown in
Figure 1.1. The RTs in Group 2 after one hour under shade following outdoor exposure to the sun
were not significantly different to those in Group 1. The RRs in Groups 1 and 2 were markedly lower
in the indoor animals (Group 1); all differences over the test period being highly significant (P<0.01)
as indicated in Figure 1.2. Panting was frequently observed and was noted to occur during exposure to
the sun. Means of ST on either the black or white area were not significantly different under indoor
conditions from 1100h to 1200h and from 1500h to 1600h, as shown in Figure 1.3. When exposed to
the sun, from 1230h to 1430h, both black and white skin areas experienced highly significant greater
ST values (P<0.01) than under indoor housing.
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SRs on both the black and white skin areas were higher in Group 2 relative to those in Group 1, as
shown in Figure 1.4. However, some SRs on the black skin area of the animals in Group 2, both
indoors and outdoors, were statistically higher (P<0.05) than those in Group 1 (ie. 1130h, 1200h,
1330h, 1500h, 1530h, and 1600h) while all the recorded SRs on the white skin area of the calves in
Group 2 were statistically higher (P<0.05) than their counterparts in Group 1.
****
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**

**
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120
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Figure 1. Responses of RT (1.1), RR (1.2) of bull calves and their ST (1.3) and SR (1.4) on the black (B)
and white (W) skin areas under indoor (G1) and outdoor (G2) conditions. *P<0.05; **P<0.01 of each
parameter within a time period

DISCUSSION
Mean diurnal variation of ambient and BG temperatures and RH give an indication that Groups 1 and
2 were under hot-humid and hot-dry environments, respectively, and wind velocity in both groups was
under the level of air movement (of 1.39m/s; Gates 1968) which would be expected to reduce heat
stress through increased convective heat loss. However, the increasing air and BG temperature during
exposure to the sun in Group 2 from 1200h to 1430h would be expected to adversely affect
physiological responses in the calves, particularly the solar heat load and BG temperature (Bond and
Kelly 1955), and that was the response observed.
Mean coat score of the current calves was 5.5, a value which corresponds to winter coat type with
long-woolly hair (Turner and Schleger 1960). The mean white percentage of the calves was 39.5%,
indicating that greater heat absorption from the black skin area would occur during exposure to the sun
(Finch et al. 1984). However, differences in solar absorption between black and white skin areas
disappear when the animals are shaded from the sun (Finch et al. 1980). With a relatively high
proportion of black skin and a long-woolly hair, the calves would be associated with high body
temperature through increased heat absorption (Finch et al. 1984) and in addition the insulating
properties of the coat would tend to reduce the rate of heat loss (Turner 1964).
Under indoor housing from 1100h to 1200h, RTs in Groups 1 and 2 were within the normal range of
38.3 to 39.1ºC (Yousef 1985) while higher RRs in Group 2 were markedly influenced by a rising
ambient temperature at 1100h (Beakley and Findlay 1955). Furthermore, the BG temperature of
32.1ºC at 0900h would presumably have been reflected in solar heat radiation to the white skin area
(Hutchinson and Brown 1969). This amount of penetrating heat would be the sensible heat flow into
the animal and, together with a higher ambient temperature at 1100h, would be expected to impose
thermoregulatory demands on the animals (Hutchinson and Brown 1969) by means of greater RR and
SR. The increase in RR that occurs when cattle are subjected to environmental temperatures exceeding
20ºC has been observed and much higher RRSs are attained by calves during thermal polynea
(Beakley and Findlay 1955). Panting is complementary to sweating and is a mechanism that permits
the animal to increase evaporative heat loss from its respiratory system as soon as an increase in the
heat content of the body occurs (Blight 1957). Both RR and RT declined with a fall in ambient and BG
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temperatures due to the reduction of radiant heat load by 30% or more (Bond et al. 1967) when
animals were kept under shade.
When the calves were immediately exposed to the sun, ST on both coloured skin areas in Group 2
increased with the rising ambient and BG temperatures, indicating a marked effect of solar radiation
on heat absorption (Finch et al. 1980). Such a stimulus is known to be capable of initiating sweating in
cattle (Murray 1966) and the rate of which is controlled by thermoreceptors located in both the skin
and hypothalamus (Ingram et al. 1963). However, SR on the black skin areas (Figure 1.4) in Group 1
between 1200h to 1430h markedly increased, possibly due to a relatively high indoor RH of 65-70%
restricting evaporative cooling (Yousef 1985). However, lower ST on either the black or white skin
areas in Group 2 under indoor housing after exposure to the sun, was due to a larger amount of
moisture on the skin surface as a carry-over from sweating during prior exposure to the sun (Klemm
and Robinson 1955).
After completion of exposure to the sun, the calves in Group 2 experienced a decline in ST and SR on
the black and white skin areas under indoor conditions due to the decreasing ambient and BG
temperatures from 1500h to 1600h (Allen 1962). A lower ST on both black and white skin areas was
also partly due to a relative high rate of cutaneous evaporation (Klemm and Robinson 1955).
However, RT did not drop immediately, suggesting that cutaneous evaporation is more closely
controlled by ST than RT (Taneja 1959; Ingram et al. 1963). Since higher ST and SR on black skin
areas relative to the white skin were affected by the increasing ambient and BG temperatures (Allen
1962) under either Group 1 or Group 2 condition, there was unlikely to be any difference between coat
colours in the absorption rate of short wave radiation from the sun when the animals were kept indoors
(Finch et al. 1980). There might be a higher sweat gland density or a more sensitive autonomic nerve
supply on black skin areas that are particularly sensitive to a rise in ambient temperature. Detailed
histological and neurological studies are needed on this point.
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DECLINE IN NUTRITIVE VALUE OF CEREAL STUBBLES IN THE VICTORIAN
MALLEE
S.M. ROBERTSON
Agriculture Victoria - Walpeup, Victorian Institute for Dryland Agriculture, Walpeup, VIC 3507

SUMMARY
The quality and quantity of components in two ungrazed wheat stubbles were assessed at Walpeup for
six months post-harvest between December 1999 and May 2000. The quantity of stem and leaf
material in the stubble in paddock B and the stem material in paddock A declined by 2.6 kg
DM/ha/day (P<0.01). The quantity of leaf material in paddock A did not significantly change over
time (P>0.05). The ME, DMD and CP of leaf was higher (P<0.001) than that of stem, and the ME and
DMD of leaf declined at a faster (P<0.001) rate. The crude protein content did not significantly
change over time. Between January and May the quantity of green material was higher than 200 kg
DM/ha. It was concluded that without supplementation, both leaf and stem components of cereal
stubbles would be nutritionally inadequate to maintain adult sheep, and would generally contribute
little to sheep production in most years compared to the large quantities of green weed material
present.
Keywords: sheep, stubble, nutrition, cereal, residues
INTRODUCTION
Most sheep in the Victorian Mallee graze cereal stubbles during summer/autumn. Sheep grazing
stubbles preferentially select grain and green weeds, but when only small quantities of these
components are present, sheep are forced to consume dead material (Mulholland and Coombe 1979;
Mulholland et al. 1984). The nutritional value of cereal residues per se declines over time (Purser
1984) primarily as a result of rainfall leaching nutrients and promoting decomposition (Pearce et al.
1979; Pearce 1983). Data on the rate of decline in nutritive value of stubble, and the contribution of
green weed to the feed base, are required to make more informed feed budgeting decisions during
summer/autumn. Neither the nutritive value nor rate of decline in value of stubbles has been
examined in detail in the 350 mm rainfall Mallee environment. This study evaluated the potential
contribution of cereal stubble components over time to the feed base.
MATERIALS AND METHODS
Following harvest, a 50 x 50 m section of wheat stubble (cv. Ouyen) at Walpeup was fenced in each of
two paddocks (replicates A and B) to exclude sheep. At 4-5 weekly intervals from 20 December 1999
(day 0) to 29 May 2000 (days 0, 38, 71, 98, 134 and 161 of the experiment) 12 quadrats (0.5 x 0.5 m)
in both paddocks were cut to ground level. All plant material was collected, sorted into leaf, stem,
grain and trash, edible green (non-toxic plants which are readily consumed), and non-edible weeds.
Edible green material consisted primarily of perennial skeleton weed (Chondrilla juncea), annual
medics (Medicago spp.) and wheat (Triticum aestivum), and annual green weed included white
heliotrope (Heliotropium europaeum) and caltrop (Tribulis terrestris). The samples were dried to
constant weight at 60oC, weighed, and data converted to kg DM/ha. Samples were combined and
three samples of leaf and stem components from each paddock at each sampling time were analysed
by Feedtest for crude protein (calculated from % nitrogen) and dry matter digestibility (DMD) using
wet methods. Metabolisable energy (ME) was calculated. Meteorological data was recorded.
Regression techniques were used for data analysis. Statistical analyses were performed using Genstat
5 (Genstat 5 Committee 1993).
RESULTS
Walpeup received unusually high summer rainfall during the experiment (Table 1). The amount of
stem material decreased by 2.6 kg/ha/day (P<0.01) in both paddocks A and B (Figure 1). Leaf
material in Paddock B also declined by 2.6 kg/ha/day but leaf material in paddock A was not
significantly affected by time (Figure 1). Large standard errors were associated with mean quantities,
particularly of leaf in paddock A. Similar trends for decline were observed for the quantity of grain
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and trash in paddock B (P=0.054), but large errors precluded any relationship in paddock A (P>0.05)
(results are not presented).
Table 1. Total monthly rainfall (mm) and mean maximum monthly temperature (oC) recorded at
Walpeup between December 1999 and May 2000, and long-term median (1911-2000) rainfall
Rainfall
Long term median rainfall
Temperature

Dec
49
16
28.4

Jan
1
11
31.0

Feb
145
14
33.3

Mar
7
11
28.0

Apr
69
15
23.1

May
21
30
17.4

1500

1200

Quantity
(kg DM/ha)

stem A
900

leaf A
stem B

600
leaf B
300

0
20-Dec

27-Jan

29-Feb

27-M ar

2-M ay

29-M ay

Date

Figure 1. Mean quantity (kg DM/ha ± s.e.) of leaf and stem material in paddocks A and B over time

Regression equations, where y is the quantity of leaf or stem (kg DM/ha), x is number of days since 20
December and r2 is the coefficient of determination were:
Stem paddock A: y = 1331 - 2.6x, r2 = 0.16, P<0.01
Stem paddock B: y = 1094 - 2.6x, r2 = 0.27, P<0.001
Leaf paddock A:
y = 702 + 0.9x, r2 = 0.10, P>0.05
Leaf paddock B:
y = 869 - 2.5x, r2 = 0.32, P<0.001
The interaction between date and the total quantity of green material in each paddock was significant
(Table 2; P<0.001) with more green material in paddock B in comparison with paddock A in
January/February, but less thereafter. The interaction can be attributed to the death of the heliotrope
fraction during April. Heliotrope was a minor component of the green material in paddock A but a
major component in paddock B. Heavy rains during February promoted total and edible green matter
growth (Table 1).
Table 2. The mean quantity (kg DM/ha) of total green (edible green in brackets) in paddocks A and B
over time
Day of sampling
20 December
27 January
29 February
27 March
2 May
29 May
cv (%) of individual means

219
448
1654
1498
2725
99
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Total green in paddock
A
B
0 (0)
(207)
307 (11)
(218)
456 (0)
(1348)
1177 (15)
(1498)
390 (143)
(1721)
683 (514)
(97)
45 (124)
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Leaf contained higher (P<0.001) levels of ME (5.8 vs 4.9 MJ ME/kg DM) and DMD (42.8 vs 37.1%)
than stem. The ME and DMD of both leaf and stem components of stubbles were similar (P>0.05) in
paddocks A and B, and declined over time (P<0.001) (Table 3). Leaf material declined at a faster rate
than stem (P<0.001). The following equations were used to explain the variation in the DMD of
material (y) over time:
DMD% of leaf
y = 51 - 0.1x (r2 = 0.79, P<0.001)
DMD% of stem
y = 43 - 0.1x (r2 = 0.86, P<0.001)
where x is the number of days since 20 December and r2 is the coefficient of determination.
Table 3. Mean digestibility of the dry matter (DMD %) of leaf and stem components over time
Day of sampling

DMD%

20 December
27 January
29 February
27 March
2 May
29 May
Mean
l.s.d. (P=0.05) leaf vs stem

Leaf
49.7
50.5
43.7
41.1
37.6
37.7
42.8

Stem
41.8
41.4
38.0
36.0
34.3
33.6
37.1
0.83

The crude protein (Table 4) content of the leaf and stem components increased slightly, but not
significantly (P>0.05), over time. Paddock B had a higher (P<0.001) protein content than paddock A
for both leaf and stem components, and overall leaf had a higher (P<0.001) protein content (5.48%)
than stem (2.61%).
Table 4. Mean crude protein (%) of leaf and stem components in paddocks A and B over time
Day of sampling
20 December
27 January
29 February
27 March
2 May
29 May
Mean
s.e. (mean)

Leaf
A
4.0
3.8
5.2
4.8
5.6
4.7
0.22

Stem
B
6.0
6.1
5.7
5.8
6.8
6.4
6.1
0.19

A
2.1
1.9
2.3
2.5
2.9
2.3
0.10

B
3.1
3.7
3.3
3.1
3.6
3.2
3.3
0.11

DISCUSSION
It was concluded that without supplementation, both leaf and stem components of cereal stubbles
would be nutritionally inadequate to maintain adult sheep, and would generally contribute little to
sheep production in most years compared to the large quantities of green weed material present.
As stubbles are the main source of feed for sheep between crop harvest and autumn germination of
pastures, the quality of crop residues is of considerable importance. The decline in digestibility of
0.42 to 0.63% per week was approximately half the rate of decline reported by Purser (1984), but
greater than that shown by Mulholland and Coombe (1979) and Rowe et al. (1989) for grazed
stubbles. Differences would be associated with environmental conditions (Pearce et al. 1979; Purser
1984; Wales et al. 1990) as well as wheat varieties (Pearce 1983). The rate of decline over the period
measured was probably higher than usual for this environment due to higher than normal
summer/autumn rainfall.
The digestibility and crude protein of the leaf and stem components were within the range reported
previously (Pearce 1983; Purser 1984; Wales et al. 1990). However, the stable content of protein over
time, when other quality components declined, is not consistent with earlier reports (Mulholland and
Coombe 1979; Rowe et al. 1989; Outmani et al. 1991). It is possible that the concentration of water
soluble carbohydrates declined over time, possibly through leaching due to heavy rainfall (Barrett et
al. 1973; Pearce et al. 1979; Purser 1984). The loss of water soluble carbohydrates is associated with
a decline in digestibility of the dry matter (Gatford et al. 1999), although rainfall does not appear to
consistently reduce the digestibility of cereals (Allden and Geytenbeek 1980) or grasses (Gatford et al.
1999). Nitrogen is more resistant to leaching than water soluble carbohydrates (Barrett et al. 1973), so
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the concentration of nitrogen in dry matter may increase or remain stable over time, as observed in our
results, and as reported by Armstrong et al. (1992) and Gatford et al. (1999) for grass pastures.
The quantity of cereal leaf and stem declined more slowly than recorded for grazed stubbles after
sheep intake has been accounted for (Mulholland et al. 1976), probably due to the absence of
associated trampling. The large variability between samples suggests that inadequate samples were
taken to accurately assess the quantity of stubble components present, or alternatively, that stubbles
are inherently variable.
The quantity of green material present was unusually high for the Mallee environment as a result of
the high summer rainfall. Between January and May green material was present in quantities
sufficient that sheep would be unlikely to consume dead material (Mulholland et al. 1976), and was in
quantities sufficient to maintain the weight of non-pregnant adult sheep. In the absence of green
material, sheep would lose liveweight on the cereal residues, even if only leaf material was selected.
Sheep are unable to consume sufficient material to maintain liveweight when digestibility of the diet is
below about 60% (Arnold et al. 1964; Birrell 1981). It is significant that heliotrope was the major
component of the green material in one of the paddocks. Heliotrope is widespread in the Mallee and
resultant copper poisoning can be a significant cause of sheep mortality in the region (Harris and
Nowarra 1995). This indicates that heliotrope is present in summer and autumn in sufficient quantities
to comprise a significant portion of the diet in many years. While the presence of heliotrope may
improve the short-term nutrition of sheep over summer and autumn, repeated exposure increases the
risk of death (Peterson et al. 1992). The regional occurrence and dominance of heliotrope are of
concern regarding the use of stubbles for grazing sheep.
In conclusion, this study shows the quality and rate of decline of the wheat stubbles measured at
Walpeup is within the range reported for other regions. The composition and quality of summer green
material has not previously been well reported for this region.
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SUMMARY
The effects of condensed tannins (CT) in fresh Sulla (Hedysarum coronarium) on the net flux of
skatole and indole from the gastrointestinal tract to the mammary gland were investigated in ewes
during mid to late lactation. Twelve ewes were prepared with catheters in the mesenteric artery and
the mesenteric, portal, hepatic and mammary veins. A transonic flow probe was fitted around the
pudic artery for measuring mammary blood flow. All ewes were fed Sulla (2000 g DM d-1; 80 g CT
d-1) for 28 days. Half the ewes were orally drenched (4 times per d) with polyethylene glycol (PEG;
160 g d-1 in water) to remove the effects of CT whilst the remaining ewes received water. Milk yield
was measured twice daily for three weeks. Milk samples were taken at the morning and evening
milkings and pooled for measuring skatole and indole concentration. Overall, the CT in Sulla did not
affect (P>0.05) milk yield and milk fat yield. Milk indole and skatole concentration and yield tended
to be lower (P<0.1) with the CT treatment at day 14 but overall, only skatole parameters were reduced
by the CT. On day 28, blood flow was measured and blood samples were taken to determine
concentration of indole and skatole in plasma so their net plasma flux could be calculated. The plasma
flow across the mammary gland was unaffected (P>0.05) by CT. The CT in Sulla decreased the
concentration of indole (P<0.05) and skatole (P<0.1) in the mesenteric artery and mammary vein, but
did not affect (P>0.05) the net flux of indole and skatole across the mammary gland. Results from this
study indicate that CT in a Sulla diet reduces the concentration of skatole in plasma and milk, and that
circulating skatole exchange into milk, but that it does not appear to be an active process.
Keywords: skatole, indole, condensed tannins, plasma net flux, milk
INTRODUCTION
The indole compounds, 3-methyl-indole (skatole) and indole are amines that give a faecal taint to milk
and dairy products and are perceived in Asian and European markets as negative flavours (Keen
1998). Studies in Australia indicated that these compounds are not present in any significant quantity
in forages (Conochie 1953). The amines found in milk are most likely the result of rumen metabolism
of the amino acid tryptophan and waste detoxification and excretion (Keen 1998). There is a scarcity
of information in the literature on how these amines produced in the rumen, are metabolized by the
gastrointestinal tract and the liver of lactating animals before being secreted in milk.
Preliminary research has shown that feeding legumes that contain condensed tannins (CT) reduces the
concentration of indole and skatole in milk (Lane et al., unpublished results). The mechanism behind
this action is not completely understood but previous studies have shown that CT decreases the
degradation of protein in the rumen (McNabb et al., 1996). We hypothesized that the reduced
concentration of skatole and indole in milk is a consequence of the reduction in rumen protein
degradation that occurs when CT-containing forages are fed to ruminants. Our objective was to
investigate the effect of CT on the flux of skatole and indole across the small intestine, portal-drained
viscera, the liver and the mammary gland of lactating ewes and on their secretion in milk. The data
reported in this paper focus on the mammary gland and milk only.
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MATERIALS AND METHODS
Experimental animals
The Animal Ethics Committee of AgResearch Limited approved the experimental protocol. Four days
after lambing, 12 Romney ewes were transferred to metabolism crates, held indoors and fed twice
daily with lucerne pellets (600 g d-1) and chaff (400 g d-1) for the week before surgery. Water was
available ad libitum. The ewes were milked twice daily using a portable milking machine with milk
letdown assisted with an intravenous injection of oxytocin (1 iu).
Surgical preparations
Surgery occurred about 8 d after lambing. Twelve ewes were prepared with a permanent cannula in
the abomasum under isofluorane anesthesia. During surgery, permanent indwelling catheters were
placed in the mesenteric (2 sites), portal and hepatic veins, and in the mesenteric artery (Huntington et
al. 1989). A transonic flow probe was fitted around the pudic artery. Three days prior to the start of
the sampling period, a temporary catheter was inserted into the mammary vein for blood sampling.
Treatments
After recovering from surgery, all ewes were offered fresh Sulla (2000 g DM d-1; 80 g CT d-1) for 28
days. Half the ewes were orally drenched (4 times per d) with polyethylene glycol (PEG; 160 g d-1 in
water) to remove the effects of the CT (CT inactive; PEG group) whilst the remaining ewes received a
drench of water (CT active; Control group). The treatments were applied according to a completely
randomized block design. Each block included two ewes from each treatment.
Skatole and indole concentrations in milk
Milk yield was measured twice daily. Whole milk (50 ml) from each milking was collected on two
consecutive days, kept at 4ºC and pooled for each ewe, for the analysis of skatole and indole
concentration on days 7, 14 and 21. The pooled samples were frozen at –20ºC until analysis. Indole
and skatole concentration was measured in milk using an adaptation of the method of Denhard et al.
(1993). Milk fat was separated from whole milk (100 ml) by centrifugation at 10,800 g in a
refrigerated centrifuge for 30 minutes. A sub-sample of the milk fat was melted in a water bath (55°C)
and a 100 µl aliquot was dissolved in 1 ml of hexane. Internal standard was added (2-methylindole),
and the solution was partitioned with acetonitrile/water (75:25 v/v). An aliquot (50 µl) of the aqueous
fraction was analyzed by high performance liquid chromatography (HPLC) with fluorescence
detection.
Net indole and skatole fluxes
On day 28, blood was continuously sampled for three consecutive 2-hour periods from the mesenteric
artery and the mammary vein. These blood samples were centrifuged at 4000 g for 15 minutes (4ºC)
and the plasma was removed and stored at –20ºC until analyzed for skatole and indole. Mammary
blood flow was continuously measured during the blood sampling using the transonic flow probe. The
plasma skatole and indole concentrations were measured in the sample taken during the last 2-h
sample by the method of Claus et al. (1993), utilizing ether extraction, and HPLC with fluorescence
detection. Net plasma flux of indole and skatole across the mammary gland was calculated as plasma
flow (ml/min) x (Arterial concentration-Venous concentration; ng/ml). A positive flux indicated a
removal, whilst a negative flux indicated a release by the mammary gland.
Statistical analysis
Data were subjected to the GLM procedure of SAS (SAS Institute, Inc. 1996) according to a
completely randomized block design. Paired t-tests were used to verify whether the arterio-venous
concentration differences for skatole and indole were different from zero. Least squares means ±
overall standard deviations are presented in the tables. Significant statistical differences between
treatments were declared at a probability less than 0.05.
RESULTS
The CT contained in Sulla did not affect (P>0.05) milk yield (Table 1) and milk fat yield (data not
shown) over the three weeks of feeding. Milk concentration and yield of indole and skatole were
similar (P>0.05) between treatment groups on day 7 although a trend (P<0.1) for CT to decrease
skatole concentration and yield in milk was observed (Table 1). At day 14, the indole and skatole
parameters were lower (P<0.05) in CT ewes than in the ewes receiving PEG (Table 1). This decrease
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did not however persist to day 21. No effect (P>0.05) of CT on milk indole concentration was
observed for the overall period of Sulla feeding (Table 1). But in contrast, milk skatole level and yield
were lower in CT ewes (P<0.1) for the overall period (Table 1).
Table 1. Effect of condensed tannins on milk yield and milk skatole and indole concentration and yield in
mid- to late-lactating ewes fed fresh Sulla.
Milk Parameters
PEG (n = 6)
Milk Yield (g/d)
D0
D7
D14
D21
Overall

Treatments
Control (n = 5)

1106
1152
1005
889
1016

1200
1230
1010
972
1071

Standard Deviation

219.8
189.5
222.5
189.6
179.8

Probability

0.50
0.53
0.97
0.50
0.63

Indole (ng/g)
D7
D14
D21
Overall

38.5
36.1
27.3
34.0

46.5
21.2
30.1
32.6

11.19
4.06
7.64
4.39

0.28
0.0006
0.58
0.62

Skatole (ng/g)
D7
D14
D21
Overall

111.9
134.4
149.5
131.9

45.7
75.3
133.3
84.7

45.69
29.87
44.07
38.04

0.06
0.01
0.57
0.08

Indole Yield (µg/d)
D7
D14
D21
Overall

47.2
37.1
24.4
36.2

64.8
21.0
29.8
38.6

18.80
9.91
9.84
9.46

0.17
0.03
0.40
0.70

Skatole Yield (µg/d)
D7
D14
D21
Overall

140.0
130.9
132.5
134.4

53.9
71.9
126.3
84.1

66.18
30.15
38.91
42.08

0.07
0.02
0.80
0.09

Blood and plasma flows were not affected (P>0.05) by the treatments (Table 2). Arterial and venous
concentrations of indole and skatole were lower (P<0.05) in ewes fed Sulla compared to the ewes
drenched with PEG (Table 2). The arterial inflow of indole (PEG: 726.6 vs. CT: 279.7 SD (253.08)
µg min-1; P=0.05) and skatole (PEG: 1732.8 vs. CT: 747.6 SD (774.01); P=0.12) was lower in the
control ewes. Results from the paired t-tests for the arterio-venous concentration differences indicate
that they were not different (P>0.05) from zero (data not shown). Therefore, the effect of CT in Sulla
on the net flux of indole and skatole should be interpreted with care. The data show a net removal of
indole by the mammary gland and a net release of skatole, but these trends remain to be confirmed as
the difference in arterio-venous concentrations were not significant.
Table 2. Effect of condensed tannins on plasma flow, arterio-venous concentration difference and net flux
of skatole and indole across the mammary gland in mid to late lactating ewes fed fresh Sulla.
Mammary Gland
Measurement
Blood Flow (mL/min)
Plasma Flow (mL/min)
Plasma Indole (ng/mL)
Mesenteric Artery
Mammary Vein
Plasma Skatole (ng/mL)
Mesenteric Artery
Mammary Vein
Net Plasma Flux ( g/min)
Indole
Skatole

PEG (n = 4)
342.9
265.5

Treatments
Control (n= 4)
400.1
316.2

Standard Deviation
131.41
105.11

Probability
0.53
0.49

2.8
2.7

0.8
0.7

0.69
0.49

0.02
0.005

6.5
6.5

2.2
2.2

2.86
2.57

0.08
0.06

22.5
-14.4

29.1
-8.3

59.84
149.48

0.89
0.95
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DISCUSSION
This study reports for the first time that CT in Sulla reduced the secretion of indole and skatole in
milk. This reduction could have been achieved by CT reducing the supply of these two amines to the
mammary gland and/or by an indirect effect of CT on fat secretion, as these amines are far more
soluble in fat than in blood (Conochie 1953). The latter explanation can be discarded because there
was no effect of CT on milk fat secretion, and the effects of CT on concentrations in milk reflected
effects on concentrations in circulating plasma. More likely, the effect of CT was due to a reduction in
the degradation of dietary protein in the rumen and therefore, a reduction in the supply of indole and
skatole to the blood circulation.
This study also provides new evidence of the net fluxes of indole and skatole across the mammary
gland. The arterio-venous concentration differences of indole and skatole across the mammary gland
were not significantly different from zero indicating that the balance of the processes (production,
catabolism, storage, secretion) dealing with indole and skatole in the mammary gland results in a
outflow of these compounds in the vein draining the mammary gland similar to their inflow to this
tissue. This suggests that the transfer of indole and skatole into milk from the plasma is essentially
passive. Blood constituents such as albumin and other smaller molecules often appear in milk without
the need for active transport mechanisms (Larson 1985). This phenomenon is called transport through
“leaky tight junctions” and the significance of this process to milk composition increases as lactation
progresses (Larson 1985). It is most likely that indole and skatole “leak” into milk directly from the
blood. However, these net flux results do not exclude a role of the mammary gland in the production
or metabolism of these compounds, nor allow us to distinguish between the processes that might occur
in the mammary gland.
The effect of CT on reducing indole and skatole secretion in milk did not persist beyond 14 days of
feeding Sulla. This suggests that either the rumen adapted to the presence of the CT in the diet or the
liver became less effective at removing the indole and skatole as lactation progressed. The present
results disagree with those of Conochie (1953) who showed that high levels of indole in blood are
correlated with high levels in milk. Indeed, the decrease in milk indole and skatole concentration and
yield did not persist to day 21, but the plasma concentrations of indole and skatole were reduced in the
CT ewes at day 28. Assuming a similar concentration and yield of indole and skatole in milk between
treatments on day 21 and day 28 (not measured), the lower arterial inflow observed with the CT
treatment at day 28 might not have been as marked as that occurring at day 14 (not measured) and
could therefore, have prevented an effect on milk concentration and yield at days 21 and 28.
Alternatively, it is possible that other tissues such as the small intestine or liver were involved in the
metabolism of indole and skatole. The flux of skatole and indole across the small intestine and
portal-drained viscera and liver also measured in this experiment will provide more information on the
movements of these amines from the rumen to the mammary gland. The integration of the data from
the small intestine, portal-drained viscera and liver with the mammary and milk data reported here will
allow us to determine which tissue(s) are likely to be the major site(s) of metabolism of indole and
skatole in the lactating ruminant.
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HORMONAL AND WOOL FIBRE RESPONSES TO MAINTENANCE OR SUBMAINTENANCE FEEDING IN MERINO SHEEP WITH DIFFERENT STAPLE STRENGTH
A. C. SCHLINK, J. M. LEA, J. R. BRIEGEL, AND N. R. ADAMS
CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913

SUMMARY
This study examined whether sheep that produce sound wool have an ability to partition more
nutrients to wool, during periods of under-nutrition. Groups of 12 low and 12 high staple strength
sheep (SS) were fed to maintain or to lose 8% of liveweight over a 67-day period, fasted for 3-days
and then re-fed above maintenance for 70 days. The SS groups had similar clean fleece weights, mean
fibre diameters, SS, and staple lengths. Sub-maintenance feeding reduced fibre diameter at the point of
break by 1.2 µm and SS by 16.1 N/ktex, compared to maintenance fed sheep. Over both feeding
periods, cortisol and thyroxine concentrations were higher in the high SS group, while insulin
concentration tended to be lower. It is concluded that SS groups differed in a number of metabolic
hormones.
Keywords: staple strength; short term fast; wool growth; fibre diameter; metabolic hormones
INTRODUCTION
Much of southern Australia has a Mediterranean climate with mild wet winters and dry hot summers.
Annual pastures are a feature of this environment and are characterised by large seasonal fluctuations
in feed quantity and quality leading to large seasonal amplitudes in liveweight, wool growth and
reduced staple strength (SS) (Schlink et al. 1999). SS strength is the second most important
determinant of the value of raw wool, after fibre diameter.
In this study, we used wethers selected for divergence in SS (Howe et al. 1991) to investigate the
relationship between nutritional stress, wool growth and SS. The wethers were fed at or below
maintenance, to examine responses to their nutritional environment. They were then subjected to a
short term fast, and after the fast, fed above maintenance for the remainder of the experiment. The
present study also examined hormonal differences between sheep to see whether sheep with a
tendency to produce wools with a higher SS have changes in partitioning nutrients to wool, or in their
metabolic hormones.
MATERIALS AND METHODS
Twenty-four wethers (12 low and 12 high SS), initial liveweight of 62.7 kg, were selected from flocks
used to establish the genetic parameters of wool SS (Howe et al. 1991). The low and high SS groups
averaged 18.4 and 34.0 N/ktex, respectively, based on two previous annual shearings at the Great
Southern Agricultural Research Institute, Katanning, Western Australia. The sheep were grazed at
Bakers Hill (Latitude 31o46’, Longitude 116o27’) for 9 months then transferred to the animal house in
Perth.
During days 0 to 67, each staple strength group was divided into two sub-groups (n=6) fed either to
liveweight maintenance or 8% loss of starting liveweight over that period. All sheep were fed a diet of
78% oaten hay, 20% oaten grain and 2% mineral mix (Siromin) (diets were estimated to contain 9.5
MJ ME/kg DM and 9.5% crude protein), to achieve the desired liveweight changes. All sheep were
weighed at weekly intervals before feeding, and feeding rates adjusted to achieve the specified
liveweight outcomes. At completion of the 3-day fast on days 68 to 70, all sheep were fed 1430 g
DM/day for 11 weeks and then released to the field for four months. Mid-side wool samples were
collected at shearing.
Wool was clipped from mid-side patches of approximately 100 cm2 at 14-day intervals from day 7 of
the experiment. Dye-bands were placed on the wool at 35-day intervals from day 7. Mid-side, patch
and dye-banded wool samples were processed as described by Schlink et al. (1998).
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Indwelling jugular catheters were inserted 24 h before the initiation of blood sampling. Blood was
collected every 20 min for 10 h on day 64 (3 days before fasting) and again 13 days after re-feeding
(day 83). During the fast, blood samples were collected every hour for 10 h starting at 0800 h. Blood
was collected into heparinised tubes, centrifuged and plasma stored at -20oC until assayed. Plasma
cortisol concentrations were measured using the radio-immunoassay (Atkinson and Adams 1988).
Plasma insulin, insulin-like growth factor 1 (IGF1), and growth hormone were measured by radioimmunoassay (Adams et al. 1996). Plasma concentrations of total thyroxine and tri-iodothyronine
were measured using kits (Gammacoat, Baxter Healthcare Corp., Cambridge MA, USA).
Statistical analyses were carried out by univariate or repeated measures analysis of variance as
appropriate. The pre-fast (day 64) and post-fast (day 83) plasma samples were compared by repeated
measures analysis of variance.
RESULTS
Dietary regimes reduced SS (36.2 and 20.2 N/ktex, maintenance and sub-maintenance fed groups
respectively, P=0.005), while the between SS groups approached statistical significance (23.8 and 32.5
N/ktex, low and high SS groups respectively, P=0.096). Sub-maintenance feeding for 67 days
significantly reduced staple length without significantly affecting other fleece parameters. SS group
had no significant effects on fibre diameter at the point of break or incidence of shed fibres at the point
of break. Sub-maintenance feeding reduced fibre diameter at the point of break to 15.3 and 14.2 µm
for maintenance and sub-maintenance fed groups, respectively (P<0.05), but did not significantly
effect the rate of fibre shedding (3.1 and 3.3 % shed fibres for maintenance and sub-maintenance fed
groups, respectively P>0.05).
The SS groups had similar clean fleece weights, mean fibre diameters and staple lengths. SS group had
no significant effect on patch wool growth or patch fibre diameter (Figure 1). Sub-maintenance
feeding significantly reduced wool growth and fibre diameter on patch wool harvest days 63 and 77
compared with maintenance fed sheep (P<0.05). However, there were no significant differences
between dietary regimes in wool growth or fibre diameter at the completion of 70 days of re-feeding.
Mid-side patch fibre diameter (um)

22
3 Day fast

20

18

16

3

7

11

15
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Weeks

Figure 1. Mid-side patch fibre diameter in low and high staple strength sheep on maintenance (M) or submaintenance (SM) diets until day 67, all sheep were placed on 3-day fast until day 70, and re-fed for 11
■ low SS, M; ● low SS, SM; ▲ high SS, M; ▼ high SS, SM)
weeks (■

Feeding level before or after the fast did not affect concentrations of cortisol in plasma (Tables 1 and
2), but concentrations increased substantially during the fast (P<0.01). Overall plasma cortisol was
greater in the high SS group (Table 2). There was no interaction between SS group and feeding
treatment.
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Sheep fed at maintenance had higher concentrations of both thyroxine and tri-iodothyronine than
wethers fed sub-maintenance rations (Table 1). After re-feeding, plasma thyroxine did not change,
while mean plasma concentrations of tri-iodothyronine decreased (Table 2). Overall plasma
concentrations of thyroxine were higher in the high SS group (Table 2), but plasma concentrations of
tri-iodothyronine were similar. There was a significant interaction between diet and SS group in
plasma thyroxine concentration but not for plasma tri-iodothyronine concentrations.
Table 1. Plasma concentrations of hormones in low and high staple strength sheep on maintenance (M) or
sub-maintenance (SM) diets before the period of fasting (day 64)

Cortisol (nmol/l)
Thyroxine (nmol/l)
Tri-iodothyronine (nmol/l)
Insulin (ng/ml)
GrowthHormone (ng/ml)
IGF1 (ng/ml)

M
9.7
61
11.4
0.77
7.2
239

Low SS
Diet
SM
7.4
64
10.9
0.63
9.8
291

High SS
Diet
M
SM
13.5
8.8
84
62
13.4
10.8
0.66
0.50
8.3
10.6
236
211

s.e.m.

Diet

1.9
4
0.7
0.7
1.8
24

0.11
0.04
0.04
0.04
0.24
0.56

P values
SS
Diet x
SS
0.21 0.53
0.07 0.02
0.19 0.14
0.11 0.90
0.64 0.91
0.10 0.12

Plasma concentrations of growth hormone were not significantly different between maintenance and
sub-maintenance groups on day 64 (Table 1), but declined substantially after re-feeding on day 83
(Table 2). There was no difference between the SS groups in plasma concentrations of growth
hormone at any level of feeding or sampling time.
Table 2. Main effects of feed intake and staple strength group on plasma concentrations of hormones in
sheep fed at or below maintenance (day 64) and 9 days after re-feeding above maintenance (day 83).
Cortisol (nmol/l)
Thyroxine (nmol/l)
Tri-iodothyronine (nmol/l)
Insulin (ng/ml)
Growth hormone (ng/ml)
IGF-1 (ng/ml)

Feeding level
Day 64
Day 83
9.9
7.7
68
69
11.7
9.8
0.64
0.61
9.0
5.1
244
265

Staple strength
Low
High
6.9
10.5
63
74
10.3
11.2
0.70
0.55
6.6
7.5
270
239

s.e.m
1.4
3
0.6
0.04
1.0
21

Feed
0.30
0.67
0.02
0.42
0.01
0.18

P values
SS
0.04
0.03
0.14
0.07
0.52
0.18

Plasma concentrations of insulin were lower (P < 0.05) in animals fed below maintenance than in
those fed at maintenance (Table 1), but were not increased significantly by re-feeding (Table 2). High
SS sheep tended to have lower plasma insulin concentrations (Table 2). No significant effects of diet
or SS group were observed on plasma concentrations of IGF1 (Tables 1 and 2).
DISCUSSION
Reductions in fibre diameter and SS associated with sub-maintenance feeding compared with
maintenance feeding are in agreement with those observed by Thompson and Hynd (1998) in weaner
sheep. However, the 1.1 µm difference in fibre diameter with sub-maintenance feeding compared to
maintenance feeding at the point of break is smaller than the approximately 3 µm predicted from the
SS results for weaner sheep. The results clearly show opportunities to improve SS by maintaining
liveweight to retain/increase SS, supporting the role of supplementary feeding for the maintenance of
SS during seasonal decline (Gherardi et al. 1996). The SS outcomes in this study were more closely
associated with feeding level than with previous SS outcomes for these sheep. The SS difference
between SS groups was 8.7 N/ktex compared to the 16.1 N/ktex achieved with nutritional
manipulation.
Thwaites (1972) increased the incidence of shed fibres by administering cortisol to sheep fed below
maintenance. However, the increase in plasma cortisol during fasting in the present study produced
only low levels of shed fibres at the point of break. The concentrations of cortisol we observed were
similar to those induced by injection with 120 mg / day of cortisol acetate for 3-days (Schlink et al.
2002). In that study, treatment with cortisol for 3 days also produced non-significant changes in shed
fibres, with no significant decrease in SS. We conclude that the 3-day fast does not significantly affect
fibre diameter, shed fibre numbers or SS.
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This study shows that sheep with different SS may differ in their metabolism. The high SS group had
greater plasma concentrations of thyroxine and cortisol, and tended to have lower concentrations of
insulin than the low SS group. The variety of hormonal differences between SS groups indicates that
the difference was not determined by any particular hormone, but that the groups differed in their
nutrient metabolism, and that this resulted in differences in many of the hormones measured. Adams et
al. (2000) suggested that metabolic hormone differences between mature sheep that differed in SS was
likely to be due to differences in body composition that developed as the sheep aged. Young sheep
with divergent SS and no differences in body composition did not have significant differences in
circulation metabolic hormone concentrations.
In conclusion, we found that a 3-day fast did not affect wool fibre diameter or fibre shedding, and is
therefore expected to have little effect on SS in maintenance or sub-maintenance fed sheep. Thus
routine movement of sheep for livestock management purposes should not have a significant impact
on SS. SS background of the sheep did not affect SS response to a short-term fast or to changes in
their nutritional status. A similar situation applied to the hormonal responses of the SS groups to the
short-term fast. However, there appeared to be a metabolic difference between the low and high SS
groups, resulting in differences between the two SS groups in the plasma concentration of a number of
metabolic hormones. The hormonal data suggest that the SS strength sheep may be more metabolically
active.
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INTEGRATED MANAGEMENT SYSTEMS FOR PIGS - INCREASING PRODUCTION
EFFICIENCY AND WELFARE
C. P. SCHOFIELD, C. M. WATHES and A. R. FROST
Silsoe Research Institute, Wrest Park, Silsoe, Bedford, MK45 4HS, UK

SUMMARY
Integrated management systems (IMS) for pig production will enable the industry to meet tight product
specifications whilst satisfying society’s demands to reduce the environmental impact of livestock
production and improve animal welfare. An IMS is based on modern theories of process control that
have been proven in other industries but have yet to be applied to pig production. Initial applications
(described here) consider managing the growth of the finishing pig, and will be developed to include
management of the gestating sow. In the longer term, control of environmental processes within pig
housing with IMS will also be considered. These developments will undoubtedly reveal - and provide
the opportunity to resolve - the conflicts between financial and environmental pressures in modern pig
production. Other applications are envisaged and include active control of pig behaviour as well as
disease.
Keywords: environment, integrated management systems, pigs, process control, sustainable production
INTRODUCTION
Current systems of management are often unable to assist livestock producers to satisfy his/her
customer’s specifications for livestock products. The producer must also meet increasingly stringent
regulations on farming methods that aim to diminish the environmental impact of livestock production,
and provide a higher standard of animal welfare, for example. He must balance society’s view on what
constitutes acceptable agricultural practice against the need to produce animals cheaply and efficiently.
Resolution of the various conflicts that arise in livestock production requires integrated solutions if
potentially competing demands are to be satisfied.
This paper discusses how the development of integrated management systems can help us to progress
towards improved production and environmental management of pigs by allowing many potential
conflicts to be identified and, hopefully, resolved.
PIG WEIGHT, SIZE AND SHAPE
Traditionally, weight has been used to measure pig performance because of the difficulty of making any
other measurements of live animals. However, video image analysis (VIA) can measure area and linear
dimensions and estimate volumes quickly, frequently and accurately, offering near real time, objective
assessment of the size, shape and hence growth of individual pigs (Marchant and Schofield 2001).
Measurements from the top view image of a growing pig (Figure 1) show a linear relationship with its
weight (Figure 2), so W = a + bX, where W is live weight and X is the plan surface area, and where the
s.e. of a is 0.63, that for b is 3.5, and that for the prediction less than 0.5 kg. The difference between
VIA predicted weight and mechanically determined weight was less than 3 %; that is, no different from
the expected difference between two determined weights, given the influences of change in intestinal
and bladder content, and the accuracy of mechanical weighing systems (Whittemore et al. 2001). A
commercial version of the Silsoe VIA pig weighing system is available from Osborne (Europe) Ltd.

Figure 1. Overhead plan view of the pig as monitored by the imaging system. The A4 plan area includes
the three body segments, and excludes the head.
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Figure 2. Pig live weight as a function of the A4 plan area measured by the VIA system.

In a recent experiment (Henderson and Schofield, unpublished) a pilot set of 59 pigs was weighed
frequently over a period of one month to give same-day comparisons of 851 weighings from the load
cell weigher (W) and those predicted from the VIA A4 data stream (VIAW). After removing outliers,
the data set comprised 56 pigs and 807 comparative values. Pigs averaged 35.1 (!SD 7.34) kg for this
trial, ranging from 13 to 56 kg. Regression of VIAW on W (standard errors for the coefficients, the
constants and the overall equation are in brackets) gave:
VIAW (kg) = 0.959 (0.0122) W + 1.42 (0.439)
(2.55)
(n=807)
Both the coefficient and the constant were significant (P<0.01). The more close to zero the constant and
the more close to unity the coefficient, the more similar the VIAW and W measurements of weight may
be considered to be. The regression equation for values of W yielded estimates that might be
considered as within expectation of that for two weighings undertaken for a single pig with the same
machine at two different times of day.
Figure 3 demonstrates how the VIA system can provide weight-related information from individually
identified pigs within a production pen. These sample data are from a 90-day trial in which 20 pigs
were monitored during growth from 25kg with some reaching over 100kg. Weight was measured using
the Silsoe VIA system, and a load cell platform under the feeder race. The inset graph separates one
lame pig’s data from the group, and clearly demonstrates that the VIA derived weight matches, and
indeed emphasises the weight loss recorded using conventional methods.
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Figure 3. Changes in VIA-predicted weight and conventionally measured (FIRE) weight over time for 8
pigs. Inset demonstrates recorded drop in weight for a pig with a leg infection.

Whittemore and Schofield (2000) argue that changes in pig shape parameters (composition) are likely to
be more effective than weight, if used as a control input for managing the nutrition of growing pigs.
They claim that post-weaning and during the reproductive cycle, shape (condition) change is a better
indicator of metabolic activity than weight change. Also, at slaughter, carcass value is more closely
related to the size and shape of cuts for sale, hence of the shape of the joints from which they arose. It is
specific muscle volume that gives a better prediction of carcass value than lean tissue weight.
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INTEGRATED MANAGEMENT SYSTEMS
Basic Concepts
Sustainable livestock production requires producers to satisfy many environmental and economic
demands that may conflict. The product must meet target quality specifications whilst the production
process must be profitable and acceptable environmentally. Current systems often fail to satisfy even
the basic requirement of acceptable quality. In the UK only 48% of pork carcasses met requirements for
fatness and conformation in 1998 (MLC). The diminishing supply of skilled stockmen has made
livestock management difficult and the traditional solution has been to automate. Whilst this has been
possible with many environmental variables, the production process itself is still controlled by the
farmer. In an integrated management system, the production of livestock is treated as a process that can
be managed using process control techniques such as those used in other industries. The initial
application for an IMS is likely to be management of the primary output, i.e. meat, but once this has
been achieved attention can turn to other outputs, such as the emission of pollutants or disease.
Many livestock production processes operate as an open-loop control system (Figure 4). In the case of
rearing animals for meat, the input is a desired growth rate: the controller is the farm manager; the
actuator is the nutrition supply system, which is operated by the manager; the process is the animal; and
the output is the resulting growth rate.
input
signal

control
signal
controller

action

output
process

actuator

Figure 4. Open-loop control system.

Open-loop nutrition control is prescriptive, in that the diet to be fed at any time is calculated in advance.
The producer will subject the animals to a nutritional regime that has been designed in the expectation
that it will produce the required result. In a well-managed enterprise the nutritional regime will be
based on some form of growth model. Growth models enable the nutritional inputs (protein and energy)
required by an animal to realise its growth potential, to be calculated. However, there are many factors
(e.g. disease, or unfavourable environment) which may prevent the animals from achieving their
potential. The solution lies in model-based control system (Figure 5).
input signal

controller

actuator

process

output

Controller
parameters

model of
process
sensor

Figure 5. Model-based closed loop control system for daily nutrient intake.

Developing an Integrated Management System for Pigs
Silsoe Research Institute is working with the Universities of Edinburgh and Bristol and commercial
partners to integrate VIA into a management system. This will comprise nutrition models and feed
control mechanisms and aim to increase control of the animal performance efficiency - feed requirement
cycle (Whittemore et al. 2001). The approach being applied involves measuring process output
including pig growth rate derived from video images. This is fed into a process controller that
calculates the difference between actual (measured) and optimal (calculated from a model) growth,
enabling the feed input to be altered to minimise error. When controlling diet, the main inputs are
energy and amino acid intake. The IMS takes direct control of these inputs on a daily basis, and
delivers instructions to manage provision of nutrient supply. More accurate feeding of individual or
groups of pigs can thus be managed by measuring their actual condition, rather than estimating from
weight or age. The IMS aims to provide an ideal diet at all times, so allowing better control of pig
growth, composition and quality, reduced environmental pollution and improved welfare.
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The development of this IMS requires research on sensors, process models and actuators. Frost et al
(1997) conclude that current developments in sensor technology will lead to a surge in information
relevant to monitoring animals and their environment. Sensor systems are available to identify and
weigh animals (e.g. Geers 1994; Marchant et al. 1999) and should become available to monitor
physiological variables, such as body temperature and heart rate, hormones and metabolites in milk and
other secretions (Mottram 1997) and body composition (Fisher 1997). Process models range from
mechanistic to empirical, the latter being more common in livestock production. An empirical model
has no prior knowledge of the underlying structures or processes in the modelled system. It may be of
value where the process is poorly understood, e.g. multi-factorial respiratory diseases in pigs (Wathes
1998) in which the underlying environmental determinants are numerous and the interactions unknown.
IMS and environmental processes
New legislation will restrict annual emissions of ammonia, dust and odour from pig houses (Wathes
1998). The farmer must still provide pigs of the correct weight on the agreed date - he will be penalised
if the weights are outside the tolerance limits, but now he must also ensure that the pollutant emission
rates are at or below his target, otherwise face hostile action against his business. So he must manage
both the meat production process and the environmental processes occurring within and outside the
buildings. The relationship between these processes is complex. The farmer needs to understand the
inter-relationships between pig growth, nutrient supply and utilisation and pollutant emissions. There is
a need for integration in management of both the production process and the animal’s environment.
CONCLUSIONS
In the future, housing design and management for livestock must integrate the management of
production and environmental processes. Modern livestock production comprises a complex set of
physical, biological and economic processes, and the margin of error in their management is shrinking
because of the tighter specification for the products and the dismantling of barriers to international trade
in livestock products. Additional constraints arise from the growing shortage of skilled labour and
reduced profits for investment in new technology. Pollutants from livestock production have a negative
impact on local, regional and national environments. Legislation (e.g. IPPC) to limit and reduce
pollutant emissions has been introduced in Europe while local communities in North America and
Europe have become increasingly intolerant of odour emissions from livestock facilities. The
development of integrated management systems for livestock production should resolve the conflicts
that face producers.
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BREECH STRIKE CAN BE REDUCED BY INCREASED AREA OF NATURALLY BARE
SKIN AROUND THE PERINEUM OF LAMBS
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A
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SUMMARY
Three experiments were conducted to test the hypothesis that increased naturally occurring breech
bareness would reduce the incidence of breech strike. Breech bareness was scored from 1 where wool
was growing around the edges of the anus (and vulva in females) to five where there was an extensive
area bare of wool (50 cm2 on a 23 kg lamb). There were very few lambs with a bareness score of 5, so
for the purposes of these experiments score 4 and 5 were pooled for analysis. The first experiment
showed no significant difference between breech bareness scores, although the trend was similar to
subsequent experiments. The second (P<0.05) and third (P<0.10) showed that lambs with breech
bareness scores of 4 or greater were much less likely to be flystruck. Females had slightly greater
mean breech bareness score than males (2.3 vs 2) but were more susceptible to flystrike (P<0.05) in
the first experiment. For management reasons, males and females were run in separate mobs in the
second and third experiments. Overall, 22%, 16%, 11%, and 0% of lambs were flystruck when they
had breech bareness scores of 1, 2, 3 and 4 or greater respectively. Considering the negligible loss of
wool, the labour savings, the reduced suffering due to flystrike and the appeal to modern consumers,
the trait seems a worthy selection goal.
Keywords: alternative to mulesing, myiasis, flystrike
INTRODUCTION
There is an emerging problem in extensive sheep production, one that can be outlined by a single
word: resistance. There is resistance of blowflies to chemical control agents. Resistance to the use of
chemicals in food and fibre production is also evident among consumers. The use of surgical methods
such as docking and mulesing to reduce flystrike, have met with increasing resistance among animal
rights groups.
Much work on body strike in Australia has been reviewed by Colditz and Tellam (2000), but in New
Zealand the greatest proportion of flystrike is breech strike (Heath and Bishop 1995). Correct tail
docking, mulesing and crutching have long been advocated as successful control agents for breech
strike. Mulesing is not practised in the New Zealand crossbred sheep flock but crutching, and the
colloquial 'dagging' are used at frequent intervals as prophylactic procedures.
Scobie et al. (1997) suggested a genetic solution to this perennial problem, a sheep that has a
genetically bare backside and a genetically short tail. Other traits incorporated into this solution, such
as a head, legs and belly bare of wool, have subsequently been predicted to reduce production costs
(Scobie 2000) and shown to reduce the time taken to shear each animal (Scobie et al. 1999).
The ultimate test for the proposed phenotype will be susceptibility to breech strike. The following
experiments were designed to test the hypothesis that greater inherent bareness of the perineum would
reduce the incidence of flystrike.
MATERIALS AND METHODS
Experimental animals and design.
A total of 972 lambs were weaned and run together in groups of approximately 150 to 200. The lambs
were obtained from various flocks from different breeding experiments. The lambs were Perendale
(n=209), Finnish Landrace x Romney (n=289), and Finnish Landrace x Dorset Down (n=205), and
three composite breeds; one based on intercrosses of Finnish Landrace x Cheviot (n=126), one based
on the Wiltshire (n=85) and the other based on a feral sheep x Merino (n=48). In New Zealand,
Wiltshires were crossed with Poll Dorsets when they were originally introduced and have since largely
become a polled breed. For convenience, the Finnish Landrace will subsequently be referred to as
Finn.
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The lambs had previously been tail docked and were given regular drenching to control internal
parasites, but they were not crutched or treated with ectoparasiticide to improve the chances of
observing flystrike during the trial. Ideally the lambs would have been drafted into groups within
breeds at random. In practice, this was not possible as the breed groups had different lambing and
weaning dates and it was not possible to hold, score or handle all animals at one time. It was also not
possible to run all the breed groups together at random. Essentially 3 separate experiments were
conducted. In Experiment 1 the Perendale, Finn x Cheviot and some Wiltshire (n=34) lambs were
drafted into two mixed-sex groups at random, within breech bareness scores. At around four months of
age, before these animals became sexually active, they were recombined and drafted into two groups
on the basis of sex (Experiment 2). When the remaining four breeds and the rest of the Wiltshires
became available they were drafted into two sexes, and then drafted into two more groups balanced for
breech bareness (Experiment 3).
Procedures
Monitoring. The animals were observed on a daily basis for any animal that was showing signs of
being flystruck. Each flystruck animal was caught, treated using a commercial flystrike remedy and
their identity recorded. The animal was then removed from the mob for further monitoring during the
following days to ensure recovery. On many occasions the animal was not physically removed from
the mob, but all were marked and ‘removed’ from the experiment. A small number (n = 4) were struck
a second time. These were treated but not considered in the analysis.
Breech bareness scoring. The inherent bareness around the perineum was scored from 1 to 5 on the
basis of Figure 1. The average liveweight of the lambs at weaning was 23kg, at which the bare patch
of a score of 5 was approximately 50 cm2.

Figure 1. Breech bareness scores of 1 to 5 from left to right.

Statistical analysis
Flystrike is binomially distributed, either the lamb is struck or it isn't. The data were analysed using
generalised linear models with binomial error and a logit link function. A chi-square test statistic was
used for the comparisons. With the three trial designs described above, a number of restrictions were
placed on the analysis with respect to the groupings on the basis of sex. Over all the available lambs
there were very few with breech bareness scores of 4 or 5, and most of those were Wiltshires. No
Wiltshire lambs were flystruck, which violates the variance assumptions of the analysis, so to analyse
the data, the Wiltshires were excluded and the remaining score 4 and 5 animals were pooled as neither
group were flystruck and there were so few of them.
RESULTS
During the course of the experiments, 146 lambs were flystruck around the breech (15%). Only a
single case of body strike was observed.
With the small numbers of animals struck, there was no significant effect of breech bareness or breed
on the incidence of flystrike in Experiment 1 (Table 1). Sex of the lambs affected the chance of being
flystruck in Experiment 1 (P<0.01). Ewe lambs were more likely to be struck (18) than ram lambs (2).
Although one ram lamb was struck in each mob, 13 ewe lambs were struck in one and only 5 in the
other. This difference between mobs is commonly observed, and can be a result of topography, shelter,
internal parasitism and more.
Breech bareness had a significant effect on flystrike (P<0.05) in Experiment 2 if the groupings on the
basis of sex were ignored in the analysis. The sex difference became confounded with mob when the
lambs from Experiment 1 were reallocated according to sex. The difference between male and females
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(32 versus 5) could thus have been an effect of mob, location etc. or perhaps as the lambs became
older the males were more susceptible.
Table 1. Number of lambs struck and total number of lambs in two mixed sex mobs in Experiment 1. Data
have been pooled so that only the significant main effects are shown.
Females
Struck Mob 1
Struck Mob 2
Total

13
5
189

Breech bareness score
2
3
4&5
10
2
5
11
138
40

Males

1
1

1
1
146

Breech bareness score
1
2
3 4&5
1
1
45 72 27
2

Total
14
6
335

Table 2. Number of lambs struck and total number of lambs in single sex mobs in Experiment 2. Data
have been pooled so that only the main effects are shown.
Females
Struck
Total

14
172

Breech bareness score
1
2
3
4&5
1
12
1
10
124
38

Males
32
144

Breech bareness score
1
2
3 4&5
11 17 4
44 71 27
2

Total
46
316

In the third experiment, breech bareness had a significant effect on flystrike (P< 0.10). As in the first
experiment, females were more likely to be struck than males (16% versus 11%). On this occasion
there was good agreement between mobs of the same sex, but as with Experiment 2 the groupings
confound this result.
Table 3. Number of lambs struck and total number of lambs in four mobs, two of each sex in Experiment
3. Data have been pooled so that only the significant main effects are shown.
Breed
1
Finn x Dorset Down
Finn x Romney
Feral x Merino
Wiltshire

Struck
Total
Struck
Total
Struck
Total
Struck
Total

8
13
55
1
8

Breech bareness Score
2
3
9
3
138
55
39
9
196
38
4
1
25
13
1

3

Total
4&5

2

12
205
61
289
6
48

47

51

4

DISCUSSION
In Experiment 2, the hypothesis that a greater inherent bareness of the breech would reduce the
incidence of flystrike was supported at the 5% level of significance, in Experiment 3 at the 10% level,
and while it was unsupported in Experiment 1 a similar trend was evident. Over all the lambs in the
three experiments, the proportion flystruck decreased from 22% for breech bareness score 1 to 16%
and 11% for score 2 and 3 respectively. In addition to the lambs used in these experiments, 52 lambs
were flystruck prior to weaning, thus excluding themselves from the experiments and reducing the
number of animals available. Of these, 45 were Finn x Romney, and such is the effect of flystrike, that
it was not possible to obtain a breech bareness score for four of them. Of the remainder, 9, 38 and 1
had breech bareness scores of 1, 2 and 3 respectively, thus adding weight to the argument. On no
occasion, in any mob, was a lamb with a breech bareness score of 4 or 5 flystruck.
The findings suggest that animals with relatively large bare areas of skin around the breech are less
susceptible to flystrike. Breeding sheep with bare areas of skin is more likely to be acceptable to
consumers than surgical mulesing.
The results for the sex difference were equivocal. Only Experiment 1 was designed to show a sex
difference with males less susceptible. This appeared to be challenged by Experiment 2 and supported
by Experiment 3. It is tempting to speculate that immediately following weaning under New Zealand
conditions, ewe lambs are more susceptible due to urine stains, but later in the season ram lambs
tended to become daggier similar to the results of Scobie et al. (1999) and Scobie unpublished.
Perhaps this is a consequence of the slightly greater breech bareness of females (2.3 versus 2) since the
vulva tends to increase the area bare of wool. It is recommended that further unconfounded
experiments should be conducted on lambs destined for slaughter so the sexes can be run together,
unlike those from breeding experiments used here.
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Rathie et al. (1994) showed that Wiltshire Horn x Merino ewes were less susceptible to flystrike than
Merinos. Likewise, Litherland et al. (1992) found Wiltshire lambs less susceptible under New Zealand
conditions than traditional breeds, but 10% of their Wiltshires were struck. Although excluded from
the statistical analysis here, Wiltshire lambs were not at all susceptible in the present experiments.
Indeed one third of the Wiltshire lambs reported here had undergone a shedding event and were thus
“self-crutched” beyond their breech bareness score. Also in contrast to our data, feral lambs (0%) were
unlikely to be struck in comparison with Merino (33%) and Romney lambs (10%) in the experiment of
Litherland et al. (1992). Our feral composites were genetically similar to their “feral” lambs, which
they described as “at least half bred Hokonui Merino”, yet ours were more susceptible (12%), and the
current experiment was much shorter in duration than the earlier work.
There was an effect of breed on flystrike in Experiment 3. Since the least affected breed was the
Wiltshire (0%), second the Finn x Dorset Down (6%) while 21% of the Finn x Romney were struck, it
was considered that the length of wool around the breech might influence flystrike. Space does not
allow the data to be presented here, but in summary the mean length of wool around the backside at
weaning was 69 mm for the Finn Romney, 50 mm for Finn x Dorset Down, 38 mm for the Merino and
29 mm for the Wiltshire, (10 Wiltshire lambs had insufficient wool to measure as a result of shedding
rather than bareness). These differences would probably have become exacerbated during the
experiments but it was not possible to reliably measure the length of wool on flystruck animals
following treatment, so wool length was not measured at the end of the experiments. The length of
wool at weaning was no greater in those that were struck during the experiments than those that were
not struck. Wiltshires aside, the lambs used in Experiments 1 & 2 had similar wool types (Perendales
versus Finn x Cheviots), which may explain the lack of a significant breed difference.
The highly crimped wool of the Dorset Down tends to produce an erect staple, while the wool of the
Finn x Romney is predisposed to hang down, which when hanging over the anus is very prone to
becoming covered with dags. The Merino on the other hand has a dense fine fleece around the breech
thought to be more attractive to flies, perhaps leading to the 12% of strike recorded in this group of
lambs. The results for dag scores in the current experiments will be reported elsewhere, suffice it to
say similar conclusions that increased dagginess increases the risk of flystrike have been reached by
others (Watts and Marchant 1977; Watts et al. 1979; French et al. 1996). Our thesis is that wool
around the anus is the root cause of the problem as it predisposes the animal to the formation of dags
which exacerbate flystrike and it is not the dags per se as animals without any dags can be flystruck.
Considering the negligible loss of wool, the labour savings, the reduced suffering due to flystrike and
the appeal to modern consumers, the trait seems a worthy selection goal.
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REDUCTION EFFICIENCY OF A CONTAINER-BASED BIOFILTER FOR BIOAEROSOLS
FROM A BROILER HOUSE
J. SEEDORF and J. HARTUNG
Institute for Animal Hygiene, Animal Welfare and Behaviour of Farm Animals, School of Veterinary Medicine
Hannover, Buenteweg 17 p, 30559 Hannover, Germany

SUMMARY
Biofiltration is known as a method to abate odour pollution from agricultural and industrial sources.
In recent years there is an increasing interest in reducing or removing further pollutants such as dust
particles and micro-organisms (bioaerosols) from the exhaust air of farm animal buildings. An
orientating study was performed to investigate the efficiency of a combined scrubber/biofilter unit to
remove bioaerosols from the exhaust air of a broiler house with about 20.000 birds. Samples were
taken in the animal house air, from the air stream inside the biofilter after the second scrubber and
from the cleaned air above the biofilter bed. Minimum reduction efficiencies were calculated for
airborne dust particles, total bacteria and fungi at 83, 90 and 73%, respectively. Similar reduction
efficiencies were grossly seen for endotoxins too, but many of the results showed considerable
variations, which probably were due to cumulative and enrichment effects in the aerosolised scrubber
water of the biofilter. The results show that the investigated biofilter system is able to reduce the
amount of airborne particulates in the exhaust air of the broiler barn significantly. Future work is
needed to specify kind and number of those micro-organisms which are released into the environment
by passing the biofilter. This is necessary from the point of view of occupational and environmental
hygiene.
Keywords: biofilter, bioaerosols, reduction efficiency, broiler
INTRODUCTION
The air in livestock buildings contains gases, odours, dust particles and micro-organisms which are
emitted by the ventilation system into the environment. It is known that odour emissions can be a
severe nuisance for near-by living residents. Therefore administrative procedures are in place when
new farms are licensed either to establish sufficiently large distances between residential areas and the
emitting farms or to enforce abatement techniques to minimise odour emissions. One of the
appropriate methods which is already approved in practice for odour reduction is the biofilter
technique. The polluted exhaust air from the animal house is forced to pass a filter bed which usually
consists of brushwood, bark, compost material or similar organic stuff. The break down of the
odorous compounds is performed by micro-organisms which are naturally present colonising
massively the surfaces of the filter bed materials. The activity of this mixture of bacteria can be
supported when the scrubber water is inoculated with a specimen of fresh sewage sludge. The
efficiency of biofilters mainly depends on the activity of the micro-organisms, the nature and
concentration of the pollutants which should be reduced and the operational status and maintenance of
the bedding material. Odour reductions in ventilation air from livestock buildings between 41%
(Siemers and van den Weghe 1997) and 99% (Holste and Mannebeck 1997) are reported.
Little is known on the role of the emitted particles in the surrounding of the farms. There is increasing
concern in recent years that emitted airborne dust, dust borne components and micro-organisms may
play a role in respiratory affections in people living in the vicinity of animal enterprises. Measures to
reduce particulate emissions from animal houses are not yet well investigated. Orientating tests with
biofilters showed that the dust mass in the exhaust air of piggeries can be reduced by up to 85%
(Siemers and van den Weghe 1997). Martens et al. (2001) found a reduction potential for bacteria in
half technical scale biofilter units between 70 and 95%, while much less reductions of only 11% were
observed in a commercially operated biofilter at a pig house (Seedorf and Hartung 1999). These
inconclusive results are probably due to the different constructions of the biofilters that can vary
between simple filter beds and filter/scrubber combinations. Another reason may be the use of
different sampling techniques (time, place, duration, medium etc.) and analysis procedures for the
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various compounds. The development of standardised techniques and procedures would be
advantageous in future.
This paper reports on the reduction efficiencies of a newly designed container based biofilter with two
scrubber steps and a biofilter bed for airborne particulates such as dust, bacteria and fungi using a
standard glass impinger for sampling both micro-organisms and particles.
MATERIALS AND METHODS
Broiler house and biofilter
The investigations were carried out in a conventional broiler house with straw as litter material. The
number of animals varied between 22.000 at the beginning and 16.000 at the end of the measuring
campaign after 44 days. At days 30 to 33 about 6000 bigger birds were caught and brought to
slaughter. The forced ventilated building was equipped with fans on the rear side and auxiliary fans in
the ceiling providing additional ventilation capacity for hot summer conditions. The main air stream
was moved by the rear fans and passed horizontally through an attached biofilter container. The
biofilter unit itself contains three compartments to reduce odour, gases and dust. The first two stages
of the system are scrubbers to wash out water soluble and solid components, i.e. ammonia and dust,
from the polluted livestock air (pre-attached scrubber unit). The washing water is recirculated, spilled
and evaporated water is replaced by fresh water automatically. The third cleaning stage is the virtual
biofilter where the particles not yet eliminated by the scrubber should be retained in the filter bed. The
bed consisted of a frame of stainless steel bars filled with bark and coarse wood chips. The area of the
filter was 16 m².
Sampling Procedure
Dust particles, bacteria, fungi and endotoxins were sampled at three positions. One sampling position
was within the broiler house, one behind the second scrubber unit and the third above the biofilter
bed, shielded by a plastic barrel to avoid atmospheric influences. The barrel was equipped with a
chimney-like integrated funnel for the air outlet causing a slight over-pressure within the barrel to
prevent uncontrolled influx of atmospheric air at the point of contact between the barrel edge and the
rough structured surface material of the biofilter bed. Samplings were carried out at six days between
June and October. At each sampling day 3 samplings with three replicates were taken, 54 samples in
total. The samples were taken with All Glass Impinger 30 (AGI-30) systems. The air was sucked
through the impingers for 20 minutes with a flow rate of 10.5 l min-1. Each impinger was filled with
50 ml sterile isotonic NaCl solution. The sampling height was 1.5 m above ground. Figure 1 shows a
rough scheme of the biofilter/scrubber system and the position of the sampling points.
Analysis
The saline impinger solutions were investigated for mesophilic total bacteria, mesophilic fungi,
endotoxins and suspended particles. The bacteria were grown on blood agar (incubation temperature
36 °C) and the fungi on DG 18 agar (incubation temperature 25 °C), respectively. The readings are
given in colony forming units (CFU) per m³ of air. Endotoxins were determined with the LimulusAmoebocyte-Lysat (LAL) Test and quantified photometrically by the chromogenic-kinetic method.
The results are given in endotoxin units (EU) per m³, where 8 EU are approximately proportional to 1
ng. The number of suspended particles in the Impinger solution was counted with an optical particle
counter (Abakus, Klotz, Unterhaugstett, Germany) which is able to detect particle sizes in the range
between 0.7 µm and 120 µm. The results are expressed as number of particles (n) per m³ air.
Data processing.
Assuming that the volume flow of the waste gas is not negatively influenced by the design of the filter
system or the sampling technique the reduction efficiency ηB (%) can be calculated from the
corresponding concentrations at the three sampling points for the different pollutants as follows:

ηB =

cB , crude − cB , clean
cB , crude
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where C is the bioaerosol concentration (particle, bacteria, fungi, endotoxins) in the crude gas and in
clean gas I and II. The difference ηB between crude and clean gas II is the total reduction efficiency.
Negative ηB are indicating an increase of airborne components in the clean gas.
RESULTS
The indoor concentrations of particles (P), total bacteria (B), mesophilic fungi (F) and endotoxins
(etox) ranged between 2.26 x106 to 11.9 x 106 n m-3, 1.04 x 106 to 14.9 x 106 CFU m-3, 2.15 x 103 to
104.5 x 103 CFU m-3 and 10.3 to 216.6 EU m-3, respectively. In Table 1 the calculated reduction
efficiencies between the crude gas and the air behind the second scrubber (difference between
sampling point 1 and 2) and between the crude gas and the clean gas (1-3) are shown. The
concentrations in the clean gas were distinctly lower in most cases. The average reduction efficiencies
for particles were between 83.1 and 97.2%. Usually the filter (step 3) clearly increased the reduction
efficiency. Only at day one the reduction efficiency dropped slightly by approximately 2 % between
sampling point 2 and 3. The lowest reduction efficiency for total bacteria (B) was 89.9 the highest
99.1% (day 2). The reduction efficiencies for mesophilic fungi (F) were between 73.1% and 97.9%,
with one exception. At day six more airborne fungi were found in the scrubber unit (sampling
point 2) than in the air of the broiler house (ηB: -88.7%). The reduction efficiency of the
container based biofilter for endotoxins (Etox) differs considerably. The best ηB was calculated with
92.9%, but on day 6, an increase of nearly 180% of endotoxins in the clean gas II was observed. At
days 3, 5 and 6 higher Etox concentrations are observed in the cleaned gas behind second scrubber
than in the animal house. The highest enrichment was seen at day 5 with 11300%.
Table 1. Reduction efficiencies ηB (%) of the biofilter compartments 1, 2 and 3 for selected bioaerosol
components (for 1, 2 and 3 see Figure 1)
1-2
1-3
1-2
1-3
1-2
1-3
1-2
1-3
1-2
1-3
1-2
1-3
Day:
1
1
2
2
3
3
4
4
5
5
6
6
P
85.7
83.8
80.1 97.2
82.8
92.2
57.4 93.0
52.3
95.1
78.4
83.1
B
86.7
98.3
90.5 99.1
53.6
94.5
74.1 96.9
65.8
95.4
19.1
89.9
F
68.5
97.9
13.4 73.1
49.5
85.6
17.5 74.9
58.8
95.2
-88.7
76.7
Etox 44.7
n.c.
83.6
n.c. -103.0 81.2
38.7 92.9 -11229.3 80.5 -3600.8 -180.9
n.c. not calculated due to missing values; underlined values indicate enrichments in the clean gas in opposite to
the crude gas.
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Figure 1. Scheme of the container based biofilter and the position of the AGI-30 samplers. 1: crude gas, 2:
clean gas I, 3: clean gas II. Bold arrows are indicating the main air flow through the biofilter. The first
scrubber unit is not drawn.
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DISCUSSION
Biofiltration is one technical option to remove volatile and particulate pollutants from waste gases in
gases like ammonia in the exhaust ventilation air of livestock buildings. In recent years since concerns
are rising in the residential areas around livestock enterprises about possible health effects caused by
emitted particles and micro-organisms interest grows to use biofilters in or at animal houses as an
abatement technique for these bioaerosols. First investigations revealed inconclusive results. Some
filters worked with high others with low cleaning efficiencies. The presented study demonstrates
considerable differences in reduction efficiency between sampling days in the same plant. A critical
point is the organic biofilter material, which is poorly defined. The structure and type of bedding can
vary between batches in the same plant and between different plants. It can also deteriorate with time
which may change its retention capacities for various compounds. Bedding material usually contains
more than 107 germs per gram that colonise the surfaces of the material. The permanent air flow
through the biofilter can mobilise some of these attached micro-organisms as demonstrated for fungi
by Rabe and Becker (2000). In extreme situations emission quantities may be higher than without a
biofilter. From investigations on biofilter surfaces in composting plants it is known that the clean gas
can contain two times higher concentrations of fungi than were found in the crude gas before the filter
(Seedorf 2000).
In this study slight enrichment processes were observed for particles at sampling day one between
sampling point 2 and sampling point 3 when the total reduction efficiency decreased by 2 %. The
additional particles are probably released from the wooden biofilter bed. An enrichment of
compounds can occur in the scrubber unit. The washing water retains water-soluble substances and
dust particles, and is re-circulated, accumulating large amounts of compounds. If the accumulation
capacity of the liquid is exceeded compounds can break through and carry on to the biofilter. This
may have happened with the endotoxins at sampling days 3 and 5. If the compounds and
microorganisms are not kept back by the biofilter they appear in the ‘clean’ gas (sampling day 6). The
example of sampling day 5 shows that good adsorption properties of the filter bed may compensate
overloading of the scrubber step for some time. The same mechanism seemed to work for fungi at day
six.
The results of this investigation show that a repeated and regular monitoring of biofilter systems is
necessary to recognise mis-functions and leaks. Because of the complexity of factors which can
influence the total reduction efficiency, a deeper understanding of the different technical and
biological steps in the cleaning process are desirable. The presented method is relatively simple to
perform and covers the most important pollutants that may cause harm in the residential surrounding
of farms. For new biofilter/scrubber systems it seems useful to introduce a monitoring procedure that
covers typical and extreme operational situations as well as various weather and climatic conditions.
Furthermore it is desirable to define specific bacteria and fungi which are related to public health
hazards and which may serve as marker substances. However, the investigations should not only focus
on micro-organisms which pass a biofilter, occupational health aspects should also be regarded
because the biofilter operations need maintenance and service periods where people are working
directly in and with the system and are exposed.
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THE EFFECT OF DIFFERENT CONCENTRATE: FORAGE RATIOS ON BEEF CATTLE
GROWTH AND ECONOMICS IN SOUTHERN CHINA
SHI QINGHUA, XIE GUOQIANG, HE YIYONG, and CHENG SHUFAN
Feed Research Institute, Jiangxi Agricultural University, 330045 Nanchang, People’s Republic of China

SUMMARY
Six crossbred bulls (Simmental x Chinese yellow cattle) were used to study the effect of diets consisting
of different ratios of concentrate to forage on their growth rate and the economics of feeding. During a
growth trial lasting 58 d, the average daily live-weight gain of bulls given freshly cut green forage ad
libitum supplemented with 25% concentrate did not differ significantly from that of bulls given the same
forage supplemented with 43% concentrate. The mean growth rate for both groups over 58 days of feeding
was 935 ± 20 g/d. The results emphasise the important potential role for fresh forages in that the feeding
cost per kg live-weight gain was 18 % lower for the bulls given the higher forage diet.
Keywords: beef cattle, forage, concentrate:forage ratio, growth, economics
INTRODUCTION
The red-soils region south of the Yangtze river in southern China, an area the size of Western Australia
(2.6 million km2), represents only 25% of the total area of China but holds nearly half its population. The
region has 0.58 million km2 of grassland and 1.06 million km2 of hilly or mountainous land. A joint study
undertaken more than 10 years ago by the Australian Centre for International Agricultural Research
(ACIAR), Winrock International and the Chinese Academy of Agricultural Sciences (CAAS)
recommended priority be given to establishing forage-based beef production in this region. Although the
efficiency of the relatively new cattle industry in this region has been improving, it is still influenced by
traditional habits and productivity is relatively low. There is an urgent need for relevant cattle production
research and rapid extension of the research findings.
An ACIAR-China project has been established to undertake research and extension in support of the
developing cattle industry and to determine the most efficient way to make use of forages and agricultural
by-products (straws) and reduce the conflict between population and arable land. A viable cattle industry
will enhance national food and protein supply by utilizing untapped resources (the hilly grasslands) and
agricultural by-products and will improve the living conditions of people throughout the red-soils region.
At present, beef cattle in the region are often under-fed and this leads to poor feed conversion efficiency.
Low productivity results in poor economic returns to potential producers, and this in turn has severely
hindered the development of a viable beef cattle industry in the red-soils region.
The aim of this study was to determine the nutritional value of locally available forages in Jiangxi
province such as dwarf Napier grass and to obtain economic information needed for the development of
cattle feeding and management systems appropriate to Jiangxi as well as other provinces in the red-soils
region of southern China.

MATERIALS AND METHODS
Experimental animals, design and diets
The study was undertaken at the Jiangxi Agricultural University in southern China. Six clinically healthy
bulls (Simmental x Chinese yellow cattle; 187 ± 1.7 kg) were randomly allotted from 3 weight strata to 2
groups, each of 3 animals on 14 August 2001. The bulls were housed individually in the same animal
house in pens with a concrete floor.
There was a 15-day pre-experimental period from 14 August to 29 August 2001 when ad libitum intakes
of dwarf Napier grass (Pennisetum purpureum) were determined. The main growth experiment was
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started on 30 August and ran to 26 October 2001 (i.e. 58 d). In this period the two groups of bulls were
offered diets that consisted of cut-and-carry forage ad libitum and concentrate at 25% or 43% of total dry
matter (DM) intake. Fresh forages were cut daily under contract and delivered to the Animal House. They
consisted of dwarf Napier (referred to locally as ‘elephant’) grass (Pennisetum purpureum), sweet potato
vine (Ipomoea batatas) and, later in the experiment, Dallis grass (Paspalum dilatatum). Table 1 gives
details of the dietary components, and Table 2 gives the predicted ME and crude protein concentrations of
the resulting diets offered to the bulls.
Table 1. Components of the diets of fresh forage and concentrates offered to the bulls during a 58-day growth
period expressed as dry matter offered per day (and fresh forage material per day in parentheses)
Treatment Period
Concentrates
Forages
Diet 1
Diet 2

Phase 1
Phase 2
Phase 1
Phase 2

Maize
0.57
0.71
1.13
2.78

CSM
0.45
0.56
0.54
0.69

RSM
0.09
0.12
0.18
0.23

Premix
0.05
0.07
0.10
0.13

DNG
4.58 (22)

SPV

DG

3.92 (28)

1.48 (5)

3.50 (25)

1.18 (4)

3.54 (17)

CSM-cottonseed meal; RSM-rapeseed meal; DNG-dwarf Napier grass; SPV-sweet potato vine; DG-Dallis grass
Table 2. Calculated* metabolisable energy (ME, MJ/kg DM) and crude protein (CP, g/kg DM) concentrations
in diets offered to bulls during a growth trial lasting 58 d
Treatment
Period
Concentrate
Forages
Diet 1

Phase 1
Phase 2
Diet 2
Phase 1
Phase 2
*Analyses taken from Devendra (1979)

ME
12.0
12.0
11.9
12.1

CP
235
233
330
165

ME
7.9
9.8
7.9
9.8

CP
100
171
100
103

After green forages were delivered to the animal house, they were chopped to lengths of about 30 cm
before being placed in the feed troughs. The concentrate was offered first on each occasion and when it
was completely consumed (usually less than 20 min), the forage was offered. Fresh forage feed was
offered twice daily at 08:00 h and 17:00 h and water was always available. Feed (concentrate and forage)
offered and forage refusals of each bull were recorded daily.
The bulls were weighed before the morning feeding on 14 August, 30 August (start and end of Phase 1)
and on 30 September and 27 October 2001 (start and end of Phase 2).
Statistical analysis
Feed intake, live-weight gain, feed conversion efficiency and feed cost per kg live-weight gain were
determined. Statistical analyses were performed using one-way ANOVA (Excel spreadsheet, Microsoft
Corporation).
RESULTS
During the 16-day pre-experimental period when the bulls were offered freshly cut dwarf Napier grass,
those in Group 1 (later given Diet 1) had a voluntary intake of 2.99 ± 0.15 kg DM/d and gained 379 g/d,
whereas those in Group 2 ingested 2.41 ± 0.06 kg DM/d and lost 10 g/d because one bull had ingested
sub-optimal amounts of dwarf Napier grass. Thus on 30 August the range of live weights of bulls in the
group to be given Diet 2 (187±8.8 kg) in the experimental period was greater than that for Diet 1
(193±2.3 kg), although the mean live weights of both groups did not differ significantly (P>0.05).
During the 58-day experimental period, the bulls ingested all of the concentrates and 91-94% of the
forages offered each day. The intakes of forages and concentrates, ME intakes and live-weight gains of the
bulls over 58 d are given in Table 3.
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Table 3. Intake of forage and concentrate DM, calculated ME intake and live-weight (LW) gain of the bulls
± standard
given forage diets with 25% (Diet 1) or 43% (Diet 2) of concentrates over 58 d. Values are means (±
errors)
Diet

Forage intake
(kg DM /d)

Concentrates
Total DM intake
Total intake
(% of total
(kg/d)
(kg DM/100
DM intake)
kg LW)
1
4.27a
24.8a
5.68a
2.58a
(0.106)
(0.47)
(0.106)
(0.059)
2
42.8b
6.10a
2.87b
3.49b
(0.118)
(0.68)
(0.135)
(0.061)
Values with different superscripts within a column differ significantly (P<0.05)

Total ME
intake
(MJ/d)
53.9a
(0.84)
58.1b
(1.05)

Mean LW
gain
(g/d)
950a
(29)
920a
(57)

Live weight (kg)

The bulls given more concentrates (Diet 2) ingested (P<0.05) less forage but their total DM intakes tended
(P=0.07) to be higher than those given less concentrates and these bulls also had higher (P<0.05) ME
intakes.

240
220
Diet 1

200

Diet 2
180
0

20

40

60

Days

Figure 1. Live weights of bulls on forage-concentrate diets with 25% concentrate (Diet 1) or 43 % concentrate
(Diet 2) during Phase 1 (31 d) and Phase 2 (27 d) of the experiment

The mean live weights of bulls during the 58 d growth period are given in Fig. 1. The live weight of the
bulls offered the two dietary treatments did not differ (P>0.05) on Day 0 of Phase 1 of the growth trial,
although the mean weight of the group given Diet 2 tended to be lower than of those offered Diet 1 as
noted earlier. Over the 58 d, the average daily live-weight gain of bulls was higher in Phase 2 (mean 1012
g/d) than in Phase 1 (mean 872 g/d). However, the gains of bulls given Diet 1 or Diet 2 and the
corresponding FCR over 58 d (950±29 and 920 ±57 g/d; 6.0 and 6.7 g feed DM/g LW gain) did not differ
significantly (P>0.05). (The growth rates of both groups appear identical if the smallest bull at the start of
Phase 1 (in Group 2) is treated as an outlier and its data are removed from the data analysis.)
The cost of fresh forages, as supplied, was 0.15 yuan/kg, irrespective of species and water content, and of
the different concentrate mixes (see Table 1) was 1.43 yuan/kg (as fed) in Phase 1 and 1.35 yuan/kg in
Phase 2. The total cost of feeding for the 58-day feeding period (including the costs of forages that were
not eaten by the bulls, but not including labour costs associated with chopping the forages and feeding
these to the bulls) was 5.9 yuan/bull.day or 6.2 yuan/kg live-weight gain for bulls on Diet 1 and 7.2 yuan/d
or 7.9 yuan/kg live-weight gain for bulls on Diet 2.
DISCUSSION
The development of a cattle industry based on making use of forages could help alleviate rural poverty in
the red-soils region of southern China. In Hunan and Jiangxi provinces where research and extension work
for the ACIAR project is being undertaken, the annual income of farmers is very low, i.e. less than 2000
yuan (A$ 475) per capita in 1996, and their income is still low even when supplemented by about 70%
with income from household businesses (CAY, 1997). Cattle production from forages offers the
possibility of increasing the incomes of farmers in this region and may allow better use to be made of the
non-arable hilly slopes.
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Forages and agricultural by-products (e.g. rice straw) are usually the least expensive options for feeding
growing cattle in Jiangxi province where this study was undertaken. However, the quality of pasture
grasses in Jiangxi is variable depending on the species (and whether tropical or temperate), stage of
growth and prevailing climatic conditions. Fresh mature tropical grasses are often deficient in total N as a
sole feed for ruminants. Legumes usually have a higher digestibility than grasses and can improve total N
intake but are often not present in the pastures. Energy and nutrient requirements cannot be met fully from
a diet consisting only of fresh forage, probably because materials with high water content and low
digestibility cause gut distension, and this in turn inhibits intake before the animal can fully satisfy its
nutritional requirements. These factors usually lead to sub-optimal growth of pasture-fed beef cattle. In
fact, the apparent growth of the bulls given freshly cut dwarf Napier grass in the pre-experimental period
exceeded theoretical expectations. The bulls had a voluntary intake of 2.99 ± 0.15 kgDM/d, equivalent to
about 24 MJ/d which, after meeting a probable maintenance ME requirement of 20-24 MJ/d (SCA, 1990),
left only about 0-4 MJ/d for tissue accretion. Intake of grass was only 1.6% of live weight and was
presumably limited by its fibre content. The estimated ratio of crude protein to ME in the grass (and in all
diets offered) exceeded 12 g/MJ ME which should have provided adequate N for the rumen fermentation.
However, absorbed protein may have been a factor limiting intake on the grass-only diet (Egan, 1965).
Many farmers in Jiangxi province also feed some concentrates to their beef cattle, especially when market
prices are high. The ratios of concentrate and forage to be used in the growth experiment were calculated
using available analytical information for dwarf Napier grass. We had to substitute other forages for dwarf
Napier grass during Phase 2 when the latter became scarce as a result of drought and illegal occupation of
the nearby grasslands.
Supplementation with concentrates did not appear to affect the intake of forages and the bulls grew as well
on the lower level of concentrate as they did on the higher level. In this context, the question arises as to
what is the optimal ratio of concentrate to forage that should be offered. Usually, the highest rates of
growth in beef cattle will be obtained by feeding diets with high proportions of concentrate, but because
concentrates are expensive, the optimal economic ratio is likely to occur when the diet is made up of a
predominance of lower-cost forage. The optimal ratio in any particular case will, therefore, depend on the
relative costs of concentrates and forages and their nutritional value, the genetic potential for growth of the
cattle being fed, the current market value of the finished cattle, and other factors. In the growth period,
estimated ME intakes of the bulls offered the fresh forages plus concentrates were 54 and 58 MJ/d for the
25% and 43% diets, respectively, and the average daily gain was not significantly affected by the level of
concentrates. However, the feed cost per kg live-weight gain was 18% lower when the bulls were given
the forage diet with 25% concentrate. Whether costs would have been further reduced with even lower
concentrate inclusion will be tested in future studies.
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SUMMARY
Average daily gain (ADG), grazing behaviour and feed intake of Hereford steers grazing high autumn
quality pastures were measured at two different levels of forage allowance (2.5 and 5.0 kg of dry
matter/100 kg of body weight), with no supplement or with whole (WM) or ground (GM) maize grain
fed at 1% of body weight. Thirty-six Hereford steers were assigned to one of six treatments in a
factorial arrangement. Forage allowance was adjusted weekly for each treatment by varying paddock
area. Grain was offered daily and refusals weighed to determine actual intake of each animal. Forage
intake was estimated as the difference between forage availability before and after grazing. Grazing
behaviour was determined by visual appraisal every 10 minutes during 9 hours of daylight for four
consecutives days every second week. The ADG was higher (P<0.01) in supplemented cattle (1.12
kg/d) than non-supplemented (0.41 kg/d) controls. Forage allowance did not have a significant effect
on ADG (P=0.07). There was an interaction (P=0.11) between forage allowance and supplementation
on forage intake. At low forage allowance, forage intake was decreased (P<0.05), only if maize grain
was offered ground. Supplementation did not affect grazing time. Steers grazing with a high forage
allowance and supplemented with WM spent more time ruminating than those fed with GM.
Keywords: forage allowance, maize processing, supplementation
INTRODUCTION
Cattle grazing lush autumn pastures in the western plains of Uruguay normally have growth rates
lower than expected given the apparently high quality of the pastures (Simeone 2000). A considerable
amount of research has been done regarding the effect of forage dry matter allowance on performance
of finishing steers grazing high quality pastures during winter (Cibils et al. 1996), or spring (Hodgson
et al. 1990). However little is known about forage allowances for the autumn season. Autumn pastures
in Uruguay are characterized by a low dry matter and fibre content and high concentrations of crude
protein. Cereal grains are commonly used as supplements for beef cattle to improve animal
performance during autumn. Many experiments and reviews have examined the effect of different
types of grains and processing methods on animal performance in feedlot conditions (Owens et al.
1997, Rowe et al. 1999). However, responses to grain processing in animals under grazing conditions
are not well understood. With maize grain an important question is wether there are advantages in
grinding the grain compared to feeding it whole.
The objective of our study was to determine the relationship between forage allowance and
supplementation using maize grain offered whole or ground, in terms of average daily gain (ADG),
forage intake and feeding behaviour of Hereford steers grazing improved pastures during autumn.
MATERIALS AND METHODS
The experiment was conducted at the Experimental Station of the Agronomy Faculty, in Paysandu,
Uruguay, during the period 31 May to 23 August 2001. An area of 11.5 ha of oats and a 12 ha paddock
of mixed pasture comprising grass (fescue) and legume (red clover) in approximately equal
proportions were used. The experiment was divided into two periods: 31 May to 15 July (Period I),
and 15 July to 23 August (Period II), corresponding to grazing of oats and mixed pasture, respectively.
Thirty-six Hereford steers weighing 327 (+ 20.8, sd) kg, 18 months of age were used. Steers were
randomly allotted to six treatments with a factorial arrangement. The treatments were as follows:
1) Control – 2.5: Grazing at a forage allowance = 2.5 % of body weight
2) Control – 5.0: Grazing at a forage allowance = 5.0 % of body weight
3) WM-2.5: Control-2.5 plus 1% of body weight supplementation with whole maize grain.
4) WM-5.0: Control -5.0 plus 1% of body weight supplementation with whole maize grain
5) GM-2.5: Control - 2.5 plus 1% of body weight supplementation with ground maize grain
6) GM-5.0: Control - 5.0 plus 1% of body weight supplementation with ground maize grain.
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All the animals were treated against internal parasites with ivermectin (Ivomec®; Merial S.A.), before
starting the experiment. Steers were weighed at 14 days interval, with no access to feed or water for 12
hours before weighing. Animals were managed in rotational grazing system with grazing strips
allocated each day and no access to the previous strip. Forage mass was measured weekly using a
double sampling method (Gardner 1967), and forage allowance was adjusted varying the strip area for
each treatment. Everyday during three weeks in each period, forage intake was estimated from the
difference between forage dry matter on offer and residue in the daily strip for each treatment. Ground
maize was fine hammermilled. The quantity of supplement offered to each steer was adjusted for body
weight changes fortnightly. During the whole experimental period steers were supplemented in
individual pens constructed near the paddock where the cattle were grazing. Grain was offered daily at
0800 h and refusals measured at 0900 h to determine actual intake.

The grazing behaviour of four steers per treatment was determined by visual appraisal. Animal
activities such as grazing, rumination or rest were recorded every 10 minutes during 9 hours of
daylight for 4 consecutives days every second week during both periods.
Data for ADG and grazing behaviour were analysed by analysis of variance for a two factor
randomised complete design, with the steer as experimental unit. The effects of animal (A), period (P),
treatments and the interactions between them were included in the regression model for ADG and
grazing behaviour. Animal effect was considered as a random factor nested within treatment. Data for
forage intake were analysed by analysis of variance based on a repeated measurements design, taking
into account the group of steers as an experimental unit. The regression model included week (W) of
sampling, as a random effect nested within period, treatments effects and the interaction between
them.
RESULTS
The composition of the oats and mixed pasture are summarised in Table 1 together with estimated feed
intake and liveweight gain.
Table 1. Composition of the oats and mixed pasture (% of DM)
Dry matter
Crude protein
Neutral detergent fibre
Estimated digestibility

Oats
15
17.8
47.7
67.5

Mixed pasture
12
20.4
37.0
64.2

Average daily gain and forage intake for each treatment are shown in Table 2. The interaction between
forage allowance and supplementation on ADG was not significant (P=0.26). Forage allowance did
not have a significant effect on ADG (P>0.05). However ADG was higher (P<0.01) for the
supplemented steers (1.12 kg/d) than for those without supplementation (0.41 kg/d).
Steers fed WM tended to have a slightly lower ADG than those fed GM (1.06 kg/d vs. 1.17 kg/d;
P=0.09). However, the effect of type of supplement (whole vs. ground) on animal performance seemed
to depend on the forage allowance. The effect of processing grain appeared to be more important for
steers with more pasture on offer (WM=1.06 vs. GM=1.22, P= 0.07), than on those with less pasture
(WM=1.07 vs. GM=1.12; P=0.54).
The interaction between supplementation and period was significant (P<0.01), for ADG. The benefit
of supplementation was greater on the fresh oats than on the mixed pasture mainly because the ADG
for steers from unsupplemented control treatment was higher during the second period (mixed
pastures) than during the first period (0.56 vs. 0.27 kg/d, P<0.01).
There was no significant difference (P=0.10) between intake of oats and mixed pasture (1.55% and
1.47% of body weight, respectively). High forage allowance increased forage intake (P<0.01), while
supplementation reduced it (P<0.01). There was an interaction (P=0.11) between forage allowance and
supplementation on grass intake. At the high forage allowance, both WM and GM treatments tended
to reduce grass intake, while at the low forage allowance, only GM treatment reduced (P=0.06) grass
intake. Steers grazing with a forage allowance of 2.5% and 5% had a mean daily herbage intake of
4.65 kg and 6.21 kg, respectively. Taking into account animal performance and intake of different
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treatments, feed conversion was of 72 g ADG/kg of consumed grass dry matter and 202 g ADG/kg of
consumed grain dry matter, respectively.
Table 2.

Effect of supplementation and forage allowance on ADG and forage intake (% of BW), of
Hereford steers grazing fresh high quality pastures during autumn

Supplementation (S)

Forage allowance (FA)

ADG (kg/d)

Means (main effects)

2.5 %

5.0 %

Control ( C )

0.316 aA

0.507 aB

0.411 a

Whole Maize (WM)

1.068 bA

1.056 bA

1.062 b

Ground Maize (GM)

1.122 bA

1.217 bA

1.169 b

Means (main effect)

0.835

0.927

0.881

A

A

Forage intake (% of BW)
Control ( C )

1.43 aA

2.03 aB

1.73 a

Whole Maize (WM)

1.26 abA

1.48 bB

1.37 b

Ground Maize (GM)

1.18 bA

1.63 bB

1.40 b

Means (main effect)

1.29 A

1.71 B

a, b Means in the same column with different superscripts differ significantly (P<0.05)
A, B Means in the same row with different superscripts differ significantly (P<0.05)

Grazing time was not significantly influenced by period (forage type) or the interaction between
forage allowance and supplementation (P>0.05). Steers grazing at 2.5% forage allowance spent more
time grazing than those at high forage allowance (68.2% of the 9 hours day vs. 65.5% P=0.07).
Supplementation reduced grazing time with respect to control (70.8% vs. 64.8% P<0.01) and
increased ruminating time (2.6% vs. 6.0% P<0.01), while there was no effect of processing maize
grain (Table 3).
Table 3.

Effect of supplementation and forage allowance on grazing behaviour (percentage of time
between 0900 h and 1800 h of steers grazing fresh high quality pastures during autumn

Forage allowance (FA)

2.5% of body weight

5.0 % of body weight

Control

Whole Maize

Ground Maize

Control

Whole Maize Ground Maize

Grazing time

72.5 a

68.5 b

63.2 b

69.1 a

64.1 b

63.3 b

Ruminating time

2.60 b

4.90 a

5.00 a

2.60 b

8.7 a

5.90 a

Resting time

24.8 b

25.8 b

31.6 a

28.2 b

26.6 b

30.8 a

a, b, c, : Means in the same row with different superscripts differ significantly (P<0.01)

In both, 2.5% and 5.0% levels of forage allowance the GM supplemented group of steers spent more
time (P<0.001), resting compared to control and WM groups. Forage allowance influenced pattern of
grazing behaviour. During the morning (0900 h -1300 h), steers with a forage allowance of 2.5% spent
80% of the time grazing while those with a forage allowance of 5.0% steers spent 70%. However
during the afternoon (1300 h - 1800 h), both groups of animals spent the same amount of time grazing
(61%).
DISCUSSION
Feeding supplements of maize grain to steers grazing high quality forage from oats or mixed pasture
increased ADG, compared with non-supplemented controls. This response did not seem to depend on
the amount of forage dry matter allowance. The average daily intake of maize by supplemented steers
was 3.49 kg and resulted in an increase of approximately 0.7 kg/d additional liveweight. The
conversion of grain to liveweight (5 kg maize/kg gain) represents an efficient use of grain by
ruminants (Cibils et al. 1996). Compared to the benefit of supplementary feeding the additional
improvement due to processing the maize (approx. 0.1 kg/d) was relatively small and not significant,
particularly at the lower rate of forage availability.
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Given the fact that there were no significant differences between intake of oats and the mixed pasture
it is interesting that cattle grazing the mixed pasture grew nearly twice as fast as those grazing oats.
The difference in growth rates does not appear to be explained by estimated digestibility, dry matter
content or by crude protein levels in two forages. There was a difference in the neutral detergent fibre
content of the two forages but there was not an associated effect on feed intake. Autumn grass offered
at 5% of bodyweight was not able to support high levels of live weight gain in beef finishing steers,
mainly due to a very low forage intake at this allowance. The composition of the forage was typical of
improved pasture during autumn in Uruguay, characterized by a low dry matter and NDF content and
a high CP concentration. Under autumn conditions, the dry matter percentage of the grass can decrease
even more because of the extracellular water (Gallardo 1991). The high level of moisture and probably
the low effective fibre content of the pasture, could explain the low herbage intake and consequently
the low ADG of control steers.
Supplementation of steers grazing high quality pasture affected grazing time. Steers at low forage
allowance grazed more during the morning than during the afternoon. This difference in grazing
behaviour would be expected to alter patterns of rumen digestion because it is well documented that
the chemical composition of the grass changes during the day, increasing the carbohydrates content in
the afternoon (Bowden et al. 1968).
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SUMMARY
The experiment investigated rumen degradability of forages and rumen pH in Hereford steers grazing
high quality pastures in autumn with no supplement or supplemented daily with whole (WM) or
ground (GM) maize grain (1% of body weight). Forage allowance was adjusted each week to provide
approximately 5% body weight on a DM basis. Six steers with rumen cannulas were allocated to one
of three treatments. Forage dry matter degradability was measured using the nylon bag technique.
Supplementation with maize did not affect (P>0.05) degradation rate of forage in the rumen or rumen
fluid pH. Rumen fluid pH was more affected by the time of the day by supplementation or type of
concentrate offered. It is concluded that neither supplementation nor grinding the maize had a negative
effect on the rumen environment of cattle grazing lush pastures during autumn.
Keywords: cattle, autumn, maize grain, degradability, pH
INTRODUCTION
During autumn, animal production on lush pastures including oats, grasses and legumes is lower than
expected based on apparent digestibility and protein content. . It has been suggested that poor growth
rates are a result of nutrient imbalance associated with relatively low levels of water-soluble
carbohydrates and high levels of rapidly degradable protein (Rearte 1999). Cereal grain
supplementation can provide additional fermentable energy, improving NH3 capture and microbial
synthesis (Elizalde 1999). However it is well documented that high inputs of rapidly fermentable
starch can decrease rumen pH, resulting in a lower rate of forage digestion, which in turn can restrict
feed intake (Van Soest 1994). Rapid fermentation of starch, and the effect that this has on rumen pH
and fibre digestion may be accelerated by fine grinding and may be reduced by feeding whole grain. .
The objective of this study was to determine the effect of supplementation using maize grain offered
whole or ground on rumen pH and on forage degradation in steers grazing high quality pastures during
autumn.
MATERIALS AND METHODS
The experiment was conducted at the Experimental Station of the Agronomy Faculty, in Paysandu,
Uruguay, over the period 31 May to 23 August 2001. The experiment was divided in two periods: 31
May to 15 July (Period I), and 15 July to 23 August (Period II), corresponding to grazing oats and
mixture pasture, respectively. The mixed pasture consisted of fescue and red clover in approximately
equal proportions. Animals were managed in rotational grazing system with grazing strips allocated
each day to provide forage at a rate equivalent to 5% bodyweight on a DM basis. Grain supplements
were fed to provide an amount equivalent to 1% of bodyweight each day and fed in individual pens
constructed adjacent to the paddock. Grain was offered daily at 0800 hs and refusals measured at 0900
h to determine actual intake. Six Hereford steers weighing 318 (± 14 kg, sd), and 18 months of age,
surgically fitted with rumen cannula were random allocated to the three treatments. The treatments
were as follows:
1) Control: No supplement
2) Whole maize (WM): Supplemented with whole maize grain
3) Ground maize (GM): Supplemented with ground maize.
Animals were treated against internal parasites with ivermectin, before starting the experiment. Steers
were weighed fortnightly, at 0800 h following a period of 12 hours without food and water. Forage
availability was measured weekly using the double-sampling method (Gardner 1967), and forage
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allowance was adjusted varying the strip area for each treatment. The quantity of supplement and
forage allowance were adjusted for BW changes fortnightly.
Six sampling periods (3 days each) were distributed uniformly during the whole experimental period.
Hand clipped samples of forage were collected for control and supplemented treatments before each
sampling period and analysed for dry matter, nitrogen, and soluble and insoluble non starch
polysaccharides content (Englyst et al, 1993; Theander et al, 1993). At 0900 h on day 1 of each
sampling period, prior to supplementation and before being moved to a new pasture strip, nylon rumen
bags containing samples of fresh forage, hand-clipped from the pasture being grazed, were placed in
warm water 39ºC for 15 minutes. Of the 18 bags prepared for each animal, two bags were taken as
time 0 samples and the rest placed in the rumen. The nylon bags (40 µm pore size, 8 cm x 40 cm) were
attached to a 1 m cord with a 750 g weight tied to the end. Two bags were removed following 3, 6, 9,
12, 24, 36, 48, and 72 hours incubation in the rumen. The bags were immediately washed in cold
water using a conventional automatic top-loading washing machine with a 30 minutes cycle. The bags
were then dried at 60oC for 48 h and weighed.
Samples of rumen fluid (100 ml) were collected at 3-h interval during the last day of each sampling
period and strained through two layers of cheesecloth. Rumen pH was measured immediately with a
portable pH meter.
The model described by Orskov and McDonald (1979) was used to analyse the nylon bag data. Data
from the two bags removed at each time were averaged. The parameters for nylon bag forage
degradation derived from the model of Orskov and McDonald (1979) and rumen pH were subjected to
analysis of variance using a completely random design with repeated measurements. The model

included treatment, period, sampling date nested within period, and the interaction between
them. The cannulated steer effect was considered as a random factor nested within treatment. SAS
software was used for all statistical analysis.
RESULTS
The chemical composition of the hand-clipped samples of forage for supplemented and nonsupplemented steers is shown in Table 1.
Table 1. Chemical composition (% of dry matter) of the hand clipping samples of forage for the two
periods
Fresh oats (Period I)
Mixture pasture (Period II)
2.63 (SD=0.52)
3.36 (SD=0.32)
Control
Supplemented
Control
Supplemented
Dry matter
15.3
14.7
12.9
11.3
Free sugars (FS)
6.23
7.29
8.75
9.63
Soluble NSP (SNSP)
1.13
1.15
1.50
1.57
Non Soluble NSP (NSNSP)
31.0
31.6
18.3
20.2
Fructans (FR)
3.72
4.06
1.59
1.85
Crude Protein (CP)
20.3
17.8
28.0
25.0
a: Instantly degradable fraction (g/kg)
185
183
b: Total degradable fraction (g/kg)
635
696*
c: Degradation rate (per h)
0.0595
0.0847**
Rumen pH
6.53
6.41**
*, ** Significant (P< 0.05 and 0.01 respectively) difference between values in the same row.
Forage mass (t of dry matter/ha)

There was a significant effect of period on the degradation rate of forage dry matter (Table 1) but no
effect of supplementation with maize grain on rate of forage degradation or rumen pH (Table 2).
There was an interaction between treatment and period (P<0.01), for the instantly degradable forage
fraction and for the total degradability. However that interaction did not affect (P=0.56), the
degradation rate of the forage dry matter.

218.

Anim. Prod. Aust. 2002 Vol. 24: 217-220
Table 2. The effect of supplementation with whole or ground maize on forage dry matter degradability
and rumen pH
Control
226
652
0.0820

A: Instantly degradable fraction (g/kg)
B: Total degradable fraction (g/kg)
C: Degradation rate (per h)
Rumen fluid pH (Mean value)

Supplementation
WM
155
707
0.0670

6.28

GM
170
637
0.0674
6.45

6.33

Although there was no significant effect of supplementary feeding on rumen fluid pH all the other
effects included in the model were significant (P<0.01). There was a diurnal pattern of rumen pH with
the lowest value occurring between six and twelve hours after concentrate feeding (P<0.001; Figure
1). Rumen pH was higher in cattle grazing oats than during the period when they grazed mixed pasture
period (Table 1).

pH

7.5
7.3
7.1
6.9
6.7

Control
Whole maize

6.5
6.3
6.1
5.9

Ground maize

5.7
5.5
0

3

6

9

12

15

18

21

Hours after supplementation

Figure 1. Effect of supplementation with whole or ground maize on daily changes of rumen pH of steers
grazing high quality pastures during autumn. Bars represent ± standard error of the mean.

DISCUSSION
In our study dry matter forage degradability was influenced more by type of pasture than by feeding a
supplement of maize. The degradation rate of forage dry matter and the total degradable fraction were
greater for the mixed pasture than for the oats. The chemical composition of the forages (Table 1)
indicates that the oats had higher concentration of insoluble NSP than the mixed pasture and it is likely
that this was responsible for its lower rate of dry matter degradation.
There was no evidence that supplementation with maize at the levels used in this experiment
significantly reduced rumen pH even when the grain was ground. It is therefore not surprising that
maize supplementation also had no significant effect on the rate of forage dry matter degradation.
Rumen fluid pH was significantly affected by the time of the day with the lowest pH values of
between 5.9 and 6.3 occurring between 6 and 12 hours after the cattle started grazing new daily
pasture strip. Low rumen pH values for animals grazing on oats were previously reported by Favre et
al (1992) who also did not find any additional effect on pH when supplementing these animals under
similar conditions. It has been suggested that cattle grazing oats can suffer sub-clinical acidosis
(Rearte and Santini 1989 cited by Favre 1992), and that this could impair fibre digestion. For the
control treatment it is probable that a higher forage intake rate when they were moved to a new strip
could generate a reduction in rumen pH similar to that of animal receiving supplement.
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MARKETING APPROACH CRITICAL TO THE DIFFUSION OF REMOTELY SENSED
PASTURE MANAGEMENT TECHNOLOGIES
J.N.SNEDDON and T. MAZZAROL
Graduate School of Management, University of Western Australia, Crawley, WA 6009

SUMMARY
The successful commercialisation of innovations such as remotely sensed feed-on-offer (FOO) and
pasture growth rate (PGR) technologies (Henry et al, 2002, this volume) requires an understanding of
the characteristics market into which the technology is being transferred. The commercialisation of
FOO-PGR technologies in the wool production sector requires a marketing approach to identify those
producers most likely to adopt these technologies, how they may use them on farm and how the
message about these technologies may be diffused effectively.
Keywords: feed-on-offer, pasture growth rate, remote sensing
INTRODUCTION
Accurate assessment of feed-on-offer and pasture growth rates in strategic feed budgeting has the
potential to enable producers to increase pasture utilisation and productivity (Michael 1997). Further,
there are wool quality (Oldham et al. 2002) benefits to encourage producers to ‘budget’ feed supply
and manage their pastures strategically.
A range of training and extension programs has been developed to overcome the lack of confidence in
pasture management techniques constraining producers. A recent survey of producers who had
attended the PROGRAZE pasture management training program found that only 45% of attendees
were using skills gained on the program in the management of their enterprise (MLA, 2000). Despite
high levels of support, the slow adoption of pasture management techniques may be attributed to lack
of producer confidence in quantifying feed available and lack of time available to assess pastures
across the whole farm (Sneddon et al. 2000).
Remotely sensed feed-on-offer and pasture growth rate technologies described by Henry et al (2002)
were developed to help develop the opportunities available for increased feed utilisation and the time
and confidence issues constraining the adoption of manual pasture management techniques.
In 2000, producer groups in south-west Western Australia were interviewed to determine the
feasibility of delivering remotely sensed pasture management technologies to producers as a
commercial service. This concept testing stage of the market research identified six features critical to
the adoption of the technology by producers. The minimum requirements of the producers interviewed
were, 1) pasture growth rate delivered weekly and feed-on-offer monthly, 2) data available within a
three day turnaround, 3) adjustment of pasture data for quality and botanical composition, 4) historic,
current and predictive data at the enterprise level, 5) automated feed budgeting tools, and 6) data
available in both map and text form. Any failure of the technology developers to achieve these
minimum requirements was considered to limit the value of the technology to end-users. The
minimum features of the technology determined in initial market concept testing provided a feedback
to technology developers regarding the attributes of the technology and supported the development of
a prototype system and recommended that this system be tested extensively in the field to develop a
cohesive marketing strategy for the technology.
This paper describes the market research assessing the delivery and application of the prototype
remotely sensed pasture management technologies, which was delivered through the WoolPro,
‘Measure as you Grow’ project to participants (Oldham et al. 2002).
MATERIALS AND METHODS
Market research for the remotely sensed pasture management technologies was undertaken in two
stages: 1) preliminary focus group interviews and a producer survey, and 2) multiple exploratory case
studies.
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Stage one
Focus group interviews were undertaken with five producer groups in south-west WA participating in
the field trial of remotely sensed pasture management technologies through the WoolPro ‘Measure as
you Grow’ project. Focus group interview methodology was selected as a useful means of exploring
issues in a group environment that would be less accessible in a one-on-one interview. These
interviews were undertaken to explore factors influencing the adoption of remotely sensed pasture
growth rate and feed-on-offer technologies. Focus group interviews were conducted with five groups
of wool producers in Badgingarra, Walebing, Arthur River, Brookton and Kojonup. These interviews
were structured around a common discussion schedule, which focused upon 6 key areas: 1) Relative
advantage of feed-on-offer and pasture growth rate (FOO-PGR) technologies over traditional methods,
2) Potential barriers to adoption of these technologies, 3) Technology design and delivery, 4) Potential
customers of these technologies, 5) Minimum performance requirements and, 6) Additional or
supplementary data requirements.
Stage one of this study also involved a quantitative survey of the focus group participants and a
random sample population of SW WA farmers. The survey was designed to provide background data
on the WA farming community and to further explore enterprise level factors that may influence the
adoption of remotely sensed FOO-PGR technologies as identified in the focus group interviews. The
survey measured farmer demographics, use of technology and the influence of farmer networks on
enterprise management. The survey employed a mix of measurement tools including rating scales and
open-ended questions.
Stage two
Stage two of the research study was undertaken using an exploratory, multiple case study design. The
units of analysis of these case studies were four wool producers from southwest WA selected from the
WoolPro ‘Measure as you Grow’ project. Case study design was employed to provide a rich picture of
the internal and external environment of the wool enterprise into which remotely sensed FOO-PGR
technologies may be adopted as it is an appropriate strategy for answering research questions which
ask how or why and which do not require control over the events (Robson 1993).
RESULTS
Stage one
The focus groups’ attitude towards adoption of remotely sensed FOO-PGR technologies was driven by
a combination of macro- and micro-level farming issues, as well as the attractiveness of the innovation
itself. Proving the relative advantage of innovations such as FOO-PGR over traditional management
practices is paramount to the adoption of these innovations. In the case of FOO-PGR, producers
perceived advantage to lie in the accuracy of the data, the ability to substitute a time-consuming onfarm endeavour, and the ability to manage remotely. The relative advantage of using these data could
be realised by driving enterprise costs down and increasing output value. For producers to adopt the
technology however, these advantages would have to be proven in terms of dollar value.
Although agronomic support was desirable, producers preferred FOO-PGR data to be delivered
directly to the farm office rather than via a third party. Direct delivery may not be appropriate for
farmers without training in the use of pasture estimation and feed budgeting techniques. However the
groups could not agree on whether a producer without this knowledge would be a potential customer.
Further discussion was raised as to whether remotely sensed FOO-PGR would actually act as a
substitute for the high level of grazing management knowledge diffused through programs like
PROGRAZE and WoolPro.
Several broad conclusions about the characteristics of the target market for remotely sensed FOO-PGR
technologies can be drawn from the survey findings. The responses of the pilot study participants
highlighted differences between the two groups. These differences can be used to determine market
segmentation variables and communication channels for FOO-PGR technologies.
The main differences between the survey groups were age and education, with lower average age and
higher education levels, greater use of consultants, training and computers among the focus groups
compared with the random sample group among the focus group participants.
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The survey findings also identified a number of potential channels of communication that the
developers of remotely sensed FOO-PGR technologies may utilise to diffuse message and media
strategies. The findings highlight the opportunity to utilise production oriented training programs, field
days, farm journals and the mass media as communication channels for the transfer of remotely sensed
FOO-PGR technologies. Opportunities for diffusion of the FOO-PGR technology lie within the
producers’ task networks. The surveys identified high levels of independent consultant use among
both the pilot study and random sample of producers. Since the majority of respondents do not
participate in groups, consultants potentially offer a direct route of communication to the producer.
Stage two
Results from the four cases indicated that the more sensitive an enterprise is to both adverse seasonal
and market conditions the greater the need for accurate and timely management data across the whole
farm. Producers whose enterprises were highly sensitive to external forces were more likely to respond
by adopting innovative grazing practices across their whole enterprise to maximise pasture utilisation,
whereas producers with opportunities in their pasture system would be slower to adopt these practices.
This study found that producers actively forward plan, yet three out of the four cases based plans upon
intuition rather than robust management information. Strong strategic management capabilities are
evident among the case study producers but formal planning is rarely undertaken. The lack of formal
planning may be a function of a lack of accurate and timely management information, lack of time or
lack of formal planning ability.
Producer group participation was found to be a key source of information, learning and influence for
the case study producers. This indicates that the developers of remotely sensed FOO-PGR
technologies should look to producer groups as a key source of technology championing, ongoing
innovation development and means of disseminating message and media strategies. The study also
found that relationships along the wool supply chain are poor and that lack of communication between
purchasers and suppliers has prevented market demand information regarding wool quality attributes
from reaching producers. Poor supply-chain integration is impacting upon the producers desire to
grow quality fibre and is likely to impact upon the producers propensity to adopt remotely sensed
FOO-PGR as a quality management tool.
DISCUSSION
The findings from this study provide the foundations of a marketing strategy for the remotely sensed
FOO-PGR technologies which is concerned with: 1) the characteristics of the target market to whom
this technology will be marketed, 2) design of the product, 3) positioning of the technology in the
market, 4) mechanisms and channels for distribution and, 5) promotion of the technology to both the
target market and the broader industry supply-chain.
1)

2)

3)

Target Market Segmentation As producers seek to manage external and internal constraints on
their enterprise they become, in effect, catalysts for change. The greater the impact of external
and internal forces on the enterprise the more likely they are to seek an innovative solution.
Producers will either go out of business, change enterprise type or change production activities.
Those producers that are motivated to change production activities in response to adverse
conditions represent the target market for remotely sensed FOO-PGR technologies. This study
indicates that the producer target market are likely to have an enterprise size of over 2000
hectares, employ more than one grazing management practice, undertake enterprise related
training, and participate in producer groups. Therefore the dimensions along which to segment
the market for FOO-PGR are both resource based, attitudinal and behavioural.
Product Positioning Producers operating at lower pasture utilisation rates may require greater
levels of education and support for them to see the benefits of remotely sensed FOO-PGR
technologies. Therefore two market entry strategies may be required for the technology as a risk
management tool, and to realise of opportunities within the enterprise pasture system.
Product Design As the findings suggest, if the producer cannot access FOO-PGR data on their
first attempt, they are not likely to try again. Therefore the developers of FOO-PGR have a small
window of opportunity through which to attract the potential user. As the successful adoption of
FOO-PGR technologies is likely to be contingent upon the ability of producers to access and
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4)

5)

utilise these data system developers must work closely with lead-users on all aspects of system
development. Positioning FOO-PGR, as a strategic management and planning tool will require
the design and trial of both on- and off-line planning support through extension providers. As
producers plan feed budgets (formally or informally) in spring, FOO-PGR maps and tables
should be bundled together with on-line historical property level performance data and off-line
strategic planning support during this planning period. The findings from this research study
demonstrated the need for the technology to be configured to allow this data to be highly userfriendly.
Distribution As highlighted in previous research (Sneddon et. al. 2000) the key to diffusion of
this technology will be focused education programs that assist the farmer to understand how the
technology works and can be applied. However, these are likely to be of limited value if they
continue to work via existing wool-focused agronomic extension programs. The critical issue is
likely to be the capacity for the technologies to be supported by an education program that
embraces 'whole of farm' business development.
Promotion Producers operate within active networks, which are made up of customers,
suppliers, colleagues and employees (Gibb 1996). This study found that producers are highly
influenced by independent consultants, advisors from trade suppliers and producer groups. For
the case study participants, producer groups provided support, information exchange and an
effective learning environment. The key players in the producers task network are likely to
influence their attitudes towards innovations such as remotely sensed FOO-PGR technologies
therefore it is critical that the developers of these technologies identify lead users and
technology champions within these groups to influence other producers. Off-farm task network
influencers in the form of agricultural consultants and trade advisors provide the opportunity for
the developers of remotely sensed FOO-PGR technologies to diffuse messages about the
technology to a broad range of producers. It is critical therefore that the developers of FOO-PGR
technologies identify key off-farm influencers and develop relationships with them to support
process.
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SUMMARY
A selection of muscles from male Eastern Grey kangaroos was assessed for myofibre type. Myofibres
were classified as slow-oxidative (type I), fast-oxidative-glycolytic (type IIA), fast-glycolytic (type
IIB) and intermediate types (IIC and IIAB) based on staining with monoclonal antibodies specific to
myosin heavy chain isoforms. Classification using these antibodies was validated with myofibrillar
adenosine triphosphatase, nicotinamide adenosine dehydrogenase, and ∝-glycerophosphate
dehydrogenase staining. The most abundant myofibre type in the muscles studied was type IIB-fastglycolytic, with the exception of M. psaos minor. Staining characteristics for myofibres were similar to
other mammalian species apart from type IIA, which did not react with the type II (fast) antibody used
in this study.
Keywords: myofibres, muscle fibre type, muscle, macropod
Abbreviations: MHC, myosin heavy chain; mAbs, monoclonal antibodies; mATPase, myofibrillar
adenosine triphosphatase; NADH, nicotinamide adenosine dehydrogenase; GPD, ∝-glycerophosphate
dehydrogenase
INTRODUCTION
Skeletal muscle is an extremely heterogeneous tissue composed of a variety of fast and slow fibre
types and subtypes. Muscle fibres can be classified according to their metabolic, contractile and colour
properties and there exists an array of classification schemes and nomenclature. According to Pette
and Staron (2000), the most informative methods to delineate muscle fibre types are based on specific
myosin profiles, especially the MHC isoform complement. The classification of kangaroo muscle has
been previously carried out by Dennington and Baldwin (1988) and Zhong et al. (2001) using
histochemical techniques and mAbs, respectively. Collectively, these papers classified the M. tibialis
cranialis and the major extensor muscles of the macropod tibio-tarsal articulation.
In the present study a selection of antibodies against MHC isoforms typically used to study muscle in
livestock species was chosen to facilitate the classification of kangaroo muscle fibres as type I, IIC,
IIA, IIAB and IIB. These findings were validated using mATPase, NADH, and GPD staining. Six
hindquarter muscles (M. gluteus medius, M. vastus lateralis, M. biceps femoris, M. adductor, M.
semitendinosus, M. semimembranosus), one tail muscle (M. sacrocaudalis dorsalis lateralis), and one
supportive lumbar muscle (M. psaos minor), were examined. These muscles were studied because of
their potential economic importance for meat production.
MATERIALS AND METHODS
Animals, muscles and sample preparations
Five male Eastern Grey kangaroos were field harvested between 23:00 and 02:00h over two nights
using an accredited commercial kangaroo harvestor. The dressed weight (bodyweight minus the
contents of the gastrointestinal tract) ranged from 16 to 30kg, with a mean (±SD) weight of 23±5kg.
Eight muscles were sampled from each of the 5 animals approximately 7 hrs post-mortem. For each
muscle, a specific sampling site was chosen (Table 1). Muscle blocks (1 to 2cm3) were trimmed of
epimysium and adipose tissue and mounted on cork tiles using 5% gum tragacanth (w/v in ddH20).
They were immediately frozen in isopentane, which was frozen in liquid nitrogen, and then stored at 70oC.
Transverse 10µm serial sections were cut from the frozen muscle blocks using a cryostat microtome at
-25oC, and mounted on glass slides. Sections were air dried at room temperature and stored at -20oC.
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Table 1. Descriptions of the sampling sites of the 8 muscles dissected from the carcase
Muscle
M. psaos minor (PM)
M. sacrocaudalis dorsalis lateralis (SAC)
M. semitendinosus (ST)
M. vastus lateralis (VL)
M. biceps femoris (BF)
M. adductor (AD)
M. gluteus medius (GM)
M. semimembranosus (SM)

Site of sampling within the muscle
Central portion
Dorsal portion from the sacral part of the muscle
Proximal portion
Central portion
Proximal portion
Central portion
Cranio-distal portion
Central portion

Immunohistochemistry
Immunohistochemical analysis was carried out on serial sections using mAbs against MHC (Picard et
al. 1998). Anti-slow MHC mouse monoclonal antibody (clone MHCs; Novacastra, Newcastle-uponTyne) was used to identify type I fibres; MY-32 anti-fast MHC antibody (Sigma Chemical Co. St.
Louis, Missouri) for type II fibres; and mAb S5 8H2 (gift from Dr Brigitte Picard, INRA, Thiex,
France) for the identification of type I and IIB myofibres. Antibodies were detected using a labeledstrept-avidin-biotin (LAB-SA) system with the substrate-chromagen DAB (Zymed Laboratories,
South San Francisco, California). Individual myofibres were compared across serial sections and
classified as type I, IIC, IIA, IIAB or IIB (Picard et al. 1998). Table 2 summarises the classification
system used based on staining characteristics for kangaroo muscle.
Table 2. Differential staining using three monoclonal antibodies. ++ indicates strong staining, + indicates
intermediate staining, and - indicates no staining.
Type MHC

Clone
I
IIC
IIA
IIAB
IIB
MHCs
++
+
++
++
MY-32
+
-*
S5 8H2
++
+
+
++
Anti-I+IIB
*
No staining, but for sheep (Greenwood et al. 2000) and cattle (Greenwood, unpublished results) a strong reaction occurs for
type IIA MHC.

Anti-I
Anti-II

Histochemistry
Histochemical analyses were undertaken to validate MHC immunostaining classification. The
contractile properties of myofibres were determined by staining for mATPase activity (Padykula and
Herman 1955; Guth and Samaha 1970). This activity was revealed at pH 9.4 following acid preincubations (range pH 4.1 to 4.8 at increments of 0.1 pH units) for five minutes, or alkaline preincubation (range pH 10.2 to 10.4) for 10 minutes. Myofibres that showed mATPase activity at an
optimal acidic pH value of 4.3 were classified as slow-twitch fibres, those reacting strongly at an
optimal alkaline pH value of 10.3 or 10.4 were classified as fast-twitch fibres, and fibres reacting
positively following acid or alkali pre-incubation as type IIC. The metabolic properties of myofibres
were determined using staining characteristics for NADH (Novikoff et al. 1961) and GPD
(Wattenburg and Leong 1960).
Image Analysis
Muscle sections were viewed with a Leica compound microscope (DMLB, Germany) using bright
field microscopy. Images were captured using a Spot RT colour camera (Diagnostic Instruments,
Michigan) and analysed using Spot RT Software v3.1 (Diagnostic Instruments, Michigan). The
prevalence of each fibre type as a percentage of myofibres was measured manually from the serial
sections using two randomly selected regions, each containing a minimum of 100 cells.
Statistical analysis
The statistical package SAS v8.2 (SAS Institute) was utilised. The differences between muscles within
fibre type were analysed using a mixed model procedure with muscle as the fixed effect and animal as
a random effect. These differences were then analysed using the differences of least squares means.
RESULTS AND DISCUSSION
Myofibre staining characteristics
Myofibre staining characteristics are presented in Figure 1.
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Figure 1. Immunohistochemical (antitype I, II and I+IIB MHC) and
histochemical (GPD, NADH and
mATPase) serial staining
characteristics of kangaroo M.
sacrocaudalis dorsalis lateralis (see
Immunohistochemistry and
Histochemistry sub-sections of
Materials and Methods).
Myofibre sub-types are: I, type I; C,
type IIC; A, type IIA; AB, type IIAB;
B, type IIB.

Type I myofibres stained positively for the anti-type I MHC and anti-types I+IIB MHC. Type IIC
stained positively for all three mAbs. Type IIB stained positively for the anti-type II and type I+IIB
MHC, as did type IIAB myofibres but with reduced staining intensity. Type IIA myofibres were
negative for all 3 mAbs and required histochemical staining profiles to prescribe functionality to this
fibre type. This class of myofibre showed weak GPD staining and a strong reaction to the NADH
stain, which is indicative of strong oxidative potential. These fibres also showed weak reactivity
following acidic pre-incubation but strong reactivity following basic pre-incubation, thereby
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characterising them as fast-twitch myofibres. Hence, these myofibres were classified as type IIA. The
finding of non-specificity of the fast MHC antibody suggests a unique type IIA isoform in macropod
muscle compared to other mammalian species including livestock. This finding is not consistent,
however, with those of Zhong et al. (2001), who showed that kangaroo limb muscles express the same
fast MHC sub-types as the cat, baboon, and rodent species. Irrespective, the findings of the present
study highlight the importance of validating immunostaining with histochemical techniques.
Myofibre Type Distribution
Table 3 shows the fibre type distribution for each muscle. The eight muscles studied contained
predominantly type IIB fibres followed by type IIA; the exception was the M. psoas minor. This
indicates that kangaroos display considerable potential for both aerobic and anaerobic ATP
production. The M. psoas minor displayed a significantly higher proportion of type I fibres (p<0.01)
compared to the other muscles analysed in this study. It therefore has a higher oxidative potential,
consistent with this muscle being a supportive/postural muscle in the kangaroo, as muscles involved in
posture are more oxidative than those involved in movement (Totland and Kryvi 1991).
Table 3. Muscle fibre type percentages in 8 kangaroo muscles. Values are means ± SD for 5 animals.
Muscle1

Fibre type (%)
I (SO)2

PM

31.9 ± 3.2

SAC

8.1 ± 2.0

ST
VL

7.2 ± 1.1
6.1 ± 2.4

BF
AD

4.4 ± 2.6
2.8 ± 1.2

IIC (FOG/SO)
__
0.1 ± 0.1
__

IIA (FOG)

IIAB (FOG/FG)

IIB (FG)

30.2 ± 7.5

3.0 ± 3.4

34.9 ± 3.6

35.3 ± 14.2

10.7 ± 6.8

45.9 ± 14.0

0.3 ± 0.6

28.0 ± 3.3
27.0 ± 9.5

5.3 ± 3.1
10.6 ± 6.2

59.5 ± 4.2
56.1 ± 13.4

0.5 ± 1.2
__

34.8 ± 13.2
32.6 ± 10.0

11.4 ± 4.5
12.4 ± 3.0

48.9 ± 12.9
52.3 ± 12.3

GM
2.1 ± 0.8
0.1 ± 0.2
24.5 ± 7.2
10.8 ± 5.0
62.5 ± 11.0
SM
1.5 ± 1.2
0.1 ± 0.2
32.0 ± 10.1
7.5 ± 3.9
59.0 ± 11.8
1
See Table 1 for details of muscles studied; 2SO=Slow-oxidative, FOG=Fast-oxidative-glycolytic, and FG=Fast-glycolytic

CONCLUSION
The results from this study add to the knowledge base on muscle metabolism in macropods by
providing a detailed classification of kangaroo muscle fibre types in an array of muscles of potential
economic importance. This information will be important in understanding factors that impact on postmortem metabolism, and hence, eating quality of kangaroo muscle. This study also highlights the
importance of validating classification techniques when determining myofibre characteristics using
MHC antibodies.
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SUMMARY
Two experiments were undertaken to compare the use of pre- and post-grazing sampling of herbage
and a cage technique for estimating the concentrations of nutrients consumed by dairy cows grazing
pasture in Victoria. The two techniques were compared through spring, summer and autumn in an onfarm monitoring project (experiment 1) and in a controlled experiment where grazing intensity was
varied in spring (experiment 2). In experiment 1, there were no significant (P>0.05) differences
between techniques in relation to the nutritive characteristics of the herbage consumed, with the
exception of herbage calcium. The calcium concentrations of the cage herbage samples were
significantly (P<0.05) higher than those calculated from pre- and post-grazing measurements. In
experiment 2, when grazing was hard, both methods of estimating the in vitro DM digestibility of the
pasture consumed produced similar (P>0.05) estimates. When grazing was lax, the estimated
digestibility using the pre/post method was 13 digestibility units higher (P<0.05) than that estimated
using the simulated grazing cuts from herbage protected from grazing by cages. In contrast, there
were no differences (P>0.05) in crude protein content of the pasture eaten. In conclusion, the cage
technique will generally give the most acceptable results, but the sampling of pre- and post-grazed
herbage seems to be suitable in all situations except under lax grazing conditions where the removal of
small amounts of herbage necessitates more extensive sampling than was undertaken here.
Keywords: nutritive characteristics, herbage consumption, dairy cattle
INTRODUCTION
It is important to know the concentrations of nutrients in herbage grazed by dairy cows so that the
many expensive supplements used on dairy farms in southern Australia can be used efficiently. There
are several methods available for estimating the nutrient concentration of pasture consumed by grazing
animals. The pre- and post-grazing method is the most common method used in dairy research in
southern Australia where lactating cows are offered fresh strips of pasture once or twice a day
(Kellaway et al. 1993; Dalley et al. 1999; Stockdale et al. 2001). Alternative techniques include
plucking samples to grazing height from the sward prior to grazing (Langlands 1974).
The alternative techniques have come under consideration since, on occasions, the pre/post sampling
technique can result in unrealistic data. A variation on the plucking technique is to use cages to
prevent stock from interfering with small areas of pasture while grazing the rest of the paddock, then
plucking (cutting) the untouched material to a level consistent with the grazed pasture adjacent to it.
Laboratory analyses can then be conducted on the plucked material with the assumption being that this
is the herbage actually ingested by the cows. These two techniques were compared in two
experiments, one in an on-farm monitoring project in northern Victoria and the other in a controlled
experiment in southern Victoria where grazing intensity was varied.
MATERIALS AND METHODS
Experiment 1
The pastures on four dairy farms were intensively sampled over a 9-month period (Stockdale et al.
2001). Each farm was visited for a week each month, from September 1996 to May 1997. On 4 days
of each week, a quadrat (0.245 m2) was cut to ground level in the paddock the cows were to graze
next. Within each quadrat, rising plate meter height (Earle and McGowan 1979), mass and nutritive
characteristics (organic matter, in vitro DM digestibility (DMD), nitrogen (N), neutral detergent fibre
(NDF), acid detergent fibre (ADF), and macro-minerals) of the pasture were measured. At the time
that each quadrat was cut, a ‘paired’ quadrat was marked with pegs so that, after the paddock had been
grazed, measurements similar to those made for the ungrazed pasture could be repeated for the
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residual herbage. When the paired quadrats were selected each day, a third similar quadrat was
enclosed by a cage to exclude stock, being subsequently cut to the height to which the post-grazing
quadrat had been grazed.
After measuring the rising plate meter height of each quadrat, all plant material was removed by
cutting to ground level with hand shears. Herbage mass was determined by drying the sample at 60oC
for 3 to 7 days in a forced draught oven. Each sample was then ground through a 1 mm screen, and
analysed for its nutritive characteristics.
Samples were analysed for organic matter, by ashing in a muffle furnace at 520oC for 3 hours, DMD
by pepsin-cellulase digestion (Clarke et al. 1982), and total N using a Leco FP-428 (Leco Australia
Pty Ltd). Crude protein content was calculated using N% x 6.25. Neutral detergent fibre and ADF
were determined using a modification of the methods described by Van Soest et al. (1991), whereby
the amylase steps were omitted because the samples filtered freely. Samples were also analysed for
phosphorus, potassium, calcium, magnesium, sodium, sulphur and chlorine with an automated X-ray
fluorescence spectrometer (PW 1404, Philips Scientific and Industrial Equipment), using a method
based on the work of Hutton and Norrish (1977) and Norrish and Hutton (1977). Any data with
organic matter values greater than 13% were discarded since this level was used as an indicator of soil
and/or faecal contamination.
Nutrient concentrations in the pasture eaten were calculated from differences between the pre- and
post-grazing characteristics using an equation described by Wales et al. (1998):
Nutrienteaten (% DM) = [(Herbage Masspre x Nutrient Concentrationpre) - (Herbage Masspost x
Nutrient Concentrationpost)]/(Masspre - Masspost).
With the cage technique, the nutrient concentrations in the pasture consumed were obtained directly
from the chemical analyses.
The data on nutritive characteristics of the herbage consumed were analysed by two-way analysis of
variance with no blocking (Genstat V). Technique and season of the year were the 2 variables in this
analysis. In almost all cases, there was a significant (P<0.01) effect of season, but the interaction
between season and technique was not significant (P>0.05) in any instance. Therefore, only results for
the technique comparison are presented.
Experiment 2
Experiment 2 was conducted in southern Victoria during August 1995. The experimental design was a
2 x 2 factorial, with two intensities of grazing (lax and hard) and two methods of estimating the
concentrations of nutrients consumed by cows. The experimental area was comprised of a 1-hectare
paddock of perennial ryegrass (Lolium perenne)/white clover (Trifolium repens) pasture, divided in
two from north to south. On one occasion, the west side of the paddock was grazed with lactating
dairy cattle for 12 hours while the east side was grazed with the same cows for a 24-hour period.
Prior to the cows entering the treatment areas, 20 protection cages (0.25 m2) were randomly placed
throughout each of the two areas to protect the pasture beneath from being grazed. At the same time,
an electric shearing handpiece was used to cut the pasture within a 0.2 m2 quadrat adjacent to each
cage to ground level. These samples were washed in cold water and dried at 65oC for 48 hours.
Following grazing, a second quadrat adjacent to each cage was harvested and treated as per the pregrazing quadrat. The cages were then removed and the pasture beneath cut to heights representative of
the surrounding area. These samples were also washed in cold water prior to drying at 65oC for 48
hours.
All herbage samples were analysed for DMD (Clarke et al. 1982) and Kjeldahl N. Similar
calculations were performed as in experiment 1 and the data were analysed as a 2*2 factorial analysis
of variance using Genstat V.
RESULTS
Experiment 1
There was a good relationship between post-grazing rising plate meter heights with the two techniques
(Figure 1). The average amounts of herbage removed (±s.d.) were 1032 (±451.6) and 1030 (±640.9)
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Rising plate meter height (Pre minus Post)

kg DM/ha for the cage and the difference techniques, respectively. Table 1 provides the results of the
comparison between the two techniques. There were no significant differences between techniques in
relation to the nutritive characteristics of the herbage consumed, with the exception of herbage
calcium. The calcium concentrations of the cage samples were significantly higher than those
calculated from pre- and post-grazing measurements.
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Figure 1. The relationship between post-grazing rising plate meter heights for the cage and the pre/post
techniques in experiment 1
Table 1. Comparisons of the nutritive characteristics of herbage consumed (% DM) obtained either from
plucking material that remained under a cage after the sward had been grazed or from calculations
involving pre- and post-grazed herbage in experiment 1
Nutritive characteristic

A, B

Technique
Cage
Pre – Post
In vitro DM digestibility
74.3
74.2
Crude protein
20.2
20.1
Neutral detergent fibre
47.3
46.2
Acid detergent fibre
25.8
26.6
Phosphorus
0.32
0.33
Potassium
2.09
1.97
0.61B
Calcium
0.49A
Magnesium
0.31
0.33
Sodium
0.58
0.57
Sulphur
0.28
0.26
Chlorine
1.39
1.32
Values in rows followed by different superscripts are significantly different (P<0.05)

s.e.d.
0.96
0.76
1.82
0.87
0.014
0.136
0.038
0.014
0.070
0.017
0.113

Experiment 2
Due to the uneven nature of the paddock being grazed, there were differences in the pre-grazing
heights and masses of the two areas (Table 2). Despite these differences, the lax grazing removed
approximately 690 kg DM/ha compared with 900 kg DM/ha during the hard grazing. When grazing
was hard, both methods of estimating the DMD of the pasture consumed produced similar estimates.
However, when grazing was lax, the estimated DMD using the pre/post method was 13 digestibility
units higher than that estimated using simulated grazing by cutting to grazing height (Table 3). In
contrast, there were no differences (P>0.05) between techniques in crude protein concentration of
herbage consumed.
Table 2. Height (according to the rising plate meter) and mass of the pasture before and after grazing in
experiment 2

A, B

Grazing intensity
Lax
Hard
Pre-grazing height (cm)
8.4A
5.3B
A
Post-grazing height (cm)
4.3
2.2B
1850B
Pre-grazing mass (kg DM/ha)
2540A
950B
Post-grazing mass (kg DM/ha)
1850A
Values in rows followed by different superscripts are significantly different (P<0.05)
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s.e.d.
0.68
0.32
158
97
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Table 3. Comparisons of the nutritive characteristics of herbage consumed (% DM) obtained either from
plucking material that remained under a cage after the sward had been grazed or from calculations
involving pre- and post-grazed herbage at each grazing intensity in experiment 2
Nutritive characteristics

A, B

Lax grazing
Hard grazing
s.e.d.
Cage
Pre – Post
Cage
Pre – Post
In vitro DM digestibility
82.4A
94.6B
82.6
85.3
4.12
Crude protein
20.2
21.3
20.0
19.1
1.92
Values in rows, at a particular grazing intensity, followed by different superscripts are significantly different (P<0.05)

DISCUSSION
In experiment 1, the technique of sampling pasture before and after grazing to assess the pasture
nutrients consumed by cows was comparable with the cage technique, providing ash contents were
measured so that the results of samples with unacceptably high organic matter loads could be
discarded. However, it is unclear why the results for calcium were the exception.
The results of experiment 2 clearly showed that lax grazing, where grazing is likely to be more
variable than with harder grazing, results in unacceptable results when the pre/post technique is used.
One reason for this is likely to be the large amount of sampling that would need to be undertaken to
account for the high levels of variability generally seen in laxly grazed pasture. Wales et al. (1998)
studied the herbage consumption of cows with daily pasture allowances ranging from 15 to 75 kg
DM/cow and obtained realistic values at all allowances. However, their sampling regimes included
daily sampling that increased as herbage allowance increased. Although Popp et al. (1999) considered
soil contamination to be a disadvantage with the herbage sampling techniques, washing and ashing
allowed us to avoid this problem thereby removing it as a confounding factor in the assessment of
techniques.
While the plucking technique appears logical and easy, the ability to be able to pluck (cut) to the
height to which cows have grazed is often difficult, particularly with short pasture. However, the
generation of unrealistic results will be less of an issue with the cage technique than with the pre/post
technique. In conclusion, the cage technique will generally give the most acceptable results, although
the sampling of pre- and post-grazed herbage seems to be suitable in all situations except under lax
grazing conditions, where the removal of small amounts of herbage will necessitate more extensive
sampling than was undertaken here.
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YIELD AND CARCASS CHARACTERISTICS OF IMPROVED BOER AND AUSTRALIAN
FERAL GOATS SLAUGHTERED AT 30 KG LIVE WEIGHT
J. SUMARMONO, N.M.W. PRATIWI, P.J. MURRAY AND D.G. TAYLOR
School of Animal Studies, The University of Queensland Gatton QLD 4343 Australia

SUMMARY
With the objective of evaluating the yield and carcass characteristics of full blood Improved Boer (B)
and feral (F) goats, a total of 20 male kids that grazed on pastures, and supplemented with grassy
lucerne hay and ad libitum weaner goat pellets (12.3 MJ ME and 18 % CP per kg DM) were
slaughtered at 30 kg live weight. At the start of the experiment six-month old kids of each breed were
either left entire (E) or castrated (C) using elastrator rings. BE and BC reached 30 kg live weight
significantly at younger ages than FE and FC (256, 258, 326 and 350 days, respectively). Carcasses
from BC kids had significantly higher empty bodyweights, carcass weights and dressing percentages
than carcasses from BE goats. These differences were not detected for feral bucks. Overall, goat
carcasses in this trial contained 70.5% muscle, 9.5% dissectible fat and 17.6% bone. Carcasses of Boer
goats, both entire and castrated, had higher carcass conformation scores than those of feral carcasses.
Breed and castration had no significant effect on the proportion of muscle. More fat was stored
between muscles (intermuscular fat) than between the muscles and the skin (subcutaneous fat). BE
carcasses had significantly lower total dissectible fat and higher bone proportion than other groups.
The higher proportion of bone in BE carcasses resulted in lower muscle to bone ratio.
Keywords: goat, Improved Boer, feral, carcass composition, castration, growth
INTRODUCTION
Feral goats have been Australia's main source of live goat and goat meat exports. The growing demand
for goat meat with desirable quality characteristics cannot be met by the opportunistic harvesting of
feral goats (Mitchell 1982; Black 1998). This has led to the introduction of the Improved Boer goat
and crossbreeding with other established goat breeds such as the Angora, Saanen and feral (Dhanda et
al. 1999a, b; Husain et al. 2000a,b). In South Africa, the Boer has been reported to have superior
growth rates, carcass yield and carcass characteristics than any other breeds (Van Niekerk and Casey
1988; Malan 2000). In October 1995 after five years under quarantine, approximately 3,000 Improved
Boer goats were released and distributed throughout Australia to improve goat meat production
(Johnson 1999). Crossbreeding Boers with other breeds was reported to improve growth rates and
overall carcass characteristics in the first and second cross offspring (Dhanda et al. 1999 a, b; Husain
et al. 2000 a,b). There is little doubt that Boer goats will have a major influence on the future of goat
meat production in many countries. There is, however, very limited published information on the yield
and carcass characteristics of full blood Improved Boer bucks reared outside South Africa and
specifically under Australian conditions and management practices. Their superior performance and
ability to produce carcasses and meat with desirable quality characteristics need to be investigated and
compared with breeds of goats that have been well adapted to local conditions. Therefore, the
objective of this study was to evaluate the yield and carcass characteristics of entire and castrated full
blood Improved Boer bucks and ferals slaughtered at 30 kg live weight.
MATERIAL AND METHODS
Experimental animals, diet and management
This trial used 10 full blood Improved Boer bucks and 10 Australian feral bucks initially
approximately six months of age with an average initial live weight of 24.3 ± 0.95 kg for castrated
groups and 27.3 ± 0.95 kg for entire groups. Half the bucks of each breed were castrated using
elastrator rings. All goats were reared on a Rhodes grass-dominatedpasture with an additional supply
of grassy lucerne hay (75-125 kg/day) and ad libitum access to commercial weaner goat pellets (12.3
MJ ME and 18% CP per kg DM). Fecal egg counts were measured regularly and goats drenched as
necessary with Levamisole (32 g/l levamisole hydrochloride, Nilverm™). All goats were vaccinated
against clostridial diseases and caseous lymphadenitis (GlanvacTM 6 in 1 vaccine) at the beginning of
the experiment and then every six months.
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Procedures
Slaughter and dissection When animals reached the target slaughter weight of 30 kg they were
confined in a holding yard off feed with access to drinking water for 18 hours before slaughter.
Slaughter weights were recorded before and after fasting (fasted live weight, FLW) and then goats
were slaughtered using standard commercial techniques at the University of Queensland’s abbatoir.
Loss of body weight was calculated as the difference between the weight before and after fasting. The
dressed carcass composed of the body after removing the skin, head (at the occipito-atlantal joint),
fore feet (at the carpal-metacarpal joint), hind feet (at the tarsal-metatarsal joint) and the internal
organs (Dhanda et al. 1999a). Internal organs were weighed immediately after removal as well as the
weight of kidney/pelvic and omental fat depots. Empty body weight (EBW) was calculated as the
difference between fasted slaughter weight and weight of gastrointestinal tract contents. Hot carcass
weight (HCW) was determined approximately an hour and a half after slaughter and cold carcass
weight (CCW) was determined 24 hours after chilling at 20C. Loss in carcass weight was calculated
as the difference between hot and cold carcass weight. Dressing percentage (DP) was expressed as the
proportion of HCW to EBW and FLW. Chilled carcasses were split along the vertebral column
midline into left and right halves using a band saw. One half of the carcass was cut into five
commercial cuts following the standard procedures proposed by Colomer-Rocher et al. (1987) and
then dissected into dissectible muscle, fat (subcutaneous and intermuscular fat, separately), bones and
remainder (ligament, connective tissues, etc). All dissection was completed within 78 hours after
slaughter in a temperature-controlled room.
Measurements Carcass length was measured from the posterior edge of the pubic symphysis to the
upper part of the anterior edge of the first rib. Subcutaneous fat thickness, carcass conformation and
visual fat cover scores were measured and assessed on the cold carcass. Subcutaneous fat thickness
was recorded using a caliper at the rump (2 cm lateral to 3rd sacral vertebra) and the 12/13th rib.
Scoring of body condition was done using the standard for body condition scoring as described by
Mitchell (1986) while carcass conformation was assessed using a 15 point scale (1: very thin to 15
very thick and bulging) as described by Oman (1999). Visual fat cover (1:low fat to 5: very high) and
kidney fat (1:little to 3:excessive) were assessed as described by Colomer-Rocher et al. (1987).
Data analysis
All data recorded were analyzed using General Linear Model procedures and differences between
means were compared using Tukey's Studentized Range (HSD) Test (SAS INSTITUTE INC. 1988).
Effects fitted in the model included breed effect, castration effect and appropriate interactions.
RESULTS
Results are summarised in Table 1. The slaughter age of both Boer groups was significantly lower
than for the feral bucks. Entire bucks were younger than castrated bucks when slaughtered, although
in feral goats the differences were not significant. Fasted live weight and weight lost over 18 hours
without feed were similar among all four groups, however the EBW, HCW, CCW and DP for the Boer
bucks were significantly lower than those of feral bucks. All goats lost about 7% of their body weight
due to fasting and their carcasses lost about 1.7% of their weight due to dehydration during cooling at
2oC for 24 hours. The castrated goats had slightly thicker subcutaneous fat over the rump than entire
goats (1.6 vs. 1.0 and 2.3 vs. 1.2 in Boer and feral groups, respectively) although for visual fat cover
and kidney fat assessments there were no significant differences between the groups. Feral bucks
tended to have longer carcasses than Boer bucks. The scores for the body condition of BC bucks were
higher than BE and feral bucks and all Boer buck groups had better conformation scores than feral
buck groups. The proportion of muscle was similar among groups and entire goats deposited less total
fat on their carcasses than castrated bucks. More fat was stored between muscles (intermuscular) than
between the muscles and the skin (subcutaneous) in all groups. BE bucks had a significantly higher
proportion of bone in the carcass and lower muscle to bone ratio than other groups.
The proportions of empty body weight made up by the head, heart, lungs and kidney were not
significantly different between groups but Boer bucks had heavier feet than feral bucks (Table 2). The
BE bucks also had significantly heavier empty gastrointestinal tracts than other buck groups. Feral
goats, both entire and castrated, tended to store more internal fat (kidney/pelvic and omental fat stores)
than Boer goats.
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Table 1. Least square means ± standard error (SE) of slaughter data and carcass characteristics of entire
and castrated Improved Boer and feral goats slaughtered at 30 kg live weight
Boer
Entire
205.8a
30.5a
28.8a
5.6a
22.7a
11.7a
11.3a
2.9a

Feral
Castrated
257.8b
32.0a
29.4a
8.1a
26.1b
14.3b
14.2b
0.8b

Entire
326.4c
31.8a
29.7a
6.6a
26.6b
15.1b
14.9b
1.4ab

SE
Castrated
350.0c
32.0a
29.6a
7.5a
26.8b
14.9b
14.7b
1.7ab

Slaughter age (days)
Full live weight (kg)
Fasted live weight (kg)
Weight lost over 18 hours (%)
Empty body weight (kg)
Hot carcass weight (kg)
Cold carcass weight (kg)
Loss in carcass weight (%)
Dressing percentage (%)
48.7b
50.8b
50.6b
- as proportion of FLW
40.6a
a
ab
b
54.9
56.9
55.9b
- as proportion of EBW
51.6
a
ab
c
65.3
68.5
67.8bc
Carcass length (cm)
64.1
Subcutaneous fat thickness (mm)
1.6ab
1.2a
2.3b
- Rump
1.0a
1.3a
1.0a
1.4a
- 12/13 ribs
0.9a
Scoring
2.9b
2.3a
2.3a
- Body condition
2.0a
7.4a
5.2b
5.3b
- Carcass conformation
7.2a
1.9a
1.6a
2.0a
- Visual fat cover
1.4a
2.0a
1.9a
1.9a
- Kidney fat
2.0a
Dissectible component (%)
69.2a
71.9a
70.4a
- Muscle
70.3a
11.9b
8.9ab
10.4b
- Total dissectible fat
6.8a
2.8b
1.9ab
2.8b
a. Subcutaneous fat
1.4a
9.1b
7.1ab
7.7ab
b. Intermuscular fat
5.5a
- Total bones
20.0a
16.7b
17.0b
16.8b
2.1a
2.2a
2.3a
- Remainder
2.9a
a
b
b
4.1
4.2
4.2b
Muscle to bone ratio
3.5
abc
Means in the same row sharing a common letter in the superscript are not significantly different (P>0.05)

8.52
0.39
0.39
0.83
0.39
0.23
0.22
0.40
0.76
0.97
0.66
0.22
0.19
0.13
0.45
0.21
0.07
0.84
0.84
0.25
0.64
0.34
0.20
0.09

Table 2. Least square means ± standard error (SE) of non-carcass parts of entire and castrated Improved
Boer and feral goats slaughtered at 30 kg live weight1
Boer
Entire
8.6a
3.2a
7.8ab
0.8a
0.5a
1.8a
1.2a
0.3a
16.1a

Feral
Castrated
8.2a
3.1a
7.3bc
0.5a
2.5b
1.2a
0.4a
13.9ab

Entire
9.0a
2.8b
8.1a
0.7a
0.5a
2.3ab
1.3a
0.4a
11.2b

SE
Castrated
8.0a
2.7b
6.6c
0.5a
2.0ab
0.9a
0.4a
13.9b

Head
Feet
Skin
Testes
Heart
Liver
Lungs
Kidney
Gastrointestinal tracts (empty)
Internal fat:
0.8ab
0.8ab
0.9b
- Kidney and pelvic fat
0.4a
a
ab
b
1.2
1.5
1.7b
- Omental fat
0.5
ab
Means in the same row sharing a common letter in the superscript are not significantly different (P>0.05)
1
Calculated as a proportion to EBW (%)

0.25
0.07
0.20
0.07
0.03
0.14
0.12
0.03
0.77
0.12
0.21

DISCUSSION
The fact that Boer groups reached 30 kg slaughter weight at a significantly younger age than feral
groups indicates that Boer bucks grow faster than feral bucks. The growth of Boer bucks has been
reported to be almost double the growth of feral bucks when reared under Australian conditions
(Murray et al. 2001). Castration also increased the time to reach slaughter weight and thus reduced
growth rates. In this study, DP was expressed as the proportion of HCW to FLW and EBW.
Warmington and Kirton (1990) suggested that to eliminate the variation in gut content, DP should be
calculated on the basis of EBW. However, DP as a proportion to preslaughter liveweight (FLW) was
also calculated because it could be more practical at commercial scales. DP as a proportion of EBW
will be used for discussion of this paper unless otherwise stated. Boer goats, especially entire bucks
had lower DP than feral bucks (53.3 vs. 56.4%). This result confirmed the finding of Husain et al.
(2000a) who reported that first cross Boer and feral kids had lower DP than pure feral kids. Several
factors contributed to the differences in DP. Firstly, due to the differences in the proportion of empty
digestive tracts, which in this case BE was higher than other groups. Secondly, the stage of maturity
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as DP tended to increase with increasing maturity (Warmington and Kirton, 1990). At 30 kg Boer
goats were estimated to be about 20-30% of their mature liveweight, whereas feral goats were about
50% of mature liveweight. Lastly, the weight of testes (191.58 ± 18.60 gr and 184.24 ± 18.60 gr in
BE and FE, respectively) contributed to the variation of DP between castrated and entire groups.
Losses of carcass weight during cooling (1.7%) were due mainly to dehydration. Capretto carcasses
lost 2.5 to 6.9% of their weight during cold storage for 24 hours (Husain et al. 2000a). If carcasses
have sufficient cover of subcutaneous fat, dehydration should be minimised. According to Shorthouse
and Harris (1991), subcutaneous fat thickness of 3mm and over significantly reduces carcass
dehydration during cooling and storage.
On average, goat carcasses had 70.5% muscle, 9.5% fat and 17.6% bone. The remaining 2.4%
consisted of connective tissue, blood vessels and lymph nodes. BE goats had significantly lower total
carcass fat and a higher proportion of bone than castrated and feral groups. The composition of
carcasses changes with increases of age and body weight because composition varies depending on
stage of maturity (Warmington and Kirton, 1990). Fat is considered to be the most variable tissue in
carcasses (Shorthouse and Harris, 1991). The higher proportion of bone in BE carcasses led to lower
muscle to bone ratios.
In general, the proportion of subcutaneous fat and its thickness of castrated groups were higher than
those of entire groups. These differences were not detected by visual scoring since the scores of visual
fat cover were not significantly different between groups. Likewise, the scores of kidney fat were
similar for all groups. At 30 kg live weight, Boer bucks had significantly higher carcass conformation
scores than feral bucks. However, there was no clear positive relationship between carcass
conformation scores and body condition scores, although Mitchell (1986) stated that body condition
scores of live goats is a good indication of carcass conformation.
Breed and castration did not have any significant effect on the proportion of head, heart, lungs and
kidney. The skins of entire bucks tended to be heavier than those of castrated bucks. It is important to
note that hair was not removed from the skin and consequently variation in hair length contributed to
the variation in skin weight, especially in feral goats. The significantly higher gastrointestinal tracts of
BE certainly affected the dressing percentage as discussed previously. The feet of Boer goats were
significantly heavier than that of feral goats but castration had no effect on feet weight. This study
clearly indicates the superiority of Improved Boer goats for meat production, primarily by reducing
the time required to achieve a targeted 30 kg slaughterweight.
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SUMMARY
Two thirds of the world’s domestic animals are kept in developing countries, where over 90% are
owned by rural smallholders. Through its contribution to income generation, animal production is a
significant component of the livelihoods of more that 60% of the world’s poor, and is an efficient
entry point for rural development and poverty alleviation. The purpose of this article is to report on the
key functions of livestock and the role of gender in livestock management by smallholder owners
under communal tenure, in the northern part of South Africa. The study area comprised two rural
villages in the northern part of South Africa, where a random sample of households were surveyed
through Participatory Rural Appraisal (PRA) techniques. The survey conducted showed that 79% of
respondents own less that 10 head of cattle. The ‘cattle complex’, where cattle are kept for prestige
and status as well as capital wealth still hold true, but cattle also make significant contributions with
respect to meat and milk supply and arable inputs such as draught and fertilizer. Small ruminants are
most important in the household economy through its contribution to income generation and food
production. Women benefit directly from livestock, mainly through smallstock i.e. sheep, goats and
poultry. These include improved household nutrition and alleviation of hunger, better livelihoods and
increased self-reliance.
Keywords: livestock, functions, gender, smallholder, South Africa
INTRODUCTION
Two thirds of the world’s domestic animals are kept in developing countries, where over 90% are
owned by rural smallholders. Through its contribution to income generation, animal production is a
significant component of the livelihoods of more that 60% of the world’s poor, and is an efficient
entry point for rural development and poverty alleviation (ILRI 1999). A summary of benefits and
products derived from livestock are presented in Table 1 (Swanepoel, Stroebel and Nthakeni 2000).
Table 1. A summary of benefits and products derived from livestock
Benefit
Food
Clothing
Work
Monetary
Social
Manure
Other benefits

Product
Milk; meat; eggs; blood; fish; honey; processed products.
Wool; hides; skins; leather.
Draught power – cultivation; transport of goods and people; threshing; milling; pumping water.
Capital wealth; investment; income from: hiring working animals; sale of products; sale of animals.
Lobola (bride price); ceremonial; companionship; recreational; status.
Fertiliser; fuel; flooring.
Feathers; bone meal; soap production.

The purpose of this article is to report on the key functions of livestock and the role of gender in
livestock management, by smallholder owners under communal tenure, in the northern part of South
Africa.
MATERIALS AND METHODS
The study area comprised two rural villages in the northern part of South Africa, where a random
sample of households (smallholder livestock owners) were selected to participate. Comprehensive
Participatory Rural Appraisal (PRA) techniques have been used to gather qualitative information as
follows (see Table 2).
For the purpose of this article, only the key functions of livestock combined for the two villages, are
being reported on and discussed as the case study.
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Table 2. Information gathered and tools used in this PRA exercise
Basic Information
General
Spatial
Time
Socio-economic
Production and technical
information
Constraints and solutions

Diagrams, Matrices, Sketches
General information and social organization of the community, institutional
relationships
Map of the community
Community history (timeline) and trend analysis
Livelihoods, income and expenditure, migration calendar, wealth ranking and analysis
Community and farm transects, flow diagram of the production system, farm sketch,
seasonal farm calendar, pair-wise ranking, activity calendar
Listing and ranking problems, problem tree, proposing solutions, SWOT

RESULTS
Results obtained from this case study, are reported on in Table 3-6. The average herd size varied from
15% of owners with less than 5 head of cattle, to 8% with more than 20 head of cattle (Table 3). The
majority owned less than 10 head of cattle.
Table 3. Average herd size for cattle
Herd size category
<5
5 – 10
10 – 20
>20

Percentage of owners
15
64
13
8

The pair-wise ranking for the uses of cattle, and for sheep and goats, are presented in Tables 4 and 5.
Table 4. Pair-wise ranking for the uses of cattle
Uses
Capital Wealth/ Investment
Milk
Draught
Manure/ Fertilizer
Meat/ Sales
Other

Ranking
5
4
3
2
1
0

Table 5. Pair-wise ranking for the uses of small ruminants (sheep and goats)
Uses
Sale
Meat
Capital Wealth/ Investment
Social/ Ceremonial
Skins
Manure

Ranking
5
4
3
2
1
0

Cattle are valued for their multiplicity of functions, with the most important being capital/wealth
investment, emphasizing the important social role of cattle. Sheep and goats are mainly sold to
generate income. Men are mostly responsible for the management of cattle, while women mainly take
care of the management of sheep, goats and poultry (Table 6).
Table 6. Gender analysis of livestock management tasks (out of a maximum score of 5)
Type of livestock
Cattle

Goats/Sheep

Poultry

Task
Herding
Ploughing
Milking
Sales
Dipping
Herding/ Flocking
Sales
Milking
Sales
Slaughter

Men
3
5
4
5
4
2
2
3
1
1

Women
2
0
1
0
1
3
3
2
4
4

DISCUSSION
The household level has increasingly become the focus for study in farming systems. Farming
Systems Research (FSR) approaches further encouraged this change and have increased our
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understanding of the role and importance of livestock in the farming system, hence the interviews with
selected households. By concentrating on objectives at the household level, it is recognized that
livestock, although small in number, have a wide range of functions within the household economy.
The survey found that 79% of the respondents own less than 10 head of cattle (Table 3). It is widely
reported and accepted that the herd size is regarded as one of the major constraints that have an
adverse influence on increased cattle productivity. Low productivity measures, including poor calving
rates, high mortality and low offtake rates are common under smallholder systems. This has been
highlighted by a number of studies (Bembridge 1987, Steyn 1988; Coppock 1994; de Leeuw and
Thorpe 1996; Moyo 1996; Swanepoel et al. 2000).
Capital wealth/ investment
It is evident that there is social-economic status related to the ownership of cattle. This is commonly
referred to as the “cattle complex”, where cattle are kept for prestige and status and not for production
(Mtetwa 1978). The finding by Bembridge and Burger (1977) that the socio-economic status can be
regarded as being a very useful predictor of successful and progressive cattle farming is important in
this analysis. Whilst Wilkering et al. (1962) define social status as the ranking given to an individual
based upon consensus of members of a community or society as to what they regard as “high” or
“low” characteristics, it has been concluded from this study that education, income, size of enterprise,
social participation in village and district affairs, standard of living and a linkage to urban cities were
identified as important in determining the socio-economic status. This conclusion, and the fact that
successful cattle farmers had a high socio-economic status in their communities, emphasizes the
relationship of rural livestock production to his/her level of social development. Such an analogy is
reasonable and understandable, because the production and subsequent significant consumption of
animal products are not in the first instance necessary for survival but adds quality to life. The normal
sequence of events in developing nations from an agrarian point of view is the production of enough
foodstuffs (milk, meat). Improvements in animal production have often represented one of the best
avenues of raising the smallholder producer from the level of subsistence to that of a small commercial
entrepreneur (Kadzere 1996).
Milk production
Milking strategies of herd owners are guided by a complex set of factors, such as herd size, family
subsistence needs and whether there is a market for milk. Within the herd, the yield potential of cows
and the condition of calves influences milking frequency and daily milk production (Grandin 1988).
Within the study, herd size and cattle wealth (number of cattle per person) influences milk offtake,
since milking is primarily focused on household needs. Thus, the number of cows in milk per
household is negatively correlated with milk offtake yield. The results of this study is substantiated by
Coppock (1994) who reported that households with only 3 cows extracted 213 litres, compared to
those with 28 cows who extracted only 70 litres of milk.
Draught and manure
Draught can be valued in terms of the output of crops. Clearly this will vary between years and
regions. The opportunity cost of not having draught to plough is high. The alternative of land
preparation by hand is time-consuming and likely to result in lower yields. The issue of timeliness of
ploughing is also significant. An economic assessment would have to assess the alternatives of hiring
draught teams or tractors (Scoones and Wilson 1989). Livestock contribute to achieving more
efficient and more sustainable resource use through enhanced energy and nutrient cycles. For instance,
animal manure increases soil fertility, soil structure and water-holding capacity. About two-thirds of
the world’s “walking crops” – livestock – are utilised in farming systems in developing countries
where nutrients are scarce and limited. The livestock component of agricultural land-use thus may be
viewed as a crucial biophysical and social-economic link of organic and mineral nutrient cycling for
the maintenance and resilience of productivity of the natural resource-base, primarily, but not
exclusively, in complex land use systems.
Small ruminants
From Table 5 it is clear that small ruminants (sheep and goats) have a slightly different role to play.
Although their manure is not valued highly, it is used for gardening. They are however, most
important in the household economy through mobilizing cash for school fees and other household
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expenditures, and in the provision of meat. Devendra (1999) substantiates this by confirming that
goats provide the means for survival as food and income for many of the rural poor, and especially the
landless. These data together indicate that the ownership of small ruminants increases as land get
scarcer, and confirm the view that the poorest people find food and financial security in the ownership
of these animals. Even more important is the fact that for these same reasons, ownership provides a
most important means of survival in harsh environments. The contrast between cattle and small
ruminants (sheep and goats) is clear. In terms of household objectives, cattle are kept as part of a
“cattle complex”, not only for prestige and status, also as a way of capital savings, but additionally to
provide meat and milk and for arable inputs (draught and fertilizer), whereas small ruminants are kept
for cash and meat.
Gender issues
Women are most often the most disadvantaged and vulnerable of the victims of extreme poverty. For
these reasons, and from Table 6, it is clear that women (and children) are the ones primarily concerned
with the ownership and management of small ruminants and poultry, while men own and take
decisions relating to cattle. This is the case in most parts of Latin-America, most sub-Sahara African
countries, the Indian subcontinent and South-East Asia (Devendra 1999). During droughts and
migrations, women take on the added responsibility of collecting supplementary fodder for small
ruminants. Ownership of small ruminants represents prestige some and security to the women.
Smallstock (sheep, goats and poultry) ownership and decision-making relating to slaughter and sales
allows them to meet family and social obligations, such as the purchase of clothes, care for the sick
and ceremonial costs (Safilio-Rothschild 1983).
CONCLUSION
The significant contribution of livestock to rural development and poverty alleviation is evident.
Associated with this is the concurrent need to assist the poor with increasing productivity and
protecting the environment, resulting in direct benefits linked to food security and sustainable
livelihoods. To address these issues, and ensure impact, the way forward will necessitate a wider
recognition of their attributes, better resource-use, strong interdisciplinary approaches and institutional
support to ensure future contribution of livestock in the developing countries. Gandhi’s (1959) remark
that: “…the greatness of a nation and its moral progress can be judged by the way its animals are
treated” is highly appropriate.
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NITROGEN BALANCES AS A TOOL TO DECREASE NITROGEN SURPLUSES ON DAIRY
FARMS
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SUMMARY
138 nitrogen (N) balances from dairy farms in southern Sweden were analysed. The balances were
calculated using the farm gate method. N balances of the whole farm are a comparison of the farm’s
inputs and outputs. Amounts of purchased mineral fertilizer, purchased fodder and purchased
concentrate are recorded in the accounts as well as data on milk sold, live animals sold or animals
slaughtered and vegetable products sold. The investigation included N balances from three
consecutive years, 1997,1998 and 1999.The N efficiency was improved and the N surplus per hectare
was decreased in the second and third years of the study relative to the first year. The main reason for
this was a lower fertiliser rate of N. However, there was a tendency on farms with a low N surplus in
the first year to increase the fertiliser rate of N in subsequent years. The input of N from purchased
feed did not change during the study period.
Key words: nitrogen balances, dairy farms, nitrogen efficiency
INTRODUCTION
Mineral balances as a concept were introduced over 100 years ago in research to analyse the nutrient
flows in arable land (van Noordwijk 1999). Later they have been widely used both in fields and at
farm, regional or national level to analyse nutrient flows (Parris, 1998; Sveinsson et al., 1998).
Elements for which balances have been calculated include N, P and K ( Sandgren et al. 1999).
The overall basic concept for a N-budget is simply a conservation of mass; N in minus N out = N
stored within, or lost from the agro ecosystem. N stored within or lost from the system has been called
various names; for example: N-surplus (Halberg et al. 1995), long term potentially leachable-N,
positive or negative balances (Fagerberg et al. 1996).
Different types of farm gate balances are used in N-balances. Watson & Atkinson (1999) differentiate
between the following three types of balances; economic input/output (EIO) budget accounts for
purchased and sales of N over the farm gate, biological input: output (BIO) budget, includes estimates
of biological N fixation and attempts to partition losses into leaching and gaseous forms and transfer:
recycle: input: output (TRIO) budget, which also accounts for key soil processes.
MATERIALS AND METHODS
Information on the mineral balance sheet of dairy farmers shipping milk to the dairy plant Dairy Skåne
was used as an input. The mineral balance sheet N, P and K was constructed using the farm gate
model and balances were calculated for the whole farm.
Amounts of purchased mineral fertilizer, purchased fodder and purchased concentrate are recorded in
the budgets as well as data on sold milk, sold live animals or slaughtered animals and sold vegetable
products. The N fixation from legumes was calculated using a subjective evaluation of the content of
clover in the leys. This is an approximate figure and may distort the result if the farm grows a large
area of leys (Högh-Jensen et al. 1998). The N deposition from the atmosphere is also an
approximation, but it is of minor importance for the whole inflow of N. Advisors collected data from
the regional society for artificial insemination. The farmers were interviewed about input values and
output values, for example how much mineral fertiliser was bought per year or how much concentrate
was fed to the animals per year, doubtful data were double-checked with the farmer to exclude
incorrect data from the analysis.
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The balances were calculated for each calendar year of the study. All data were collected, processed
and stored in a database. The protocols from the mineral balances were sent to the farmers in the
following spring. Atmospheric N deposition was estimated to be 12 kg /ha according in accordance
with estimates made by the Regional Agricultural Society. The N fixation from legumes was
calculated according to the method used in STANK (Swedish Board of Agriculture 1999), with the
result dependant on a subjective evaluation of the clover content of the leys.
The whole farm’s N balance was defined as the difference between N inputs to the farm and the
recovery of N in agricultural products. The N surplus per hectare was defined as the difference
between input and output of N divided by the size of the farm in hectares. The farm size was defined
as land on which it was possible to spread manure , including all arable land at the farm but not
natural pasture. The N efficiency was defined as the ratio between N output and N input (van der
Hoek 1998).
All farms shipping milk to Dairy Skåne were defined as dairy farms. Most of the dairy farms were, as
stated before, mixed farms, hence, could produce arable crop products or other animal products, for
example pig meat. In the analysis dairy farms, which produced other animal products for example pigs
were excluded. Dairy farms that exported or imported manure were excluded from the statistical
analyses due to the uncertain analytical values of nitrogen in manure (Oenema et al. 1998; Steineck et
al. 1999). The number of remaining dairy farms with mineral balances for all three years was 138.
RESULTS
The average area of arable land was approximately 65 hectares and milk delivery per hectare was
about 6800 kg. The size of farms varied during the study due to changes in renting of land or the
inclusion of newly purchased land. The delivered milk yield per hectare was similar throughout the
years. Input of N from mineral fertiliser and fixation of legumes decreased significantly from the first
year (Table 1). The N surplus per hectare decreased by approximately 25 kg between 1997 and 1998.
This improvement did not continue into the next year, 1999. The N efficiency followed the same
trend. The changes between 1997 and 1998 in N surplus per hectare and N efficiency were statistically
significant, but there was a great variation in both parameters (Table 1).
Table1. Means values and standard deviation of N efficiency and N surplus per hectare. Farms that export
manure are excluded from the analysis (n = 138)
Factor

1997
Mean
58 a

1998
SD*
51

Mean
66 a

SD
61

Arable land (ha)
Total milk delivery per year
(kg)
371347 a
254152
394027 a 268864
Delivered milk yield
(kg/ha)
6917 a
2319
6622 a
2513
N from mineral fertiliser
(kg N/ha)
101 a
39
88 b
35
N from purchased feed, kg
(N/ha)
86 a
40
80 a
41
N from fixation by legumes
(N/ha)
33 a
21
26 b
20
N efficiency, %
24 a
8
27 b
8
N surplus (kg N/ha)
187 a
57
161 b
57
SD = standard deviation, ns= non significant
a,b Values within a row without a common letter differ significantly

1999
Mean
SD
66 a
62

P for year
ns

420021 a

290740

ns

6865 a

2219

ns

91 b

33

0.0101

86 a

44

ns

26 b
29 b
167 b

18
8
57

0.0020
0.0025
0.0002

In Figure 2 the dairy farms were classified in four groups according to the surplus of N per hectare
1997. Figure 2 shows a difference in the rate of N from mineral fertiliser between dairy farms with a
low surplus of nitrogen per hectare in 1997 and a high surplus per hectare in 1997. The dairy farms
with a high surplus in 1997 decreased the inflow of N from mineral fertiliser, while those with a low
surplus increased the inflow of N from mineral fertiliser.
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Figure 2. Change of N from mineral fertiliserduring the years 1997, 1998, 1999

DISCUSSION
Farm gate balances of minerals have both advantages and limitations. Advantages are that they are
easy to calculate and produce key-figures, which are easy to compare with other farms from the same
region or with other countries. According to Oenema (2001), farm gate balances are more reliable than
soil surface budget or soil system budgets. An uncertain source of N is the N fixation from leys
(Högh-Jensen et al. 1998). This N source can be of great importance, especially with a low input of N
from purchased mineral fertiliser. It is also difficult to compare N balances from conventional and
organic farming where the latter is often based on N fixation from legumes which is probably
underestimated in organic farming systems.
The Netherlands has the highest nitrogen surplus in the whole of Europe, estimated to be
approximately 300 kg N per hectare (Neeteson 2000). N-surplus was defined as ammonia
volatilization + leaching + denitrification + change in mineral N and organic N in soil. Also Denmark
has an average above that of our investigation (Halberg et al. 1995). Two factors can explain the
difference between the Netherlands, Denmark and our results. First, both the Netherlands and
Denmark have a higher inflow of N from mineral fertiliser, secondly they also have a more intensive
milk production, expressed as kg milk ha-1. In our investigation, the inflow of N from mineral fertiliser
was 100 kg and milk delivered to the dairy industry was on average, slightly more than 6800 kg ha-1.
Our investigation was carried out in one of the most intensive animal production regions in Sweden,
which means that the N surplus should be smaller for other parts of Sweden. When comparing the
three years, the N surplus per hectare decreased and the N efficiency improved. The explanation of
this is probably a lower input of N from purchased mineral fertiliser and N fixation from legumes,
calculated per hectare. The input of N from purchased feed per hectare was on the same level, on the
other hand, during the three years (Table 1).
Choosing between good N efficiency and a low N surplus per hectare it is probably more important
with a low N surplus. Small surpluses mean a reduced pressure on the environment per hectare, land is
a limiting factor in most countries land (Halberg 1999).
Conclusions
! N surplus per hectare among dairy farms in the south of Sweden is lower than corresponding
levels found in other intensive milk production countries in western Europe, for example the
Netherlands and Denmark.
! The N surplus per hectare among the investigated dairy farms decreased from 1997 to 1999.
! The decrease of N surplus per hectare was probably due to a change of strategy in the use of
mineral fertilizer.
REFERENCES
FAGERBERG,B., SALOMON, E. & JONSSON,S. (1996). Swedish J. Agric, Res. 26: 169–80.
HALBERG, N. STEEN KRISTENSEN, E. & SILLEBAK KRISTENSEN. (1995). J. Agric. Environ. Ethics 8,
30-51.
243.

Anim. Prod. Aust. 2002 Vol. 24: 241-244
HALBERG, N. (1999). Agr. Ecosyst. Environ. 76, 17–30.
HÖGH- JENSEN, H., LOGES, R., JENSEN, E.S., JÖRGENSEN, F.V. & VINTHER, F.P. (1998). In
‘Kvaelsofudvaskning og - balancer i konventionelle og ökolgiske produktionssystemer’ (Ed. Kristensen,
E.S Olesen). Föjörapport 2, Forskningscenter for Ökologisk Jordbrug.
NEETESON, J.( 2000). Biol. Fertil. Soils. 30, 566-72.
OENEMA, O., BOERS, P.C.M., van EERDT, M.M., FRATERS, B., van der MEER,H.G., ROEST,C.W.J.,
SCHRÖDER, J.J. & WILLEMS, W.J. (1998). Environ. Pollut. 102 (S1), 471–8.
OENEMA, O. (2001). In ‘Proceedings of the Workshop on Element Balances as a Sustainability Tool’ March
16 – 17, SLU, Uppsala.
PARRIS, K. (1998). Environ. Pollut.102 (S1), 219-25.
SANDGREN, P., SWENSSON, C. & SÄLLVIK, K. (1999). Växtnäringsbalans på mjölkgårdar i södra Sverige.
SSJ - Info 17. Sydsvensk Jordbruksforskning. In Swedish.
STEINECK, S., GUSTAFSON, G., ANDERSSSON, A., TERSMEDEN, M. & BERGSTRÖM, J. (1999). In
‘Swedish Environmental Protection Agency, Report 4974’. In Swedish.
SVEINSON, T., HALBERG, N. & KRISTENSEN, I.S. (1998). In ‘International Workshop on Mixed Farming
Systems in Europe’. Dronten, The Netherlands, 25 - 28th May.
THE SWEDISH BOARD OF AGRICULTURE. (1999). Manual till kalkylprogrammet STANK 3.1. In Swedish.
VAN DER HOEK, K.W. (1998). Environ. Pollut. 102 (S1), 127–32.
VAN NORDWIJK, M. (1999) In ‘Nutrient Disequilibria in Agroecosystems Concepts and Case Studies’ (Eds
E.MA. Smaling, O.Oenema and L.O. Fresco).pp 1 – 26. (CAB International, Oxon).
WATKINSON, C.A, & ATKINSON, D. (1999). Nutr. Cycl. Agroecosys. 53, 259-67.
Email: Christian.Swensson@jbt.slu.se

244.

Anim. Prod. Aust. 2002 Vol. 24: 245-248

EVALUATION OF VARIOUS ELECTROLYTE REPLACERS FOR HORSES
S. TEDESCHI A, G.L. KREBS A and A. BARNES B
A
B

Muresk Institute of Agriculture, Curtin University of Technology, Northam, WA 6401
Division of Veterinary and Biomedical Sciences, Murdoch University, Murdoch, WA 6150

SUMMARY
The effectiveness and cost of horse electrolyte supplements in horses were investigated. The three
products tested were 4 Salts (Ridley AgriProducts), NaCl (table salt) and Humidimix (Vetsearch
International) and these were fed according to the manufacturers’ recommendations.
The trial was based on a split plot Latin square design. Four thoroughbred geldings were randomly
allocated to one of four treatments (control plus 3 electrolytes). Frusemide (1 mg/kg BW i/m) was
used to simulate the fluid and electrolyte loss of moderate exercise in the horses. Blood and urine
samples were collected prior to administration of frusemide and at 3, 5 and 24 h post injection. The
samples were analysed for Na, Cl, K, Mg and creatinine. The fractional excretion ratio (FER) was
calculated to quantify the horse’s electrolyte clearance and to determine the time the horses took to
return to pre-injection levels.
For the three electrolyte treatments, the horses returned to pre-frusemide injection levels within 24 h.
However, 24 h after the frusemide injection the Mg FER values for the horses receiving no
electrolytes were significantly lower than the pre-injection levels. Because the implications of this
decrease are unknown it is recommended that horses in moderate work and being fed good quality
roughage diets may need to be fed an electrolyte supplement. Given the lack of variability between the
electrolyte treatments, the added costs of feeding Humidimix® and 4 Salts® (compared to salt) cannot
be justified.
Keywords: electrolytes, horses
INTRODUCTION
Horses that are worked hard, fast or for extended periods, subjected to humid and hot weather, or
travel long distances require some form of electrolyte supplementation to replace increased losses in
sweat and urine and restore their electrolytes to normal levels (Schott and Hinchcliff 1998; Sosa León
et al.1998). There is a large range of electrolyte supplements for horses available on the market. These
products claim to aid in preventing dehydration and other clinical disorders, therefore potentially
reducing decreases in performance associated with such conditions.
It can be difficult to standardise the fluid and electrolyte loss of horses in exercise, and instead,
experimental protocols have been described that make use of diuretics to increase the excretion of
water and electrolytes. Frusemide is a loop diuretic, which increases the excretion of water and
electrolytes from both the kidney and the gut of the horse. Its use induces dehydration in the horse
similar to that caused by exercise- induced sweat losses (Alexander 1982). Its effects are short lasting
and the majority of the associated increase in urinary volume is complete by 2-4 h after administration.
The use of the drug and subsequent increased fluid losses do not cause any obvious clinical signs in
the horse (Freestone et al. 1988).
MATERIALS AND METHODS
Experimental design, animals and diets
The trial was based on a Latin square design. Each supplemental treatment ran for two weeks, with a
one-week rest period in between when the horses received no supplementary electrolytes. Four
thoroughbred geldings, aged 5 to 14 years and weighing 490 - 545 kg were used. The horses had
received little or no exercise prior to the trial and none during the trial. They were stabled at night,
given access to paddocks (bare of feed) during the day and fed a maintenance ration of 3 kg/d
Wesfeeds Pony Cubes (10.5% CP), 2 kg/d oaten chaff and 3.5 kg/d oaten hay. The four treatments
were no supplement (control) or 45 g/d of either 4 Salts (Ridley AgriProducts), NaCl (Saltpack Pty
Ltd), or Humidimix (Vetsearch International). Clean water was freely available at all times.
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Procedures
Every week the horses were weighed, pulse rates taken and blood and urine collected before they
received their morning feed. After receiving the supplement for one week, the horses were injected
with frusemide (1 mg/kg i/m) following the collection of venous blood (10 mL) and urine (50 mL)
samples. The horses were then fed (as normal). Blood and urine samples were taken again 3, 5 and 24
h after the injection (exact times recorded). Plasma was harvested from the blood, and the urine and
plasma samples stored frozen for subsequent analysis of Na, Cl, Mg, K and creatinine levels. Na and
K levels were determined using ion selective electrodes, Cl levels by the thiocyanate method, Mg
levels by the calmagite method and creatinine levels by the Jaffe method.
Fractional excretion ratio (FER)
The electrolyte balance of the horses was assessed from the amounts of the electrolyte excreted in
urine. Because the clearance of creatinine by the horse is almost constant, the clearance of any
electrolyte can be compared against the clearance of endogenous creatinine to determine the rate of
renal electrolyte output (Coffman 1980). This eliminates the need for urine volume to be known.
Electrolyte clearance (FER) as a percentage of creatinine (Cr) clearance was determined as:
FER % =
(M)urine x (Cr)serum x 100
(M)serum (Cr)urine
where M = mineral under investigation, ( )urine = urinary concentration of the mineral, ( )serum =
serum concentration of the mineral.
Statistical analyses
Data were subjected to analysis of covariance according to a split plot Latin square design where the
allocation of treatments to horses and periods was based on a Latin square, and time (3, 5 and 24 h)
was treated as a subtreatment. The covariate used for each analysis of each measurement was the same
measurement at 0 h. Differences between treatment means were determined using the least significant
difference (LSD) (P<0.05) procedure. Plots of residuals were used to assess the validity of the analysis
of variance assumptions and where necessary the data were transformed to conform to these
assumptions.
RESULTS
All animals maintained good health throughout the trial. Pulse rates remained relatively unchanged
and were within the normal range for resting horses. The horses consumed all feed offered each day
and there was no apparent problem with palatability of the electrolyte supplements.
The mineral content of the feeds and electrolyte supplements fed to the horses is shown in Table 1 and
the total mineral intakes the horses received during the trial is shown in Table 2.
Table 1. Mineral content of feeds and electrolyte supplements
Mg
Na
Cl
K
0.24
0.2
0.59
0.66
Wesfeeds Pony Cubes (%)
Oaten hay (%)
0.09
0.2
0.71
0.76
Oaten chaff (%)
0.13
0.65
1.2
1.48
4 Salts® (g/kg)
60
214.5
431.5
104
Humidimix® (g/kg)
9.2
117.9
438.7
209.6
NaCl (g/kg)
390.0
610.0
The mineral content of the feedstuffs was determined by analysis, however, the mineral content of the supplements was based
on information provided by the product labels.

Table 2. Total mineral intake (g/d) for the dietary treatments
Treatment
Control
4 Salts
Humidimix
NaCl

Mg
12.9
15.7
13.4
12.9

Na
14.3
23.9
19.6
31.9

Cl
66.4
85.8
86.1
93.9

K
76.0
80.7
85.4
76.0

After injection with frusemide the horses experienced increased urination, particularly within the first
3 h. A logarithmic transformation (loge) was required for FER values of Na, Cl and Mg. Mean values
for FER of Na, K, Cl and Mg at various times after the administration of frusemide and 5% LSDs are
shown in Table 3. The mean FER values 3 h after frusemide injection were significantly higher
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(P<0.05) than at 5 h, and FER values 5 h post frusemide were significantly higher than at 24 h. The
horses returned to pre-frusemide injection levels or lower within 24 h for all treatments. There were no
differences (P>0.05) between treatments for FER values for Na, K and Cl, indicating that electrolyte
supplementation had no apparent effect on these measurements. While there was no difference
between treatments for FER Mg at 0, 3 and 5 h (P>0.05), the control group was significantly lower
(P<0.05) than the other groups at 24 h. Control animals had significantly lower (P<0.05) FER Mg
values at 24 h than they did at the time of frusemide administration.
Table 3. Mean renal FER of Na, K, Cl and Mg under the different treatments
FER (%)
Time (h)
0
3
5
Na
Control
-6.31 (0.2)
-3.06 (4.7)*
-5.52 (0.4)
-5.63 (0.4)
-3.37 (3.4)
-5.09 (0.6)
4 Salts
Humidimix
-5.81 (0.3)
-3.08 (4.6)
-5.49 (0.4)
NaCl
-4.92 (0.7)
-2.66 (7.0)
-4.63 (1.0)
5% LSD
2.125
1.428
1.428
K
Control
48.0
96.7
46.6
31.0
84.7
54.4
4 Salts
Humidimix
36.0
77.9
56.7
NaCl
30.0
125.3
54.4
5% LSD
36.20
43.12
43.12
Cl
Control
-4.42 (1.2)
-2.63 (7.2)
-3.71 (2.4)
-4.83 (0.8)
-2.48 (8.4)
-3.24 (3.9)
4 Salts
Humidimix
-4.77 (0.8)
-2.40 (9.1)
-3.49 (3.1)
NaCl
-4.69 (0.9)
-2.09 (12.4)
-3.42 (3.3)
5% LSD
0.899
1.006
1.006
Mg
Control
-1.53 (21.7)
-1.04 (35.4)
-1.25 (28.7)
-1.83 (16.0)
-1.04 (35.4)
-1.04 (35.3)
4 Salts
Humidimix
-2.01 (13.4)
-1.16 (31.3)
-1.33 (26.5)
NaCl
-1.93 (14.5)
-1.42 (24.1)
-1.32 (26.7)
5% LSD
0.640
0.428
0.428

24
-7.60 (0.1)
-9.20 (0.0)
-9.78 (0.0)
-9.91 (0.0)
1.428
57.6
26.8
25.3
42.3
43.12
-7.36 (0.1)
-7.35 (0.1)
-6.75 (0.1)
-6.74 (0.1)
1.006
-2.66 (7.0)
-1.92 (14.7)
-1.87 (15.4)
-1.54 (21.5)
0.428

5% LSD
1.507

37.18

1.101

0.506

* Re-transformed means (%) shown in brackets

The cost (/kg) of the electrolyte supplements were $2.26, $14.00 and $0.25 for 4 Salts®, Humidimix®
and NaCl (stock salt), respectively. For the trial table salt was used, however, as most horse owners
use stock salt the price for this product was used in the determination of prices.
DISCUSSION
Horses sweating profusely or undertaking prolonged exercise can incur significant fluid and
electrolyte losses (Meyer 1987; Sosa León et al. 1998). These losses, if not restored, can result in
impaired thermo-regulatory responses and cardiovascular instability (McKeever 1998).
The FER values at time ‘0’ in this study were consistent with the range of previously observed values
(0.0002-2.43 for Na; 1.0-42.74 for K; 0.012-3.47 for Cl; and 15-53 for Mg) (Edwards et al. 1989;
King 1994), indicating that the horses were at ‘normal’ electrolyte balance prior to the commencement
of each treatment.
The administration of frusemide resulted in an increased urinary output and increased excretion of
electrolytes, which was consistent with other studies (Freestone et al. 1988; 1989). FER increased
significantly (P<0.05) after the administration of frusemide then decreased over time. The post
frusemide FER for Na, K and Cl were lower than those reported by Coffman (1980) (12, 207 and 9.5
%, respectively). Values may, however, have reached these levels prior to the first sample being
collected (between 0 and 3 h). By 24 h post injection the FER values for Na, Cl and K had returned to
pre-injection levels for all treatment groups, indicating that electrolyte homeostasis (for these
elements) had been maintained.
Meyer (1987) suggests that horses in moderate work require 50 g Na, 70 g Cl, 44 g K and 14 g Mg per
day to remain in electrolyte balance. In this study the horses were receiving 14.3 g Na, 66.4 g Cl, 76 g
K and 12.95 g Mg per day from their basal feed (see Table 2), indicating that only Na was severely
lacking in the diet prior to supplementation with electrolytes. Even after the electrolyte supplements
were added none of the diets reached the recommended level for Na. Despite this apparent deficiency
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FER Na levels for the horses still returned to pre-injection levels within 5 h after the administration of
frusemide. The equine kidney has a high capacity to retain Na when intake is low, and excrete Na
when the dietary intake is not limited (Schott and Hinchcliffe 1998). This is mediated through the
effects of aldosterone on the renal tubule (Kaneko 1980). Even though the horses in this study were
receiving low amounts of Na they were able to maintain Na homeostasis through conserving the
mineral. King (1994) states that a low FER Na is an indication that the body is conserving Na and that
only an increase in FER Na is of real diagnostic value.
The horses did not require any supplemental K as they were fed high quality hay and chaff (Coffman
1980). Ideally, supplements should be formulated and fed on the basis of both the diet and the level of
exercise. Supplemental K appears necessary only in horses that are fed low levels of forages or
worked hard in hot or humid conditions due to increased sweating and the high concentrations of K
lost in the sweat.
The FER K increase observed could be a result of the horse’s efforts to retain Na (Coffman 1980), due
to the lack of Na in the diet. Prolonged lack of Na in the diet could potentially result in depletion of
both Na and K over time.
Whilst the diet may have been marginal in Cl, the FER was still within the normal range for all
treatments. This may have been due to the body’s powerful drive for homeostasis. When Cl is limited
the horse will absorb more K and H ions to preserve homeostasis (Kaneko 1980). The relationship
between Na, Cl and K is highly complicated, however, if the diet is marginal in Na or Cl there appears
to be some benefit in high levels of K being supplemented to offset the low Na and Cl levels.
The FER Mg levels returned to pre-injection levels within 24 h after the administration of frusemide,
with the exception of the horses on the control diet, which had significantly lower (P<0.05) FER Mg
values at 24 h than they did at the time of frusemide administration. Mg excretion is enhanced by
frusemide (Pugh 1991) and also by aldosterone (Frape 1998). Because the horses on the control diet
were receiving no supplemental Na, the frusemide induced fluid and electrolyte loss may have
triggered aldosterone secretion, which then increased Mg loss, resulting in a lower FER Mg 24 h later.
Tubular interaction between the active transport of NaCl and Mg reabsorption may also influence Mg
excretion (Hansen 2000).
Further work is needed to identify the interactions between these electrolytes, and the implications for
performance, and for tubular handling of other minerals such as calcium, which was not measured in
this experiment. At this stage it is recommended that horses in moderate work and being fed good
quality roughage diets may need to be fed an electrolyte supplement. However, given the lack of
variability between the electrolyte treatments, the added costs of feeding Humidimix® and 4 Salts®
(compared to salt) cannot be justified.
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SUMMARY
Grass-white clover sward (GWC) was compared to all grass swards (AG) in terms of its herbage mass
(HM) production (kg DM ha-1) and animal performance. The GWC sward received 40 and AG sward
106 kg N ha-1 in two applications. Herbage mass (pre-grazing) and sward height (pre- and post
grazing) was measured. The grazing season was divided in to 3 periods. Twelve autumn calving cows
were turned to pasture on June 6th and grazed until August 7th. The cows were given 5 kg of barleyoats (1:1) mixture with 250 g of mineral supplement cow-1 d-1. The GWC had higher herbage mass
(HM) compared to AG. The live herbage mass (LHM) of GWC sward contained 13.3 % white clover
without strong seasonal trends and meadow fescue made largest contribution of the sward. Towards
the end of the experiment, couch grass (Elymus repens (L.) Gould) made the highest contribution in
AG sward. The content of dicotylenodous weeds in AG sward was only half of that in GWC sward.
AG sward had higher (P<0.001) CP and (P<0.001) NDF during period 2 compared to GWC. The
difference in CP content remained higher (P<0.001) in AG. The in vitro organic matter digestibility
(IVOMD) for AG sward was higher (P < 0.001) during period 2 but lower (P<0.03) during period 3.
There were no differences in milk yield or milk composition between sward groups except for higher
(P= 0.01) milk urea content from cows on AG swards. No difference in renneting capacity of the milk
was found between swards.
Keywords: white clover, herbage mass, herbage height, milk yield and composition.
INTRODUCTION
White clover (Trifolium repens L.) is considered as the most important temperate zone legume species
that can persist under both frequent cutting and intensive grazing. It is best suited for maritime climate
with mild winters and abundant rainfall during the growing season. The ability to fix atmospheric N,
high nutritive value and significant impact on animal performance, emphasise white clovers
importance in low input grazing systems. However, white clover has not played an important role in
Scandinavian agriculture. This is mainly due to over-wintering risks, poor tolerance to low
precipitation and the inability to compete with N-fertilised grasses in intensive production systems.
As organic farming has gained acceptance by many farmers, white clover performance has also been
studied under Scandinavian conditions, with short growing seasons, long snow cover period and rapid
spring development. Such studies include white clover in mixtures for silage (Nykänen-Kurki 1994)
and over-wintering and frost hardiness (Svenning et al. 1993). However, most of these trials were
carried out as 'cutting only' experiments, with few grazing trials (Sormunen-Christian & NykänenKurki 1995). Grazing processes such as trampling, selective grazing and deposition of dung and urine
are known to influence both dry matter production and botanical composition of the sward (Laidlaw
and Vertes 1993). There is a need for information on white clover production potential under grazing
and animal performance in Nordic climates. This paper reports a study on herbage mass production
and animal performance conducted on a low N-fertilised grass white clover based sward in
comparison to a conventional N-fertilised all grass sward.
MATERIALS AND METHODS
Swards
The experiment was conducted at the University of Helsinki Research Farm, Viikki. The grass-white
clover (GWC) sward was established with 5 kg white clover, cultivar Lena, 8 kg timothy grass
(Phleum pratense L.), and 15 kg meadow fescue (Festuca pratensis Huds.) per ha. The all-grass (AG)
sward was established on the adjacent paddock with 5 kg red clover, 8 kg timothy grass and 15 kg
meadow fescue per ha. Red clover had disappeared by the beginning of the experiment. The soil was
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sandy clay-fine sand with pH 6.2 (Cacl2), exchangeable Ca 2597, available P 23 and exchangeable K
311 mg l-1 soil for GWC sward and pH 5.7 and Ca 1873, P 22, K 315 mg l-1 for AG sward. The GWC
sward received 40 kg N ha-1 and AG sward 106 kg N ha-1 in compound fertiliser (NPK) at the
beginning of May and in mid June. The areas were divided into eight paddocks of 0.26 ha (GWC) and
0.21 ha (AG). The paddocks were fenced by electrical fence for rotational grazing to allow the
stocking rate (SR) of 2.9 for GWC sward and 3.6 for AG sward since it was assumed that productivity
of GWC sward would be 70-80% of the AG sward. Twelve autumn calving dairy cows were
randomly assigned to two groups, according to their current milk yield, to graze either on GWC or AG
swards. The average grazing period per paddock was 3.3 days.
Sward measurements
Pre-grazing herbage mass (HM) kg ha-1 was estimated by clipping 10 randomly located (100 x 25 cm)
samples to a stubble height of 3 cm before grazing. Simultaneously, pre-and post-grazing sward
surface height (SH) measurement (30/paddock) was carried out with a HFRO sward stick (Bircham
1981). The sward was trimmed after every rotation. The herbage samples were weighed, mixed and
sub-sampled. The sub-samples were sorted out into dead and live materials and then dried at 100oC in
order to determine live (LHM) and dead (DHM) herbage dry matter (DM, kg ha-1). A representative
part of the live plant sample was frozen for proximate feed analysis. Botanical composition within
each treatment was done on sub-samples from 3 randomly selected paddocks.
Cow management
The cows were turned to pasture on June 6th and grazed until August 7th. Cows were fed twice daily
before the morning and evening milking with 5 kg cow-1 d-1 of oats and barley (1:1). Mineral mixture
of 250 g cow-1 d-1 of was supplemented. The grain intake and refusals were weighed daily. The
metabolisable energy (ME) intake from herbage was calculated (MAFF 1975). Milk yield was
recorded twice daily and samples were collected on 4 consecutive milkings every second week for the
analysis milk components. Extra milk sample was collected during the 1st and 2nd grazing periods for
the determination of its renneting properties.
Chemical analysis
Chemical analysis of feeds and milk were made as described by Tesfa et al. (1999). Renneting
properties of the milk were assessed with Foss- Electric Formograph.
Statistical analyses
Data were divided into three grazing periods as: (1) 6 – 29th June; (2) 30th June – 18th July and (3) 19th
July – 7th August. Variance analysis was carried out on milk yield and composition using a cow within
period as observation unit in SAS's GLM (SAS 1991) repeated measurement’s procedure. Preexperimental period milk yield and composition data were used as covariates for the regression
analysis. Herbage mass and composition was analysed by the one-way variance analysis for each
period using paddock as a replicate.
RESULTS
The average monthly temperature and precipitation were 8.4, 12.9, 19.9 and 15.6 ºC and 61, 61, 6, and
79 mm for the months of May, June, July and August, respectively. GWC tended to produce slightly
higher (360 kg) HM compared to AG sward (Table 1). Mean pre- and post grazing SH profile for both
sward types is given in Figure 1. The pre-grazing SH was 57 cm for GWC sward and 60 cm for AG
sward during period 1 and declined to 20 and 30 cm for both swards during period 2. By the end of
period 3, the SH declined below 20 cm. The botanical composition was composed of T. repens, P.
pratense, F. pratensis, E. repens and weeds, 1.0%, 26.7%, 2.2%, 61.9% and 8.2 % for AG sward and
13.3%, 9.8%, 44.6%, 15.6% and 16.7% for GWC sward, respectively. The proportion of dead
material increased in the course of the growing season and the highest proportion (28.6%) of dead
material was obtained from GWC sward during period 3 (Table). AG sward had higher (P<0.001) CP
and (P<0.001) NDF than GWC during period 2. This difference remained for the rest of the grazing
period. The IVOMD for AG sward was high (P<0.001) during period 2 but lower (P<0.05) during
period 3.
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Table 1. Mean chemical composition, IVOMD of herbage (g kg-1) and herbage mass (HM; kg DM ha-1)

HM
DM
Ash
CP
EE
NDF
IVODM

GWC
3990
160
93
178
40
533
733

Period 1
AG
SEM
3630
74
162
4.2
86
1.8
198
14.5
45
3.5
558
25.3
740
1.2

P<
n.s
n.s
0.03
n.s
n.s
n.s
n.s

Period 2
AG
SEM
1560
95
196
7.5
110
1.3
246
7.5
51
1.6
569
10.2
730
0.3

GWC
1700
193
114
200
46
479
691

P<
n.s
n.s
0.04
0.001
0.05
0.001
0.001

GWC
1510
258
99
177
45
495
685

Period 3
AG
SEM
1310
56
251
9.5
102
1.8
201
8.1
48
1.1
572
7.8
663
0.3

P<
n.s
n.s
n.s
0.05
0.003
0.001
0.03

Animal performance
The mean milk yield and milk composition is in Table 2. Sward type did not affect the overall milk
yield or the milk constituents, except for milk urea content which was significantly (P<0.01) higher
for AG sward. There was no difference between sward types on milk renneting properties.
Table 2. Mean (LS-means) grain intake (kg DM d-1), milk yield (kg d-1) and composition (g kg-1) of
experimental cows at pasture .
Period 1
Period 2
Period 3
GWC
AG
GWC
AG
GWC
AG
Grain
4.14
4.29
4.28
4.32
4.38
4.36
Milk
20.8
20.3
19.4
19.2
18.0
18.3
ECM
21.6
22.3
20.4
20.9
19.0
20.2
Fat
45.1
47.1
45.8
47.0
46.3
47.8
Protein
35.5
37.4
35.4
37.1
35.9
37.7
Lactose
42.8
44.9
42.4
44.5
41.8
44.2
a
Urea,
22.6
26.4
21.5
30.4
25.7
30.4
k20
12.7
14.0
13.2
12.4
ND
ND
Note: amg 100 -1 ml; k20, Renneting capacity; ND, not determined.

GWC
4.26
19.4
20.3
45.7
36.2
42.3
23.3
12.9

Whole experiment
AG
SEM
4.32 0.05
19.3 1.25
21.1 1.13
47.3 1.89
37.4 1.16
44.5 1.27
29.1 1.27
13.2 3.03

P<
n.s
n.s
n.s
n.s
n.s
n.s
0.01
n.s

AG (Pre)

60

Sward height (cm)

GWC (Pre)
50

AG (Post)
GWC (Post)

40
30
20
10
0
4/6

14/6

24/6

4/7

14/7

24/7

3/8

Date

Figure 1. Pre- and post-grazing sward height for GWC and AG swards during the experiment (error bars
show ± standard errors)

DISCUSSION
The response in herbage mass production of AG sward to N-fertilisation was minimal compared to
GWC. Most frequently suggested target for the proportion of clover in mixed sward has been 30%
clover of DM (Roberts et al. 1989, Young 1992), though Vipond and Swift (1992) suggested that
even as low as 15% white clover content is sufficient to maintain the production of clover-grass ley
on the level of conventionally managed grass leys. The proportion of white clover in the present study
was rather low (13.3 %) compared these studies. This observed low clover content in our study could
be associated with a high SH in spring that may have shaded the clover and depressed its growth and
also the extremely low precipitation (6 mm) and relatively high temperature (19.9 ºC) during period 2.
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Both HM and pre- and post-grazing SH show that amount of LHM was high during the first grazing
period. But during the severe drought, mean LHM was low and cannot be considered as generous
compared to other grazing studies made in Finland (Rinne and Ettala 1978, Tesfa et al. 1995). As
GWC sward had larger paddocks (0.26 vs. 0.21 ha), the cows grazing on it had 34, 34 and 37 % more
available LHM on offer compared to those grazed on AG swards during periods 1, 2 and 3,
respectively. The estimated utilised metabolisable energy (UME, MJ cow-1 d-1; 124.7 and 128.9 on
GWC and AG) was only ca. 2/3 of the potential that a cow can obtain from good quality pastures in
Finland (Rinne and Ettala 1981).
Previous studies with swards of higher proportion of white clover (Wilkins et al. 1994) and with
monoculture white clover compared with perennial ryegrass (Thomson et al. 1985) have reported
significant increase in milk, protein and lactose yield. According to Wilkins et al. (1994), the mean
daily milk, fat, protein and lactose yield was higher on higher proportion of white clover pasture when
the cows were not supplemented with concentrate. Since the clover proportion of the GWC sward in
our study was low and environmental conditions are different compared to these studies, we could
only emphasise on the comparability of the GWC and AG swards in animal performance. The high
CP content of AG did not improve milk yield but slightly increased milk fat, protein and lactose
content compared to GWC. Cows grazed on the low N-fertilised GWC sward produced the same
amount of milk. The significant difference between the swards was the increase in milk urea content
on AG sward as a reflection of high availability of easily rumen degradable protein. Flow of nonammonia nitrogen (NAN) to the duodenum of dairy cows grazing white clover was higher than those
grazing grass alone due to enhanced microbial protein synthesis on white clover compared to grass
(Thomson et al. 1985). In the present study, we could not see positive response in milk or milk
components from cows grazing GWC to substantiate Thomson and co-worker observation.
Despite short summer, rapid spring development and thus high sward surface heights and low
precipitation, the observed relative productivity is in good accordance with values reported elsewhere
in Europe: 84 % (Ryan 1989), 70 - 80 % (Bax and Thomas 1992), 80 % (Younie 1992). In conclusion,
in spite of long winter and especially dry period during this experiment, the relative production of low
N-fertilised white clover GWC sward compared to AG sward is in accordance to those values
reported in other European countries of milder climate. Therefore, white clover could as well be used
for grazing under low-input pasture production system in Finnish climatic condition.
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SUMMARY
Since the 1960s, the cattle herd of the Amazon Basin has increased from 5 millions to more than 70-80
million heads. Around 15% of the Amazon forest has been replaced and around 80% of the deforested
areas have been covered by pastures (approximately 900 000 km2). Cattle expansion occurs in the new
agricultural frontier areas of the “Arc of deforestation”, from the Eastern Brazilian Amazon (States of
Maranhão and Pará), through the Southern Brazilian Amazon (States of Tocantins, Mato Grosso and
Rondônia) and the Bolivian rainforests, to the Andean Amazon ecosystems of Bolivia, Peru, Ecuador,
Colombia and Venezuela. Based on 1990s data from different agricultural frontiers of the Amazon
basin, the authors try to identify the main factors responsible for cattle expansion. Whereas there are
some promising and sustainable land use alternatives are emerging in particular regions, adequate
solutions to avoid or minimize the negative ecological impact of Amazon basin development still have
to be found.
Keywords: cattle, beef, sustainability, deforestation, farming systems
INTRODUCTION
With 7.5 million km2, the Amazon is the largest tropical forest in the world. The Amazon basin covers
eight countries: Brazil (67% of the area), Peru and Bolivia (25% together), Colombia, Venezuela,
Ecuador, Guyana, Surinam and French Guyana. It is comprises high diversity ecosystems: lowlands
along the Eastern Amazon river until its delta, savannas in Colombia and Brazil, respectively located
in the basin’s North-West and South-East, Andean Amazonian highlands in the West, Guyana plateau
in the North and, last but not least, the typical Amazon rainforest, which covers the main area in the
center of the basin.
Cattle ranching in the Brazilian Amazon started in the 16th century, at the beginning of the Portuguese
colonization, when navigators brought the first animals to satisfy farmers demand for milk and animal
draught (Desffontaines 1956). Cattle ranching has then expanded in the Low Amazon River regions,
from Santarém to the Marajó Islands, based on extensive farming systems on natural grasslands
(Teixeira 1953). At the beginning of the 20th century, the Brazilian Amazon herd was made of 750 000
cattle and 250 000 buffaloes. In the Andean Amazon, cattle ranching started later, in the 19th and 20th
centuries, by catholic missions from the Andean Sierras, where cattle ranching had been developed
during the Spanish colonization. Although cattle ranching is an old farming system in the Amazon, its
expansion has not been as fast as in Brazilian and Andean regions (Medeiros Neto 1970; Olmedo et al.
2001).
COLONIZATION IN THE AMAZON
The rise of colonization in the Amazon is strongly linked with the new policy decisions of the national
government in the 1960s. These choices were motivated by several political, economic and social
objectives: (i) to secure the integrity of national territories (ii) to exploit regional natural and hydrocarbonic resources, (iii) to provide land to farmers that were excluded from economic growth in other
regions because of land concentration or agricultural mechanization. Thus, starting in the 1960s,
public investments have led to road building and other colonization projects in this region.
In the Brazilian case, three main roads have been built in order to link the Amazon to the Southern
States: the Belém – Brasília (Br 010), the Cuiabá – Santarém (Br 163), and the Cuiabá - Rio Branco
(Br 364). Another road has been built in the Eastern-Western axis, the Transamazon (Br 230). In
Andean countries, each government has built between one to three roads linking the Amazon to the
coastal regions through the Cordilleras. Finally, a marginal road has also been built along the Eastern
Cordillera from Santa Cruz de la Sierra (Bolivia) to Venezuela. Farmer’s migrations have been
stimulated by the construction of these roads, both spontaneously and organised by governments.
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Other policies have stimulated agricultural colonization. The Brazilian government has implemented a
tax-exemption program, in order to stimulate the “organization and establishment of large farms, almost
all for beef production, considering the pioneer role cattle have played in Brazilian agricultural history”
(Santiago 1986). In the Andean countries, recent studies have shown that low-interest and short-term
public loans have favored cattle ranching rather than perennials crops (Olmedo et al. 2001; Valencia et
al. 2001). Thus it can be said: “cattle feet have carried out the world greatest forest colonization”.
CATTLE RANCHING AS THE MAIN FARMING SYSTEM IN THE AMAZON BASIN
Since the beginning of the colonization in the 1960s, around 15% of the Amazon forest has been
removed through agricultural practices. Slash and burn is the most common way to open primary
forest: high-valued timber is sold to timber companies; annual crops are planted in the first year;
sometimes perennials crops are planted as well on good soils; pasture follows annual crops.
Nowadays, around 0.5 to 1% of the Brazilian Amazon forests is opened through slash and burn,
followed by pasture establishment, 3 to18 months later depending on the region (Tourrand et al. 1999;
Alves 2001). Pastures cover 80 % of deforested areas and represent the main land use, thus cattle herd
growth is a good indicator of expansion of the agricultural frontier.
During the last twenty years, cattle herd growth in the Brazilian Amazon has been impressive (see
Table 1). The main part of the Maranhão State, particularly the eastern part, has been colonized before
the 1960s, and the cattle expansion in the western has mostly occurred before 1990 and, since then,
cattle herd seems to be stabilized at around 1 head/hectare. A similar evolution occurred a little later in
the Tocantins State, and now, as in Maranhão, there is no more forest and pasture is the main land use.
Table 1: Bovine herd in legal Brazilian Amazon (x1000 head)
States

1980

1985

1990

1995

1996

Acre
292
334
400
471
854
Amapá
46
47
70
93
195
Amazonas
356
425
637
637
771
Maranhão
2 836
2 973
3 791
4 162
3 992
Mato Grosso
3 442
6 547
8 815
14 153
15 597
Pará
2 730
3 479
6 182
8 058
7 198
Rondônia
251
771
1 719
3 928
3 948
Roraima
314
306
377
282
400
Tocantins
1 574
4 199
5 045
5 544
5255
Amazon
11 841
19 081
27 036
37 328
38 210
Source: IBGE and DBO rural magazine; * Estimation from 96/97 data

1997
863
205
810
3 962
16 363
7 925
4 342
378
5 363
40 211

2000*
892
238
940
3 868
18 888
10 577
5 779
319
5 708
47 209

2001*
902
250
988
3 838
19 814
11 645
6 357
301
5 828
49 923

Ratio 97/98
5.1
13.1
5.0
0.8
2.5
10.6
17.9
12.5
1.7
8.5

Today, the Brazilian agricultural frontiers are crossing Rondônia, Roraima, Eastern Pará and Northern
Mato Grosso. Since the 1990s, these regions have shown the highest deforestation rates, according to
the Brazilian Secretary of Environment (MMA, 2001), and the highest cattle growth rates. New
regions are developing through the conversion of forest in pastures. Villages and little cities are
growing rapidly. Local agribusiness is based on sawmills, slaughterhouses, dairy and leather factories,
, as well as on timber and cattle transport. Recently, in some regions, mechanized soybean, rice and
maize production has increased.
The agricultural frontier is now expanding as well through western Pará and Southern Amazonas,
which are still mainly covered by tropical forest. Colonization there remains based on timber
extraction and cattle ranching. If this trend persists, these regions will probably show the same pattern
of change as the other regions (MMA, 2001).
The situation in Acre and Amapá States is a little different, since local public policies try to prevent
anarchic frontier expansion through an effective control of timber and cattle activities and a promotion
of sustainable natural resources management, as self-sustainable forest management. The monitoring
of the development seems also to be easier since these States are smaller, still somewhat remote, and
with a low population density. Thus, agricultural frontier expansion appears to be more stable. Even if
cattle numbers are increasing, it seems to be due to farming intensification rather than to pasture
expansion.
It should be recognised that previously cited figures of the Brazilian Amazon herd may be
underestimated (Veiga et al., 2001b). Indeed, some cattle usually are not counted: (i) smallholders
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herds (10 to 20% of total); (ii) calves (around 20%); (iii) some herds of large companies, temporarily
kept in other ranches (5 to 10%). Thus, the real figures could be between 60 and 70 million head.
The previous analysis shows that, only 35 years ago, livestock in the Amazon was based only on 5
million head herd, whereas today the figure is close to 80 millions head, with an annual growth rate
of between 5 and 8%. Another important transformation is the replacement of natural grassland by
sown pastures in former forest areas. The distribution of the cattle herd along the different sub-regions
may be estimated as following: Eastern Brazilian Amazon (20-25 millions heads), Southern Brazilian
Amazon (25-30 millions heads), South-Western Amazon (10-12 millions heads), Central Andean
Countries Amazon (8 millions) and Northern Andean Countries Amazon (5 millions bovines).
DETERMINANTS OF CATTLE RANCHING EXPANSION IN THE AMAZON
Cattle ranching in the Amazon is often criticized in the scientific literature because of its numerous
harmful consequences on economic, social and ecological grounds (deforestation, land concentration,
biodiversity loss, land tenure concentration, and small contribution to regional development).
Opposing these viewpoints, some authors have argued that cattle ranching is a suitable agricultural
activity for the Amazon, is a good alternative for smallholders and allows safe returns on investment.
It is clear that most of these opposing arguments are valid under specific conditions and
generalizations cannot be easily made. Apart from these ideological positions, several researches in
the 1990s have identified the main factors responsible for cattle expansion in Amazon.
Firstly, the emergence of efficient beef production and marketing chains in the region allows low, but
secure prices for livestock products. Farmers in the Amazon can always sell cattle at a price indexed
on the biggest national markets (São Paulo, Lima, Quito, Guayaquil, Santa Cruz, Bogotá). Some other
agricultural activities may give higher returns, such as pepper in Brazil, but price or yield variability
often impedes security. For example, the price of annual crops (maize, rice, beans etc) shows seasonal
and annual variability. Perennial crops prices also fluctuate and depend on international markets. The
low variability in prices seems thus to guarantee safe returns in cattle ranching, from smallholders to
large farmers and from small traders to larger agribusiness companies.
Cattle ranching in the Amazon does not depend anymore on any kind of public subsidies: very low
production costs, around US$0.03/litre of milk and US$0.15/kg of meat (Machado 2000), make it very
competitive, allowing to trade livestock products around all Amazon basin. In Peru and Ecuador,
young bulls born and raised in the Amazon are fattened in Lima, Quito and Guayaquil with by-product
feed supplements (Olmedo et al. 2001; Valencia Chamba et al. 2001). In Brazilian, final products are
sold to the large markets of the Northeast, Southeast and South. With 25-30% of the Brazilian cattle,
Amazon is indirectly contributing to the increase of national livestock products export, from 200
millions tons in 1996 to 625 millions tones in 2000 (DBO, 2002).
Secondly, sown pasture performance is a major determinant of cattle expansion in the Amazon;
Brachiaria brizantha has become the major forage species planted in the Amazon and today, it counts
for around 95% of forage seeds sold in the region (Veiga et al. 2001 b). Its nutritive value is not as
high as of Panicum spp, but allows live weight gains of around 600-800 g/day. Moreover, it is very
competitive with weeds that tend to grow as pasture management fails or soils fertility declines. The
soil cover of Brachiara brizantha is dense and its roots are deep, which allows a reasonable forage
production during the dry season.
Thirdly, few agricultural alternatives can compete with cattle ranching in the Amazon. Whereas
mechanized soybean or annual crop may allow large benefits, few farmers and agribusiness companies
are yet to invest on it. Large producers prefer to stay in the livestock production and marketing chain,
while wait for specific loans to invest in agroforestry or annual crops, even if the succession of 2-3
years of annual cropping followed by 5-8 years of pastures has a great potential, particularly in drier
region of the Northern Mato-Grosso or South- Eastern Pará States. These alternatives depend also on
the development of local technological skills.
In many regions, some smallholders have faced major difficulties due to price fluctuations of perennial
crops and to crop diseases, mainly with cocoa, sugarcane, pepper and coffee. Some small farmers who
have diversified their production systems with typical Amazonian crops, such as cupuaçú and guaraná,
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have not succeeded in the long term. The exploitation that may better fit to smallholders’ features is
milk production, also linked to cattle ranching. Diversified farming systems based on meat and milk
production seems to be the main sustainable alternative for small farmers in the Amazon, what need to
be confirmed in the long term (Veiga et al. 2001c).
THE EMERGENCE OF MORE SUSTAINABLE FARMING SYSTEMS?
Recently, it has been noticed that large farmers are beginning to be concerned about their negative
ecological impacts. In Brazil, the current strategy of some farmers is to not rely only on timber
extraction and land tenure expansion. Some of them are trying to use new financial supports to reforest
degraded areas or to implement agroforestry systems. For example, in the South of Para, a large cattle
rancher has planted teck (a valuable timber tree) in his pastures, increasing land productivity and
decreasing environmental negative externalities (Piketty et al. 2001). Some smallholders have also
developed small-scale-agroforestry systems, integrating perennial crops with fruit or timber trees
(Smith et al. 1996). However, these experiences are still poorly developed, and sometimes only
experimental (Boulanger 2001), despite increasing governmental incentives.
CONCLUSION
Over the last thirty years, the Amazon rainforest has become one of the main cattle ranching regions in
the world. With 5 to 8% annual expansion, the growth of cattle herd is still strongly affecting forest
resources in this region. Negative ecological impacts are evident, however economic and social
constraint cannot always be generalized. Cattle ranching has allowed many smallholders to improve
their livelihoods, particularly through dairy production. Still poorly developed, more sustainable
farming systems are being encouraged by new international and national regulations, as well as by
society. Adequate solutions to avoid or minimize the negative ecological impact of development of
Amazon basin are necessary and part of these solutions will have to be found within the livestock
sector.
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SUMMARY
Currently, recommendations of fibre requirements for lactating cows grazing highly digestible
pastures are based on dietary neutral detergent fibre (NDF) concentrations. Data from experiments
investigating milk production responses of grazing cows to concentrate and forage supplements were
examined to determine if dietary NDF concentrations reliably predicted milk fat concentrations.
Within 2 pasture types, predominantly clover or ryegrass, dietary NDF concentration was related
(p<0.05) to milk fat concentration. However, the large variation within these relationships and the
differences between sward types highlighted issues with using dietary NDF concentration as a sole
predictor of milk fat concentration. The effective NDF (eNDF) system has improved the precision of
estimating fibre requirements of cows fed total mixed rations. However, when applied to our data,
there was no relationship between dietary eNDF concentration and milk fat concentration for cows
grazing either pasture type. More precise estimates of the effectiveness factors for grazed herbage
may assist in defining the minimum level of NDF required to maintain milk fat concentration.
Keywords: neutral detergent fibre, effective neutral detergent fibre, dairy cows.
INTRODUCTION
In the irrigation region of northern Victoria, insufficiency of neutral detergent fibre (NDF) for grazing
cows is likely to be an issue during periods of the year when highly digestible pastures are consumed
in combination with cereal grain (Wales et al. 2001). This can be when cows are grazing annual
pastures in late autumn and winter or perennial pastures in winter and early spring. Under most other
circumstances, cows are consuming NDF well in excess of recommendations and issues of excess
fibre associated with low energy densities of the diet become important (Wales et al. 1998; Wales et
al. 2000).
There have been many attempts to describe the fibre requirements of dairy cows. Presently, the
Standing Committee for Agriculture (1990) recommends that a quantity of roughage should be
included in the diets for dairy cows in order to avoid low milk fat syndrome and to maintain a stable
rumen fermentation. Though not definitive, they recommend an optimum level of NDF of 400 g/kg
DM (based on Mertens 1983), and a range in acid detergent fibre of between 200 and 250 g/kg DM
(based on Sutton 1984), below which milk fat concentration will tend to decline.
The AFRC (1993) does not specify fibre requirements. However, practical recommendations are that
dairy cows require 350 to 400 g NDF/kg DM of which 0.75 should come from forage with an average
particle length exceeding 1.5 cm (Chamberlain and Wilkinson 1996).
The NRC (1989) recommended a minimum of 250 to 280 g NDF/kg DM, with a minimum of 0.75
supplied by forage, for high-producing cows fed total mixed rations. This approach of
recommendations based on NDF concentrations does not take into account differences in particle size
of forages. Subsequently, the concept of effective NDF (eNDF) was adopted (NRC 1996) to describe
the ability of a supplement to replace forage, such that milk fat concentration was maintained. More
recently, the concept of physically effective fibre has been defined to relate the physical characteristics
of feeds, as measured by chewing activity or particle size, to rumen fluid pH (Mertens 1997). He
proposed that the physical effectiveness factor (pef) of individual feeds be based on chewing activity.
However, because the assessment of chewing requires experimentation with animals, an alternative
approach was developed based on the proportion of feed retained on a 1.18 mm sieve.
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The Cornell Net Carbohydrate and Protein System computer model (CNCPS, 2000) has further refined
eNDF to the percentage of NDF remaining on a 1.18 mm screen after dry sieving and adjusts this
value to account for density, hydration and degree of lignification of the NDF within classes of feeds.
Our hypothesis was that current definitions of NDF requirements are not appropriate for cows grazing
highly digestible pastures with moderate levels of supplementation.
MATERIALS AND METHODS
Experimental animals, design and diets
Data from three grazing experiments conducted at Kyabram (36o20' S, 145o04' E) and one experiment
conducted at Ellinbank (38o15' S, 145o93' E) during springs from 1998 to 2000 have been analysed.
Each experiment investigated the milk production responses in cows grazing highly digestible
perennial pastures alone or with concentrate and forage supplements. Descriptions of the cows used
and production immediately prior to each experiment and the digestibility of the pasture consumed
during the experiments are given in Table 1.
Table 1. Pre experimental conditions and digestibility of pasture consumed by cows
Site
Experimental period (days)
Number of cows
Days lactating
Milk yield (kg milk/day)
Milk fat (g/kg milk)
Condition score (8-point scale)
IVDMD pasture consumed (g/kg DM)

Experiment 1
Kyabram
21
24
44
26.2
39.3
771 - 778

Experiment 2
Kyabram
27
63
49
25.2
40.7
3.6
833

Experiment 3
Kyabram
27
48
43
29.9
40.4
4.0
743

Experiment 4
Ellinbank
25
60
31
29.6
39.1
4.4
830

In experiment 1, four groups of Holstein Friesian cows grazed either Persian clover (Trifolium
resupinatum L.) or perennial ryegrass (Lolium perenne L.) at two herbage allowances designed to
achieve similar intakes (either high or low) between pasture types (Williams et al. 2000). In
experiment 2, similar cows grazed perennial ryegrass pastures at an allowance of 19 kg DM/cow.day
(6 treatments) or 37 kg DM/cow.day (1 treatment) (see Wales et al. 2001). Five supplemented
treatments were 5.0 kg DM pelleted cereal grain, 2.5 kg DM pasture hay as pellets or cubes and 7.5 kg
DM grain plus hay, as either pellets or cubes. In experiment 3, the cows grazed subterranean clover
(Trifolium subterraneum L.) pastures at an allowance of 19 kg DM/cow.day. The 8 treatments were:
pasture-only; pasture plus 5.0 kg DM pelleted cereal grain, 0.5, 1.0 or 1.7 kg DM ryegrass straw; and
pasture plus 5.0 kg DM grain plus 0.5, 1.0 or 2.0 kg DM straw. In experiment 4, similar cows grazed
perennial ryegrass pastures at an allowance of 22 kg DM/cow.day. The 5 treatments were pastureonly, pasture plus 6.0 kg DM pelleted cereal grain, grain plus 300 g sodium bicarbonate, grain plus 2.2
kg DM high NDF hay and grain plus 3.9 kg DM low NDF hay. Treatments were replicated once in
experiment 1, twice in experiment 3 and three times in experiments 2 and 4.
The amount of herbage eaten by each group of cows was assessed using the methods and sampling
schedules described by Wales et al. (1998). Herbage and supplement samples were analysed for NDF in
the same laboratory using a modification of the methods of Van Soest et al. (1991). The effective NDF
was calculated by multiplying the NDF concentrations by the effectiveness factors (ef) in the feed library
of CNCPS (2000). This model quotes a single ef value of 0.41 for spring and summer grazed herbage
(no distinction between clover and grass-based swards), 0.98 for most hays, 0.4 for pelleted hay, 0.7 for
cubed hay and 0.3 for compounded pelletised grain. In each experiment, aliquot samples of milk were
collected from cows on at least 5 days/week during the experimental period and were analysed for
milk fat concentration by Fossmatic 4000/5000 Combi (Foss Electric, Denmark).
Statistical analysis
Relationships between NDF or eNDF concentration in the diet and milk fat concentration were
examined using regression analysis (GenStat v5). Data for each replicate was used, but they were
separated into data sets on the basis of pasture type, predominantly ‘clover’ or ‘ryegrass’.
RESULTS
Differences existed at the start of experiments in milk yield and body condition of the cows, but milk
fat concentrations were similar (Table 1). In experiment 1, the two swards contained 760 or 700 g/kg
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DM of Persian clover or perennial ryegrass. The other pastures contained over 510 g/kg DM perennial
ryegrass (experiments 2 and 4) and over 840 g/kg DM subterranean clover (experiment 3).
Average daily intakes on pasture only at low herbage allowances (<25 kg DM/cow) were 12.4 kg
DM/cow for ‘clover’ (3 replicates) and 11.2 for ‘ryegrass’ (7 replicates), while at the high allowances
(>25 kg DM/cow) they were 19.3 (1 replicate) and 16.5 (4 replicates) kg DM/day, respectively. The
NDF concentration of the ‘clover’ and ‘ryegrass’ consumed by cows averaged 302 (range 254 to 324)
g NDF/kg DM and 449 (416 to 492) g NDF/kg DM, respectively. The pelleted cereal grains contained
186 (164 to 231) g NDF/kg DM, and the hays/straws contained 678 (550 to 704) g NDF/kg DM.
In experiments 2, 3 and 4, milk fat concentrations were generally highest on pasture only or pasture +
hay diets, intermediate with pastures + cereal grain + hay diets and lowest with cereal grain
supplements. Across the experiments, milk fat concentration ranged from 34.3 to 42.3 g/kg milk. This
considerable range in conditions provided the basis to examine relationships between NDF or eNDF
and milk fat concentration, as a means of testing the robustness of recommendations for NDF in the
diet of grazing cows in Victoria.
The NDF concentration of the diet consumed by groups of cows was positively (p<0.05) related to
their milk fat concentration when grazing either ‘clover’ or ‘ryegrass’ pastures (Figure 1). However,
less than 56% of the variation was explained by these relationships and the relationships were quite
different for the 2 pasture types. There was no relationship between dietary eNDF concentration and
milk fat concentration (Figure 2).
y = 0.048 (0.015)x + 24.9
R2 = 0.56
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Figure 1 Relationship between neutral detergent
fibre concentration of diet and milk fat
concentration of groups of cows grazing either
◆) or ryegrass-based pastures ( ).
clover- (◆

Figure 2 Effective neutral detergent fibre
concentration of diet and milk fat concentration
◆) or
of groups of cows grazing either clover- (◆
ryegrass-based pastures ( ).

DISCUSSION
The variation in the relationships between dietary NDF concentration and milk fat concentration on
‘clover’ and ‘ryegrass’ swards, highlights the uncertainty associated with using NDF as a sole
predictor of declines in milk fat concentration. At an NDF concentration of 400 g/kg DM, the
optimum suggested by SCA (1990), actual milk fat concentrations ranged from 34.3 to 40.3 g/kg milk
for cows grazing ‘ryegrass’ swards. However, with ‘clover’ swards, milk fat concentrations above
40.0 g/kg occurred when dietary NDF concentrations were less than 350 g/kg DM. Many factors are
likely to contribute to these differences. For example, in recent research C.R. Stockdale (pers. comm.)
has shown that high milk fat concentrations in early lactation are dependent on high-energy intakes
and good body condition. The moderate condition of cows prior to experiments and the restricted
herbage allowance on most treatments would have influenced the relationships reported here.
Typically, clovers have higher pectin and lignin concentrations and a lower ratio of hemicellulose to
cellulose compared with grasses (Leaver 1985). A simple analytical procedure, such as NDF
extraction, does not fully represent the chemical make up of cell wall polysaccharides, as pectins are
solubilised. In addition, considerable structural heterogeneity exists within and between plant species.
At the same DM intake, there is little difference in time spent grazing, but less rumination, in cows
offered ‘clover’ compared to ‘ryegrass’ (Williams et al. 2000). This is presumably due to differences
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between the swards in chemical and structural characteristics that lead to increased rates of passage
and higher intakes of clover (Moseley and Jones 1984). In experiments 3 and 4, cows on the pastureonly (‘clover’ and ‘ryegrass’) treatments consumed 12.8 and 11.3 kg DM/day, grazed for 7.4 and 7.2
hours, ruminated for 5.5 and 5.4 hours, and spent 60 and 53 min chewing/kg DM, respectively. Their
milk fat concentrations were 42.4 and 40.3 g/kg, respectively. Mertens (1997) established that
chewing rate (min/kg DM) = (milk fat % - 2.5869)/0.0284, whereby estimated chewing rates to
achieve these milk fat concentrations were 58 and 50 min/kg DM; close to the actual rates recorded.
However, estimated and actual chewing rate data for other treatments were not well matched, and
there was a poor correlation between the limited number of actual data and milk fat concentrations.
The effects of physical characteristics of plant cell walls on milk fat concentrations led to the
development of the eNDF system (Mertens 1997). However, using the ef values in CNCPS (2000) to
calculate eNDF did not improved our ability to predict milk fat concentration in dairy cows grazing
high digestibility pastures. Currently the dry sieving technique is used as a surrogate for chewing
activity to determine the ef of components of rations (Mertens 1997), a technique that is not applicable
for grazed herbage. With cows grazing green pasture, it may be necessary to establish relationships
between chewing activity and milk fat concentration on different pasture types to improve estimates of
ef or to use alternative approaches to estimating eNDF. For example, Kolver and de Veth (2002) have
attempted to use rumen fluid pH as a predictor of eNDF.
To conclude, improved systems are needed for predicting insufficiency of structural carbohydrates in
the diet of cows grazing highly digestible pastures. Dietary NDF concentrations were not strongly
related to milk fat concentrations across the data analysed here. While the eNDF system is
conceptually a better approach, dietary eNDF concentrations were poorly related to milk fat
concentrations, presumably because the ef values used were not appropriate.
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SUMMARY
The production and financial consequences of operating a prime lamb breeding system and finishing
system are examined on a 400 ha grazing property on the NSW Central Tablelands. Fodder budgets
were used to generate typical production levels for the two systems upon which economic analysis
was completed. Ten thousand lambs were marketed from the finishing system compared to 2,500 from
the breeding system. The finishing system allowed stocking rate, pasture utilisation and kilograms of
lamb marketed per hectare to be increased. Profit per hectare was higher for the finishing system
($204/ha) than the breeding system (-$16/ha). The environmental and financial risk associated with
the lamb finishing system is greater and a high level of flexibility in grazing management is required.
Keywords: pasture utilisation, lamb production systems
INTRODUCTION
Lamb marketing alliances have support across retail, wholesale and production sectors but it is the
building of mutually beneficial links between specialist lamb breeders and finishers that has the
potential to change the structure of the lamb industry.
The efficiency of pasture utilisation is a major factor affecting the ability of producers to keep the cost
of production per kilogram of lamb carcase below the current market price. Approximately 70% of
pasture is utilised in maintenance of the breeding flock (Dickerson 1978). A specialist lamb finishing
system can be more profitable and provide greater grazing flexibility than running breeding ewes in
high rainfall regions. To increase efficiency of pasture utilisation, specialist finishers are considering
running fewer ewes and finishing more lambs. To do so, they require a good understanding of pasture
budgeting and a reliable supply of feeder lambs of known genetic merit, grazing history, grass seed
contamination and disease status. Currently, finishers who purchase store lambs usually buy low
growth potential lambs which fail to make slaughter weights at a young age and these lambs prove
difficult to finish to heavy market specifications as they become over-fat at higher liveweights. On
the other hand, many lambs are bred in regions where it is expensive to finish them when high quality
pasture is not available. Finishers and breeders also have to play the short-term store lamb markets,
which vary in price due to seasonal supply and slaughter prices.
The objective of this paper is to examine the benefits and costs associated with two systems of
dryland lamb production in high rainfall regions such as NSW Central Tablelands. One is based on
the typical second cross lamb breeding system using Border Leicester x Merino ewes and the other on
a lamb finishing system where crossbred feeder lambs sired by high performance LAMBPLAN tested
rams are purchased on a contract basis for finishing.
MATERIALS AND METHODS
The model ProPlus (McPhee et al. 1998) was used to generate fodder budgets from average monthly
pasture growth rates for the two production systems, involving introduced pastures of phalaris,
cocksfoot, annual grass and sub-clover on a typical 400ha property in the NSW Central Tablelands,
altitude 800m or above with average annual rainfall 900mm.
The decision support model Grazfeed (Freer et al. 1997) was used to examine the effect of pasture
quality, animal intake and subsequent growth rates as the ProPlus fodder budget does not take pasture
digestibility into account. No supplementation was included in either system for ease of comparison
but supplement will be needed to finish lambs in poor seasons. Everest (2001) outlines several
measures of profitability, for this analysis we used enterprise gross margin and profit per hectare.
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Livestock numbers and production information from ProPlus was analysed using gross margins for
each system. Profit per hectare was calculated by applying constant overhead costs per hectare to
each system gross margin. These overhead costs used are typical of tablelands grazing operations and
are derived from producer benchmarking studies (Phillip Graham, Pers Comm). They include items
such as rates, electricity, salaries, repairs, maintenance, pasture establishment, but not a change in
value of livestock on hand.
Breeding system analysis

Finishing system analysis

2000 1st cross ewes
2500 lambs marketed (125%)
80% of annual slaughter - 20kg carcase weight
20% of annual slaughter - 22kg carcase weight
Lamb price - $2.20/kg carcase weight
Skin value $5.00
Ewes cast for age
6.5 years
Flock mortality
4.0%
Ram percentage
1.5%
Ram replacement cost
$400
Ewe replacement cost
$45
Interest on livestock capital
9%
Variable cost/lamb
$23.70

10,000 crossbred lambs finished
Lamb purchase weight - 30kg
Purchase price - $1.00 kg/liveweight
- $30/head
Purchase period - September to November
Marketing period - January to June
1000 lambs remain to be finished post February
80% of annual slaughter - 20kg carcase weight
20% of annual slaughter - 22kg carcase weight
Lamb price - $2.20/kg carcase weight
Skin value $5.00
Flock mortality
4.0%
Interest on livestock capital
9%
Variable cost/lamb
$34.67

RESULTS
10,000 lambs were marketed in the finishing system compared to 2,500 in the breeding system. The
lamb finishing system utilised more pasture dry matter than the breeding system, (57% vs 45%) and
stocking rate was increased by 27% from 9.7 to 12.3 DSE/ha. The kilograms of lamb marketed per
hectare was increased by more than 450% from 110 kg to 510 kg indicating that less pasture is used in
maintenance of the lambing ewe in the finishing system. Profitability was improved from -$16/ha to
$204/ha
Tables 1 to 3 describe the results obtained.
Table 1. Fodder budget

July
August
September
October
November
December
January
February
March
April
May
June

Pasture growth
kg DM/day

Decay kg
DM/day

Growth - Decay

6
8
15
45
70
45
20
15
16
25
15
10

0
0
0
0
0
5
15
40
31
20
0
0

6
8
15
40
70
40
5
-25
-15
5
15
10

1st cross ewe
system
kg DM/ha
784
815
935
1756
3421
4351
3998
2854
1970
846 - green DM
1051
1128

Lamb finishing
system
kg DM/ha
986
1234
1564
1773
2726
2850
2199 (400 green)
1384 (354 green)
834 (362 green)
846 - green DM
1187
1360

Table 1 indicates the total pasture available at end of each month. The autumn break rain was
assumed to occur on April 1st and any remaining dead pasture was then of little significance in the
fodder budget for the rest of the growing season as the green component in the pasture was selectively
grazed by lambs. The green pasture component was critical for lamb growth in the summer months
due to its high digestability and metabolizable energy (ME, MJ/kg DM). ME was obtained from a
commercial laboratory (Feedtest®). Grazfeed (Freer et al. 1997) predicted slow positive lamb growth
(30 g/hd/d) during January, February, and March from the green and dead pasture available without
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supplementation in the finishing system. 175 g/d lamb growth was assumed on the green pasture
available in April (846 kg green DM/ha).
Pasture decay rates as in Table 1 were a critical factor in the sensitivity of the fodder budget. An
average of 26kg/d of dry matter loss over the months January to April was estimated. The rate of loss
as a percentage of dry matter on offer (DMO) at the end of spring was 26/4351 = 0.6% per day in the
breeding system and 26/2850 = 0.9% per day in the finishing system due to greater pasture utilisation
and subsequent lower DMO at the end of spring in the finishing system. Doyle et al. (1996)
calculated average rate of loss as a percentage of DMO at the end of spring to be 1.28% for annual
pastures on the South Coast of Western Australia and Orsini (1990) suggested a range of 0.20 to
0.40%/day for pastures in South Western Australia.
Table 2. Annual production performance of two different lamb production systems
2nd cross lamb breeding
system
1. Area grazed (ha)
400
2. No. lambs marketed
2500
3
Lamb carcase weight marketed (kg)
44,000
3. Stocking rate (DSE1/ha)
9.7
4. Estimated pasture DM. used (kg)
4080
5. Annual pasture growth (kg DM)
8550
6. Efficiency of pasture use (%)
45
7. Lamb carcase marketed/ha (kg)
110
1
DSE is defined in the fodder budget as 400 kg of dry mater consumed.

Lamb finishing system
400
10,000
204,000
12.3
5040
8550
57
510

Table 3. Annual financial performance of two different lamb production systems
1.
2.

GM/ha
Variable costs/ha

3.
4.

Overhead costs/ha
Total costs/ha (including variable
and fixed)
Cost of production/kg carcass
Total income/ha
Profit/ha

5.
6.
7.

2nd Cross lamb breeding system
$232
$148 (includes interest on livestock
capital, replacements ewes & rams)
$100
$99,256/400 = $248

Lamb finishing system
$303
$867 (includes interest on capital
for purchased lambs)
$100
$386,749/400 = $967

$2.24 excluding skin value
$92,648/400 = $232
-$16/ha

$1.90 excluding skin value
$468,264/400 = $1171
$204/ha

DISCUSSION
Pasture management and risk
Good pasture management is critical. Yearly pasture growth and animal demands were more closely
matched in the finishing system. Pasture growth rates were assumed to be similar for both systems
(Table 1) however, the grazing pressure placed on the perennial pastures in late spring, with the
higher lamb numbers of the finishing system, would extend the vegetative phase of plant growth and
improve pasture quality.
For the finishing system to be maintained long term, greater consideration would need to be given to
the persistence of perennial grass pastures. A periodic rest from grazing in January and February is
required to allow perennials to replenish carbohydrate reserves and set seed about once every three
years. This may involve reducing the number of lambs carried during January and/or marketing at
lighter weights. The removal of phalaris trash and the allelopathic effect on sub-clover germination in
autumn is a major pasture management issue for the breeding system to maintain pasture quality.
The environmental risk associated with the finishing system (Table 1) is higher with reduced pasture
cover in autumn. The fodder budget was managed to minimise erosion risk by maintaining more than
800 kg dm/ha dry matter through autumn. To achieve this, 9000 lambs had to be sold by February
and only 1000 carried through the autumn in the finishing system. However, greater management
flexibility for the finishing system is available to the lamb producer as decisions can be made about
the number of lambs finished and the need for a back-up finishing system such as
silage/grain/irrigation as another management strategy. The breeding system has to maintain the ewes
through pregnancy, offering reduced opportunity to lower stock numbers.
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Profitability differences
The finishing system involved higher costs than the breeding system but was more profitable (Table
3). The cost of production for a kilogram of lamb carcase, excluding skin value was higher for the
breeding system ($2.24) compared to the finishing system ($1.90). The cost of production figure is a
useful marketing tool for lamb producers when negotiating sale price. Fodder budgeting allows the
producer to scope the feasibility of manipulating stock numbers to increase the kilograms of lamb
marketed per hectare thereby reducing the cost of production per kilogram and per hectare.
This analysis did not take into account the likelihood of high phosphorus removal per hectare from the
finishing system due to higher kilograms of carcase weight marketed in the finishing system. Longerterm analysis should include higher phosphorous costs for the finishing system. Pasture maintenance
costs, including fertiliser are included in the $100/ha overhead cost that was constant for both
systems. A significantly higher cost per hectare is incurred in the finishing system exposing the
producer to a higher financial risk. Substantial capital is required to fund the purchase of feeder
lambs. Interest of $28,248 on the purchase of these lambs was included in variable costs.
The profitability of the two systems is sensitive to lamb price. The slaughter lamb prices used were
conservative at $2.20 per kilogram dressed weight. A 30% improvement on this price is possible. An
increase in price would favour the profitability of the finishing system due to 4.5 times the amount of
lamb marketed per hectare. Lamb price risk to the finisher can be managed using existing marketing
relationships that involve alliances, forward contracts and preferred supplier status. Substantial supply
risk exists for the finishing system. Currently there is only a limited mechanism for sourcing quality
lambs and managing price risk for breeders and purchasers of feeder lambs. A large proportion of the
yearly supply of feeder lambs should be procured on a contract basis to minimise this risk. Pricing
mechanisms for feeder lambs need to be linked to slaughter contract prices. For this analysis, $1.00
per kilogram live weight for feeder lambs was used, which equates to $2.20 per kilogram dressed
weight for slaughter lambs when a dressing percentage of 45% is assumed.
It is concluded that specialist lamb finishing systems have potential to improve the efficiency of
pasture utilisation and profitability in reliable rainfall regions.
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DRY MATTER INTAKE OF DAIRY COWS GRAZING IRRIGATED PERENNIAL
PASTURES ESTIMATED BY THREE METHODS.
Y.J. WILLIAMS AB, W.J. WALES B, P.T. DOYLE B and J.W. HEARD B.
A
B

Department of Animal Production, ILFR, University of Melbourne, Parkville, VIC 3052
Dept of Natural Resources and Environment, Kyabram Dairy Centre, 120 Cooma Rd, Kyabram, VIC 3620

SUMMARY
Dry matter intake of dairy cows grazing pasture based on perennial ryegrass (Lolium perenne L.)
pasture at low or high herbage allowances was estimated from pre- and post-grazing pasture masses
(PMM), using n-alkanes or by calculations based on cow performance and published estimates of
energy requirements (PERM). Pasture intakes were lower (14.1 vs 17.1 kg DM/day) (p<0.05) at low
compared to high herbage allowance when estimated using PMM, PERM and C31/C32 alkanes. When
C33/C32 alkanes were used, there was no difference in intake between the 2 allowances (18.5 vs 18.6 kg
DM/day). The estimates of intake using n-alkanes were higher (p<0.05) than for PMM or PERM.
Sources of error and uncertainty with each method are discussed.
Keywords: alkanes, pasture mass, pasture intake
INTRODUCTION
Pasture intake of grazing dairy cows is affected by pasture allowance (Wales et al. 1998). Within a
herd, the time spent grazing, bite size and behavioural interactions between cows affect intake and
performance of individual animals. Measurements of pre- and post-grazing pasture mass (referred to
as pasture mass method, PMM) are regularly used to estimate pasture consumed by groups of cows,
but this gives no indication of the variation in intake between individuals within a herd.
Dosed and herbage n-alkanes can be used as markers to estimate intake of individual animals fed in
pens or at grazing (Dove and Mayes 1991). In experiments with grazing cows fed supplements,
estimates of DM intake obtained from PMM and n-alkanes have corresponded for some treatments,
but in many instances have been quite different (Reeves et al. 1996; Robaina et al. 1998).
This paper compares the intakes of groups of cows grazing irrigated pastures based on perennial
ryegrass (Lolium perenne L.) using PMM or n-alkanes. A third estimate of intake was calculated
(referred to as PERM) from measurements of cow performance and published estimates of energy
requirements (SCA 1990).
MATERIALS AND METHODS
The treatments were low and high (19 vs 38 kg DM/cow/day) herbage allowances for cows strip
grazing irrigated perennial ryegrass/white clover (Trifolium repens L.) pasture. The 2 treatments were
replicated 3 times with 3 non-pregnant cows per replicate of which 1 had a rumen fistula. The
methods for pasture allocation and assessing the amount of pasture eaten by each group between days
31 and 38 of the experiment using PMM have been described by Wales et al. (2001). Each day
between 50 and 100 plate meter readings were taken in the pre- and post- grazed areas for each group
of cows. The regression equations for pre- and post-grazing pasture masses were based on over 140
and 110 calibration cuts, respectively.
Samples representative of pasture offered to cows and of the residual pasture remaining after grazing
were collected daily. They were analysed for in vitro DM digestibility (IVDMD) by the methods listed
by Wales et al. (2001) and the IVDMD (%) of pasture consumed by cows was calculated as described
by Wales et al. (1998). Estimated metabolisable energy (ME) concentration (MJ/kg DM) of the
consumed pasture was calculated as: ME = 0.17 x IVDMD - 2.0 (SCA 1990).
All cows were dosed (intrarumenally - fistulated cows; orally - non-fistulated cows) with a slow release
alkane capsule (Captec NZ Ltd.) containing the C32 and C36 even chained alkanes on day 26 of the
experiment. Faecal samples were collected, twice daily after milking, between days 33 and 40.
Individual faecal samples were frozen and then dried at 60oC, ground through a 1 mm screen and bulked
on a dry weight basis for each cow before extraction and analysis for alkanes. To determine
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concentration of alkanes in the diet, samples of herbage to represent that eaten by the cows were taken
daily by cutting to the height of post-grazed pasture in each grazing area. They were freeze dried,
ground through a 1 mm screen and bulked on a dry weight basis for each grazing group before analysis
for alkanes. The concentration of C35 alkane in these samples was less than 10 mg/kg and, hence, the
combination of C35/C36 alkanes was not used to estimate intake. To enable calculation of the daily dose
of C32 alkane, capsules were weighed prior to dosing and after recovery from the rumen of fistulated
cows on days 33, 36, 38 and 40. The release rates varied from 400 to 470 mg/day with no significant
effect of herbage allowance. The average measured release rate (440 mg/day) was used for all nonfistulated cows and this rate was higher than that specified by the manufacturer (400 mg/day).
Alkanes in faeces and herbage were extracted using a modification of the direct saponification method
of Dove (1992); omitted was the evaporation of the extract to dryness and redissolution in heptane
prior to elution on a silica gel column. Alkane concentrations were measured in a Perkin Elmer Gas
Chromatograph fitted with a flame ionisation detector.
Pasture intake was calculated from herbage and faecal concentrations of the natural C31 and C33 and the
dosed C32 alkane using the following equation:
Daily herbage intake (kg DM/day) = (Fi/Fj*Dj)/(Hi-((Fi/Fj)*Hj))
where Fi and Hi were the faecal and herbage concentrations of C31 or C33 alkane (mg/kg), Fj and Hj were
the faecal and herbage concentrations of C32 alkane (mg/kg) and Dj was the daily dose of C32 alkane
(mg/day).
For PERM, the intake of individual cows was also estimated from the liveweight (W), milk production
and condition score change of the cows (Table 1) using energy requirements from SCA (1990). The
daily ME requirements for maintenance (MEm) were estimated as:
MEm = ((1.4(0.28W0.75exp(-0.03A)))/km)+ 0.1MEp+ (grazing energy/km)+(energy walking
to dairy/km)
Liveweight was the average value for a cow from measurements taken after the morning milking on
days 33 to 40. The amount of ME used directly for production (MEp) was calculated from net energy
required for milk production (NEl) as follows:
NEl (MJ/kg) = 0.0381 F + 0.0245 P + 0.0165 L
where F, P and L were the concentrations (g/kg) of fat, protein and lactose in milk.
Table 1. Average liveweights, daily milk production and composition during days 33 to 39, condition score
change over the whole experiment and daily grazing times for cows grazing perennial ryegrass-based
pastures at low or high herbage allowances.

Low allowance
High allowance
* 1 to 8 scale

Liveweight
(kg)
537
545

Milk
(kg)
20.4
24.3

Fat
(g/kg)
38
36

Protein
(g/kg)
28
30

CS change*
(units)
-0.2
0

Grazing time
(h)
6.6
7.9

Tissue mobilisation or deposition was estimated by using condition score to determine total body fat
percentage of cows at the start and end of the experiment by the equation:
Estimated Body Fat % = 4.4488 – (1.1603 x CS) + 0.31028 x CS2 (Gregory et al. 1998).
It was assumed that tissue mobilisation or deposition was uniform over the 41 days of the experiment.
Change in body fat percentage was converted to kg of fat using W. The net energy for fat was 39.3
MJ/kg and it was assumed that only fat was mobilised or deposited, as cows were more than 8 weeks
into lactation. The efficiency with which fat was mobilised and used for milk production was 0.84 and
the efficiency with which dietary ME was used for fat deposition was 0.60.
Additional energy used for grazing was calculated from time spent grazing as 2.5 kJ/h.kg W (SCA
1990) as grazing animals spend longer eating the same amount of DM compared with housed animals.
The energy required for cows to walk to and from the dairy twice daily on flat terrain was calculated
from distance walked to and from the dairy multiplied by 2.6 kJ/km.kg LW. No account was taken of
the energy used for walking while in the grazed strip.
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The estimated ME of pasture consumed was assumed to be the same as that determined from samples
of pre and post-grazed pasture as described by Wales et al. (1998). Pasture intake was calculated by
dividing the daily ME requirements of the cow from dietary sources by this estimated ME.
The effects of herbage allowance and method of estimation (PMM, PERM and C31/C32 alkanes or
PMM, PERM and C33/C32 alkanes) on pasture intake were compared by analysis of variance.
RESULTS
Pasture intake increased (p<0.05) with herbage allowance for PMM, PERM and when estimated using
C31/C32 alkanes (Table 2). There was no effect of allowance when C33/C32 alkanes were used. Both
alkane pairs estimated intakes higher (p<0.05) than the other methods and there was an interaction
(p<0.05) between allowance and method of intake estimation when C33/C32 alkanes were used.
Table 2. Pasture intakes (kg DM/cow/day) for cows grazing perennial ryegrass-based pastures at low and
high herbage allowance estimated from pre- and post-grazing pasture mass (PMM), production data and
published estimates of energy requirements (PERM) or C31/C32 and C33/C32 alkanes
PMM
PERM
C31/C32 alkanes C33/C32 alkanes
20 kg DM/cow/day allowance
11.8
13.0
17.6
18.5
40 kg DM/cow/day allowance
16.4
15.4
19.6
18.6
s.e.d. for PMM, PERM and C31/C32 alkanes comparison for herbage allowance 0.46 and for method 0.75.
s.e.d. for PMM, PERM and C33/C32 alkanes comparison for herbage allowance 0.20 and for method 0.43.

Individual cow intake estimates by C31/C32 and C33/C32 alkanes, respectively, varied 13.8 - 21.5 and
14.3 - 21.7 kg DM/day at the low and 15.8 - 25.2 and 16.2 - 21.3 kg DM/day at the high allowance.
The variation between individual cows using PERM was much lower at the low allowance (11.8 - 14.7
kg DM/day) and lower (12.8 - 17.7 kg DM/day) than C31/C32 estimates at the high allowance.
DISCUSSION
Pasture intake generally increased with increasing herbage allowance, which is consistent with
previous research (Wales et al. 1998). However, PMM and PERM appeared to give better estimates
of intake and indicated greater effects of herbage allowance. The errors or assumptions that may
affect each estimate of intake are discussed below.
Known inaccuracies in PMM are that post-grazing plate meter readings exclude areas that have been
defaecated on and, therefore, result in an estimate of residual pasture mass that would be lower than
the actual value. The method also assumes no loss of pasture due to trampling. With the number of
plate meter readings and calibration cuts taken our errors due to trampling were likely to be small,
although their magnitude is unknown. Both errors would result in an overestimation of pasture intake,
but the intake estimates by this method were the lowest in this study. Robaina et al. (1998) drew
attention to the inadequacies of their measurements of post-grazing pasture mass, yet for some
treatments estimates of intake by PMM and n-alkanes were not different. The comparisons of
different methods of intake made by Reeves et al. (1996) involved kikuyu pastures where the
stoloniferous mat made it difficult to calibrate plate meter readings to herbage mass.
While PMM has given reasonable estimates of the amount of DM removed from the irrigated
perennial ryegrass pasture that was being grazed, other errors may affect the estimates of DM intake.
Precautions were taken to minimise grazing outside the strip allocated to each group and during
movement to and from the dairy. Mayne et al. (1997) reported maximum intake rates by fasted cows
in short-term grazing of high quality perennial ryegrass of 3.5-4.0 kg DM/hr. If cows on the low
herbage allowance were able to graze for up to 20 minutes while travelling to and from the dairy then
they may have consumed about 1.2 kg DM outside of the grazed area. Such errors would reconcile the
small, but non-significant differences between PMM and PERM at the low herbage allowance.
PERM uses generalised equations to estimate intake and these do not necessarily account for
differences between animals in digestion or efficiency of use of nutrients. Hence, while the estimates
of intake at a herd level may be reasonable, variation between animals may be underestimated. The
following may contribute to errors in PERM estimates of intake. Firstly, the ME concentration of
pasture used did not necessarily represent what the cows consumed or derived from the pasture. It was
derived from in vitro estimates of digestibility calibrated to standards for which in vivo digestibility
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was measured in sheep fed at maintenance. Secondly, while the measurements of live weight, milk
production and composition were robust, the estimates of tissue mobilisation or deposition were
subject to errors but their contribution was small (<2 MJ ME/day). The calculations used by Reeves et
al. (1996) did not account for energy used in grazing or walking to and from the dairy and Robaina et
al. (1998) did not account for the latter. This may account for 1 to 1.5 kg DM/day
Reeves et al. (1996) reported increases in estimates of pasture intake as the chain length of the alkane
used increased from C31/C32 to C33/C32 and C35/C36 alkanes. The C33/C32 alkane pair gave intake
estimates that were closest to the PMM and PERM. They concluded that intakes estimated by PMM
were not as accurate as those estimated by n-alkanes when cows grazed kikuyu pastures. In the
current study, intake estimates by n-alkanes indicated pasture utilisation was between 88 and 93% of
the pre-grazing pasture mass at the low herbage allowance. The post-grazing pasture mass data (1.9 t
DM/ha) indicate these estimates of intake were high. Pasture utilisation at this level is only likely on
pure clover swards grazed at restricted allowances (Stockdale 1992). Further, there was a difference
in milk production between the low and high herbage allowance treatments of 4 litres, yet the C33/C32
alkane pair indicated no difference in ME intake.
Table 3. Sensitivity of the n-alkane technique to various assumptions.
Variable
Alteration
Effect on intake estimate
Faecal recovery
C33 5% less than C32 or C33 5% more than C32
Increased by 8% or decreased by 8%
Composition of
10% more ryegrass and 10% less clover which
C31/C32 estimate decreased by 6%
pasture consumed increased herbage C31 and C33 by 7 and 13%
C33/C32 estimate decreased by 15%
C32 Dose rate
Decreased by 10%
Decreased by 10%

Estimates of intake using alkanes were sensitive to the assumption that faecal recoveries of the alkane
pair used were similar (Table 3). Dove and Mayes (1991) reported similar faecal recoveries for
C33/C32, but Reeves (1997) reported considerable variation between cows, indicating the magnitude of
errors shown in Table 3 were not unreasonable where small numbers of cows have been used.
Inaccuracies in predicting what cows select and differences between individual cows also result in
errors with the alkane technique (Newman et al. 1998). The pasture grazed in this experiment
comprised 51% perennial ryegrass (C31, 212 mg/kg and C33, 92 mg/kg) and 22% white clover (C31, 73
mg/kg and C33, 8 mg/kg). A 10% change in the amount of ryegrass or clover in the material consumed
would have markedly affected intake estimates based on C31 or C33 alkanes (see Table 3). Errors in the
dose rate (eg. 400 vs 440 mg/day) would have changed estimates of intake by about 2 kg DM/day
(Table 3). Finally, errors in our analyses of alkanes cannot be discounted and may also have led to
errors in intake estimates (Newman et al. 1998).
It appeared that under the conditions used in this study that PMM and PERM gave better estimates of
pasture intake than n-alkanes. However, the alkane technique gave an insight into the considerable
variation in intake that may occur within a herd.
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SLAUGHTER PIGS DURING TRANSPORT
C.S. ÁBRAHÁM A, Z.S. LAKOS A, J. MIKA B, M. MISKUCZA C and E. SZUCS A
A

Szt István University, Fac. of Agricultural and Environmental Sciences, P.O. Box 303. H-2103 Gödöllö, Hungary
Hungarian Meteorological Service, Kitaibel Pál u. 1. H-1024, Budapest, Hungary
C
Gyula Packing Plant Ltd., Kétegyházi u. 3.H-5700, Gyula, Hungary
B

During transportation of pigs a number of factors can increase the mortality rate such as genotype,
distance, road quality, type of lorry, and most importantly the weather conditions (Grandin, 1997). Both
extremely high and low temperatures (combined with increased air velocity) could easily double the
mortality rates resulting in considerable economic losses. In order to reduce high mortality rates,
preventive measures have to be taken.
Thus, the aim of this study was to the establish effects of the selected meteorological factors on transport
loss in pigs. Daily transport data of three large-scale pig producers (Farm A, B and C) has been analyzed
for a two years period (N=87082). Shipping distance (120 km) from farm to abattoir was the same for
each farm. Pigs on Farm A belonged to a stress susceptible hybrid whereas pigs on Farm B and C were
stress resistant strains. Mortality rate (MT) for each lorry was recorded. The study was conducted at the
Gyula Packing Plant (Hungary). Daily meteorological data recordings included daily minimum,
maximum and average temperature values (Co), relative humidity (%) and precipitation (mm). The data
were recorded at the local station of the Hungarian Meteorological Service. Loading started early in the
morning and transport duration lasted for three hours generally. Consequently, attention was focussed on
the relationship of daily minimum temperature (Tmin) and mortality rate (MR) using regression analysis.
Database was processed by SPSS 10.0 Program Packages for Windows.
The results of the regression analyses are summarized in Table 1. The findings reveal close, quadratic
relationship between Tmin and MR in stress-susceptible pigs (Farm A). Lower association was established
for both stress resistant populations of farm ‘B’ and ‘C’. The minimum value of the curve lies between 0
and 10 Cº, approximately. Thus, MR was the lowest in this temperature interval during transportation.
Below 0 Cº the mortality rate increases at a faster rate, than above 10 Cº within the range of 2.5-4.5 %,
and 25-3 %, respectively.
Table 1. Relationship of daily minimum temperature (Tmin) to mortality rate (MR) in pigs during transport
Dependent variable: mortality rate (%); Independent variable: daily minimum temperature (Cº)

A
Results of the regression analyses
R
0.28
R2
0.08
SE
1.12
F
7.98***
y=a+b1x+b2x2
a
2.503***
b1
-0.065***
b2
0.005***
***

B

C

0.22
0.05
0.53
1.63NS

0.15
0.02
2.32
0.32NS

0.724***
-0.008NS
0.002NS

2.685***
0.040NS
-0.005NS

P<0.001, NS=P>0.05

In conclusion, in stress susceptible pigs, significant effect of Tmin on mortality rate during short distance
transport was established in this study, which does not appear to be the case in stress resistant pigs.
GRANDIN, T. (1997). J. Anim. Sci. 75, 249-57.
Email: szucse@fau.gau.hu & eszucs.1@dpg.hu
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SUSTAINABLE DAIRY FARMING SYSTEMS FOR THE TROPICS
R.J. ANDREWS A, R.T. COWAN B, M.N. CALLOW A, R.G. CHATAWAY A, G.K. BAKE A, K.F. LOWE A,
R.J. MOSS A, W.K. EHRLICH A, I.K. BUCHANAN A, G.J. BUSBY A and G.D. HETHERINGTON A
A
B

Agency for Food and Fibre Sciences, Dept of Primary Industries, Mutdapilly Research Station, Qld 4306
Tropical Dairy Research Centre, University of Qld, Gatton, Qld 4343

Over the past 20 years there has been an average increase of 4% per annum in farm milk production in
Queensland. As result of deregulation it has been estimated that the northern Australian dairy industry
will need to make productivity gains in the order of 100% over 5 years. There are limited
opportunities to reduce the costs of production so most of this gain will need to be achieved through a
2- to 3-fold increase in milk output.
Table 1. Details of the 5 farmlet feed systems and desktop estimates of their performance
Estimates from desktop study
Milk
Labour Return on
(L/cow/ efficiency
assets
year)
(L/unit)
(%)
7 000
629 000
11.1

Forage system

Off farm feed

% Calving
in spring

Stocking
rate
(cows/ha)

1. Dryland, tropical pasture, grazing
(DP)
2. Limited irrigation (130 ML), tropical
and temperate pasture, grazing (LP)
3. Limited irrigation (130 ML), forage
crops, grazing and conservation (LC)
4. Full irrigation (720 ML), temperate
pastures, grazing with minimal
conservation (HP)
5. Full irrigation (1380 ML), silage
crops, feedlot, hay & silage/cow
(HF)

3.0 t grain,
1 t hay/cow
3 t grain,
1 t hay/cow
3 t grain

100

1.95

50

2.72

6 560

670 000

6.7

33

1.36

7 300

632 918

10.2

3 t grain

33

2.82

7 100

635 000

8.8

3t grain

50

4.12

9 650

990 000

9.9

L/cow

L/ha

L/cow

L/ha
L/cow

L/ha

L/cow

L/ha

L/cow

Milk production

L/ha

A comprehensive farmlet experiment was established at Mutdapilly in 2001 to investigate the
production, water use efficiency, sustainability, economic and social aspects of options to combat the
effects of deregulation. The experiment uses systems methodology to evaluate 5 very different tropical
dairy farming systems. These range from an extensive system based on rain-grown tropical grass,
fertiliser and concentrate through various systems of limited and high irrigation water availability
using either pastures or crops to a full feedlot based
on concentrate, lucerne and maize silage. All the
15000
systems share the same economic goals of a
minimum of 10% return on assets and 600,000 L per
labour unit. Seasonal calving percentages are
10000
matched to forage availability for the 5 farmlets.
The experiment will use published models such as
DairyMOD (Chapman et al. 2000) to compare
5000
predicted against actual outputs. This approach
allows the many interacting components of a system
to be incorporated at optimum levels, and provides
scientific interpretation through comparative analysis
0
DP
LP
LC
HP
HF
and modelling.
Figure 1. Milk production for the first 5 months

The experiment commenced in September 2001.
Desktop study estimates of the performance of the 5 farmlets (Table 1) show that all are expected to
achieve the labour criteria but only DP, LC and HF will possibly achieve the expected Return on
Assets. Milk production from the farmlets after 5 months is presented in Figure1. The good early
performance of DP is related to the high proportion of spring calving cows in the herd. The
conservatively low stocking rate from LC resulted in low production/ha.
CHAPMAN, D.F., FULKERSON, W.J., JOHNSON, I.R. AND PARSONS, A.J. (2000). Milestone Report 4 to
DRDC, The University of Melbourne.
Email: Kevin.Lowe@dpi.qld.gov.au
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CAPEWEED (ARCTOTHECA CALENDULA), A COMPONENT OF PASTURE
S.K.BAKER, D.B.PURSER, M.J.BARNES, J.R.WILLIAMS
CSIRO Livestock Industries, Floreat Park Research Laboratory, Private Bag 5, Wembley WA 6913

Capeweed is a common component of pastures in south-western Australia and can become a dominant
component in some years during autumn and subsequently in winter and spring. Capeweed is selected
by sheep grazing these pastures, based on data from analyses long-chain alkanes in faeces of sheep
grazing these pastures (unpublished data). Characters that can contribute to the nutritive value of
capeweed harvested from an ungrazed pasture at Bakers Hill, WA, over three years are presented here.
In vitro digestibility of dry matter (DM) was estimated for all samples according to Klein and Baker
(1993). Energies required to compress and shear the material were determined on oven-dried (900C)
material collected in one year using the techniques described by Baker et al. (1993). Neutral detergent
fibre content (NDF, % of DM) and ash-free acid detergent fibre content (ADF, % of DM) were
determined, for material collected over two years, using the methods described by Fonnesbeck (1976).
Kjeldahl nitrogen content (N, % of DM) and sulphur content (S, % of DM) were determined according
to Faichney and White (1983).
In vitro digestibility of DM appears to follow the NDF and ADF contents of capeweed inversely
(Figure 1), falling sharply from ca. 75% to ca. 55% with the close of the pasture-growing season each
year, most likely due to lack of precipitation. Associated with these changes were only slight increases
in the ratio of N:S (due mostly to a strong retention of S) in contrast to what is found usually in pasture
components in this environment (for example, see Revell et al. 1994), and a decrease in the energy
required to shear the material (Figure). There was no apparent effect of close of the pasture growing
season on energy required to compress the material (Figure).
Despite the poor digestibility in vitro, the low energy required to shear the material and a reasonable
ratio of N:S indicate that capeweed may have reasonable nutritive value at a time of the year when
pasture components are of poor nutritive value.
Year 2

Year 1

16

Year 1

Year 3

Year 2
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80

14

70
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8

ratio N:S
Energy required to
2
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compress (kJ/kg DM)

6
4
2

% of DM

See caption
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50
40

Neutral detergent fibre
Acid detergent fibre
in vitro DM digestibility

30
20

0
0

200

400

600

800

0

Days since October 28

200

400
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Days from October 28

Figure 1. Characters of capeweed (Arctotheca calenula) that may contribute to its nutritive value as a
component of pastures in south-western Australia.
BAKER, S.K., KLEIN, L., DE BOER, E.S. and PURSER, D.B. (1993). Proc. XVII Int. Grass. Congr., 592-3.
FAICHNEY, G.J. and WHITE, G.A. (1983). ‘Methods for the Analysis of Feeds Eaten by Ruminants’. (CSIRO:
Australia).
FONNESBECK, P.V. (1976). In ‘Proceedings of the1st International Symposium on Feed Composition., Animal
Nutrient Requirements and Computerization of Diets’ (Eds P.V. FONNESBECK, L.E. HARRIS and
L.C.KEARL) pp. 219-31. (Utah State University: Logan).
KLEIN, L. and BAKER, S.K. (1993). Proc. XVII Int. Grass. Congr, 593-5.
REVELL, D.K., BAKER, S.K. and PURSER, D.B. (1994). Anim. Prod. Aust. 20, 217-20.
Email: Sue.Baker@csiro.au
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METHANOGENS IN ZEBU-CROSS CATTLE, IDENTIFIED PRESUMPTIVELY WITH
IMMUNOFLUORESCENCE MICROSCOPY
S.K.BAKER A and T.F. KILMINSTER A,B
A
B

CSIRO Livestock Industries, Floreat Park Research Laboratory, Private Bag 5, Wembley, WA 6913
Present address: Western Australian Department of Agriculture, Merredin, WA 6415

Methanogens that have been isolated from the rumen and from faeces of ruminants belong to the
genera Methanobrevibacter, Methanomicrobium and Methanosarcina (Miller et al. 1986a). In this
study immunofluorescence microscopy was used to identify presumptively methanogens in rumen
contents that were available (preserved in formalin), from a study of the effects of monensin,
avoparcin and formaldehyde-treated casein supplements on production in Zebu-cross heifers with ad
libitum access to sorghum and supplementary molasses and minerals (Schlink et al. 1989).
Serum antibodies raised in rabbits to Methanobrevibacter ruminantium strain M1,
Methanobrevibacter smithii strains PS, B181 and ALI-A, Methanosarcina barkeri strain MS,
Methanobrevibacter arboriphilus strains DC, DH1 and AZ, Methanobacterium formicicum strain MF,
and Methanobrevibacter species (strain Z6, Miller et al. 1986b) (but not strains of
Methanomicrobium) were used as ‘probes’ in immunofluorescence microscopy (see Baker et al.
1998).
This is the first report of the likely composition of the rumen methanogens population in cattle using
such a wide array of antibody ‘probes’. Cells that resembled morphologically species and strains of
Methanobrevibacter and to which antibodies bound strongly were the most commonly observed
methanogens in these rumen samples (Table). Mbr. smithii has not been reported as an isolate from
the rumen, but the observations here of cells that resembled Mbr. smithii morphologically and to
which antibodies to strains of Mbr. smithii bound strongly are consistent with previous observations of
rumen contents of cattle (with a smaller array of antidodies probes’) and a sheep (Baker et al. 1998).
Methanogens that were identified presumptively as Mb. formicicum and as one strain of Mbr.
arboriphilus were found in only one group of cattle. Work is underway in our laboratory to use
immunofluorescence microscopy and molecular biological techniques to presumptively identify
methanogens isolated from the rumen of sheep and cattle using conventional culture techniques.
Table 1. Species of methanogens identified presumptively in rumen contents from Zebu-cross heifers
from Townsville, Qld (pooled samples from 5 heifers per treatment group)
Diet
Sorghum and molasses

Sorghum and molasses, plus 150mg
avoparcin/head/day

Sorghum and molasses, plus 150mg
monensin/head/day

Sorghum and molasses, plus 250g
formaldehyde-treated casein/head/day

Methanogens species (presumptive identification)
Methanobrevibacter smithii strains PS
Methanobrevibacter ruminantium strain M1
Methanobrevibacter species strain Z6
Methanobrevibacter smithii strains PS, B181, ALI-A
Methanobrevibacter ruminantium strain M1
Methanobrevibacter species strain Z6
Methanosarcina barkeri strain MS
Methanobrevibacter smithii strains PS, B181, ALI-A
Methanobrevibacter ruminantium strain M1
Methanobrevibacter species strain Z6
Methanosarcina barkeri strain MS
Methanobrevibacter smithii strains PS, B181, ALI-A
Methanobrevibacter species strain Z6
Methanobrevibacter ruminantium strain M1
Methanosarcina barkeri strain MS
Methanobrevibacter arboriphilus strain AZ
Methanobrevibacter formicicum strain MF

BAKER, S.K., CHAMBERLAIN, N.L., KICIC, A., KLEIN, L. and MUNYARD, K.A. (1998). Anim. Prod.
Aust. 22, 350.
MILLER, T.L., WOLIN, M.J. and KUSEL, E.A. (1986a). System. Appl. Microbiol. 8, 234-8.
MILLER,T.L., WOLIN,M.J., HONGZUE,Z. and BRYANT,M.P. (1986b). Appl. Environ. Microbiol. 51, 201-2.
SCHLINK,A.C., GORDON,G.L.R., PHILLIPS<M.W. and SUTHERLAND,S. (1989) pp. 355-7 In ‘The Roles
of Protozoa and Fungi in Ruminant Digestion’. (Eds J.V. Nolan, R.A. Leng and D.I. Demeyer (Penambul
Books: Armidale, NSW).
Email:Sue.Baker@csiro.au
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SUPPLEMENTATION OF CORRIEDALE EWES WITH MAIZE DURING THE LAST
WEEK OF PREGNANCY INCREASES PRODUCTION OF COLOSTRUM
G.E. BANCHERO AB, G. QUINTANS A, J.T.B. MILTON B and D.R. LINDSAY B
A
B

National Institute of Agricultural Research, Treinta y Tres 33000, Uruguay
School of Animal Biology, University of Western Australia, Nedlands, WA 6907

Murphy et al. (1996) fed ewes with lupins in the final week of gestation to enhance secretion of
colostrum. This strategy applied to ewes in Uruguay should also increase their production of
colostrum. Lupins are high in CP and ME but are unavailable in Uruguay. On the basis that it is
probably the high ME of lupins that provides the substrates for improved production of colostrum, we
argued that maize grain, of similar ME to lupins, would be as effective as lupins.
Sixty Corriedale ewes, 3-5 years old, were selected after synchronised mating and scanning for
pregnancy. They were penned 3 weeks pre-lambing and allocated to 4 groups (Table 1). The weight
and composition of colostrum from half-udder samples were measured at parturition and at 1, 3, 6 and
10 h post partum. The colostrum was analysed for components using a MilkoScan 50.
Table 1. Treatment groups
n
15
15
15
15

Mean
wt. (kg)

Lambs

Basal diet
(CP 18.5% DMD 60%)

48±1.4
48±2.0
53±1.9
52±1.7

Single
Single
Twin
Twin

Lucerne hay 1kg/d
Lucerne hay 1kg/d
Lucerne hay 1.4kg/d
Lucerne hay 1,4kg/d

Supplement
Treatment
Unsupplemented
750 g cracked maize
Unsupplemented
750 g cracked maize

Days
8.2
7.9

SU
SS
TU
TS

At lambing, the supplemented ewes had accumulated more than double the colostrum of
unsupplemented ewes and the response was greater but not significant in twin bearing ewes (Table 2).
The weight of colostrum after lambing remained higher in supplemented than in unsupplemented ewes
but three hours after lambing it was the same for single and twin bearing ewes. The total colostrum
solids in the first 10 h was 248 g in supplemented ewes and only 152 g in unsupplemented ewes. Most
of this difference was due to significant differences at lambing (P=0.006), because there was no
difference in total solids after 6 hours (27 vs 21 g). The percentage of lactose was also higher at
lambing in supplemented ewes (2.6 vs 1.6%; P=0.002) but did not differ six hours later (3.2 vs.2.8%).
The birth weights of the lambs were similar for supplemented and unsupplemented ewes.
Table 2. Mean and (SEM) for colostrum accumulated at parturition, and secreted 0-1, 1-3, 3-6 and 6-10
hours after parturition and birth weight of lambs from ewes supplemented or not with corn grain
Attribute
Colostrum (g)
At parturition
Parturition to 1 h
1-3h
3-6h
6 - 10 h
Birth weight (kg)

Treatments
SS

SU

TS

TU

339 (53.3)
120 (23.5)
79 (22.4)
80 (18.5)
103 (12.7)
4.1 (0.16)

145 (26.0)
77 (14.1)
66 (9.3)
69 (14.0)
117 (20.6)
4.0 (0.17)

536 (126.2)
203 (34.8)
163 (39.9)
147 (42.2)
201 (38.0)
3.3 (0.11)

197 (40.0)
102 (18.6)
90 (14.4)
96 (16.6)
145 (27.5)
3.2 (0.11)

Significance
Supplement Litter size
P=
P=
0.00
0.09
0.00
0.02
0.02
0.07
0.06
0.20
0.02
0.42
0.28
0.00

Strategic supplementation of Corriedale ewes with maize increased the weight of colostrum at
parturition and during the first 10 h. The colostrum and total solids available to the lambs during the
first 10 h was nearly doubled if the ewes were fed maize for 8 days prior to lambing. The strategic
supplement did not increase the birth weight of the lambs but enabled them to have access to almost
double the amount of colostrum for early nutrition. Maize grain was as effective as lupins, which
suggests that the ME supplied by both grains is the key to them stimulating production of colostrum.
MURPHY, P.M., MCNEILL, D.M., FISHER, J.S. and LINDSAY, D.R. (1996). Anim. Prod. Aust. 21, 227-30.
Email: gbancher@agric.uwa.edu.au
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THE EFFECT OF CALVING SEASON AND STAGE OF LACTATION ON THE MILK
PROTEIN CONCENTRATION OF QUEENSLAND DAIRY FARMS
D.G.BARBER A, N.R.GOBIUS B, I.J.C.HANNAH B, D.P.POPPI A and J.P.CANT C
A

School of Land and Food Sciences, University of Queensland, St Lucia, Qld 4072
QDPI, Mutdapilly Research Station, Peak Crossing, Qld 4306
C
Dept of Animal Science and Nutrition, University of Guelph, Ontario, Canada
B

A number of factors are known to affect milk protein concentration, including breed, environment,
management practices, disease status, stage of lactation, age, parity and nutrition of the dairy cow (De
Peters and Cant 1992). A combination of, or an interaction between these factors, can significantly
affect milk protein concentration. Calving season has also been found to affect the lactation curve of
milk protein concentration (Garcia and Holmes 2001, White 2001). This effect is likely to be an
important issue in Queensland due to the year-round calving pattern, which is primarily a relationship
between the seasonal changes in the nutritive value of pastures and stage of lactation. The aim of the
on-farm monitoring program conducted over a 12-month period in Queensland was to identify the
main factors and interactions that affect milk protein concentration. The study is part of a Dairy
Research and Development Corporation (DRDC)-funded national project, also being conducted in
Western Australia using a similar data collection and analysis protocol.
Twelve farms were monitored in the southeast Queensland region over a 12-month period for
nutritional, environmental, animal and management factors that might influence milk protein
concentration. Farms were selected for low and high milk protein content (av. of 3.04 and 3.23 %
(m/v), respectively) and their seasonal variation (range between the peak and trough is 0.29 and 0.46
% units, respectively) in milk protein concentration. Milk composition and time of calving data were
collected from monthly herd recording of individual animals.
Table 1. The effect of calving season and stage of lactation (SOL) on average milk protein concentration
(%, m/v) from 12 Queensland dairy farms
Milk Protein
Status
High farms
(n=6)

SOL
(days)
1-100
101-200
201-310

Spring
3.09a
3.24b
3.30c

Low farms
(n=6)

1-100
101-200
201-310

2.86d
3.08e
3.34c

Calving Season
Summer
Autumn
3.02a
3.13a
3.26b
3.22b
3.44c
3.35c
2.94d
3.06e
3.29c

2.93d
3.04e
3.26c

Winter
3.17a
3.09b
3.34c
2.94d
2.98e
3.34c

Values with the same superscript are not significantly different at P=0.05

There was no significant (P>0.05) difference in the milk protein concentration between calving
seasons, however lactation curves of milk protein concentration do show some variation between
seasons at different stages of lactation. Garcia and Holmes (2001) also found differences in the
lactation curves of milk protein concentration at various stages of lactation between spring- and
autumn-calved cows. Significant (P<0.05) differences were seen between high and low farms at the 1100 and 101-200 stages of lactation, with no differences seen at the 201-310 SOL. This suggests that
cows on low milk protein farms have a lower protein content during early and mid lactation, then rise
in late lactation to concentration levels of a similar value to cows on high protein farms. The
interactions between nutrition, environment and management during peak lactation are likely to be
contributing to this SOL effect between farms. In conclusion, there seems to be a greater effect on
milk protein concentration from SOL than from calving season.
DE PETERS, E.J. and CANT, J.P. (1992). J. Dairy Sci. 75, 2043-70.
GARCIA, S.C. and HOLMES, C.W. (2001). Livestock Prod. Sci. 68, 189-203.
WHITE, C. (2001). UQ062 Milestone Report No2 for DRDC - An analysis of factors associated with variations
in milk protein concentration in Australian dairy herds.
Email: s402161@student.uq.edu.au
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A COMPARISON OF ESTIMATES OF MEAN FIBRE DIAMETER, VARIATION IN FIBRE
DIAMETER AND FIBRE CURVATURE BETWEEN OFDA2000 AND CONVENTIONAL
LABORATORY BASED FIBRE TESTING
R.BEHRENDT, K.KONSTANTINOV, F.BRIEN, M.FERGUSON and C.GLOAG
Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton Vic 3300

Conventional midside testing under the Australian and New Zealand Standards (AS/NZS 4492 2000)
has a precision (95% confidence limit) of ± 1.1µm. The OFDA2000 is a portable instrument capable
of real-time measurements of the fibre properties of greasy wool with minimal sample preparation, for
use as an aid to sheep selection or wool classing (Brims et al. 1999). Studies by Baxter (2001),
Peterson and Gherardi (2001) and Behrendt et al. (2001) have indicated that the OFDA2000 is capable
of similar precision to the Australian and New Zealand Standard. Additionally, these studies have
shown that OFDA2000 results are correlated with clean measurements done by conventional methods.
This paper further describes the correlation between these different methods of measurement.
Midside wool samples were collected from various experiments including Merino wether trials, rams,
sire progeny groups, commercial ewes and wether flocks and non-Merino ewes. The samples ranging
from 13 µm to 36 µm (mean 19.1 µm), were measured for mean fibre diameter (MFD), coefficient of
variation of fibre diameter (CVD) and mean fibre curvature (CURV) in various commercial
Rampower-accredited fleece-testing laboratories, observing the AS/NZS 4492 2000 standard. These
laboratories used both conventional OFDA100 or Laserscan technologies. A single OFDA2000
instrument was utilised with factory preset calibration and greasy wool correction factor to measure
MFD, CVD and CURV on a single staple selected from the midside of all samples, creating 4604
records each for the traits of MFD, CVD and CURV. Each trait was analysed separately using two
models. The first model was a simple linear regression (Model 1). The second model (Model 2) was y
= Xb + Zu + e, where b is a fixed vector containing the effect of the different experiments, u is a
random vector containing the genetic effects of the animals, X and Z are the corresponding design
matrices and e is a random residual vector. The analyses were performed with the Genstat program by
using the AI REML algorithm. The predicted means for the effect of the different trials were used
subsequently for additive correction of the data. After the correction, a new regression was performed
and new correlation coefficients were calculated as reported in Table 1.
Table 1. The correlation coefficients between conventional midside fibre testing and OFDA2000 testing
for mean fibre diameter (MFD), coefficient of variation of fibre diameter (CVD) and mean fibre curvature
(CURV) utilising two different statistical models (r.s.d. in brackets)
Wool trait
MFD
CVD
CURV

Model 1: Simple linear regression
MFD
CVD
CURV
0.94 (0.88)
0.75 (1.77)
0.77 (7.73)

Model 2: y = Xb + Zu + e
MFD
CVD
CURV
0.87 (0.81)
0.70 (1.71)
0.80 (6.51)

Both statistical models indicated that the OFDA2000 produced results that were highly correlated with
conventional midside testing (P<0.001) (Table 1). OFDA2000 measurements of midside staples were
on average lower by 0.02 µm, 1.25% units and 8 deg/mm for MFD, CVD and CURV, respectively.
The correlation in MFD between conventional midside testing and OFDA2000 testing of a single
staple is similar to that of laboratory testing versus on-farm testing using the Sirolan Laserscan
(Hansford 1999). The OFDA2000 testing of single staples from the midside offers similar rankings to
conventional midside testing for wool quality traits of importance in sheep selection or wool classing.
AS/NZS 4492 (2000). Standards Australia.
BAXTER,B.P. (2001). Wool. Tech. Sheep. Breed. 49, 133-155
BEHRENDT,R., FERGUSON, M. and GLOAG,C. (2001). Proc. Assoc. Advmt. Anim. Breed. Genet. 14, 281284.
BRIMS,M.A., PETERSON,A.D. and GHERARDI,S.G. (1999). IWTO Tech. Rep. RWG 04, Florence.
HANSFORD, K. (1999). Wool. Tech. Sheep. Breed. 47, 19.
PETERSON,A.D. and GHERARDI,S.G. (2001) Wool. Tech. Sheep. Breed. 49, 110-132.
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MERINO SHEEP SELECTED FOR DIVERGENT FLEECE WEIGHT DO NOT DIFFER IN
THE PROPORTION OF SULPHUR-CONTAINING KERATIN WOOL PROTEINS
M.BRAY A, D.K.REVELL A, C.S.BAWDEN B, P.I.HYND A
A
B

Livestock Systems Alliance, Dept of Animal Science, The University of Adelaide, Roseworthy, SA, 5371.
Livestock Systems Alliance, SARDI Livestock Systems, Glenside, SA, 5065.

Minus fleece weight (-FW) selected Merino sheep produce less wool of a higher sulphur (S)
concentration than plus fleece weight (+FW) selected sheep (Piper and Dolling, 1966). An experiment
was conducted to test the hypotheses that these differences in fibre growth and composition result
from differential expression of high-S (HS), ultra high-S (UHS) and low-S (LS) wool keratin genes.
Sixteen, 18-month old Merino rams from the SARDI Selection Demonstration Flocks (SDFs) were
selected for divergent estimated breeding values (EBVs) for wool production. All sheep had similar
total follicle numbers and live weights, and were fed a high-S or a low-S containing diet for 6 weeks
prior to the collection of wool samples. Wool growth rate (WGR) and wool S concentration were
measured. Skin samples taken at this time were frozen at –80oC and RNA was extracted
(Chomczsynski and Sacchi, 1987). A Northern blot technique was used to quantify the expression of
UHS (represented by KAP 4.2), HS (represented by KAP 2.12), LS (represented by K 2.10) and highglycine tyrosine (HGT; represented by KAP6.1a) sequences.
The S concentration of wool did not differ significantly for +W and –W sheep (2.75% and 2.87% S
respectively), or for the high-S and low-S diet (2.90 % and 2.73 % S respectively), contrary to
previous findings. Correspondingly, there was no difference in the expression of any of the keratin
genes between selection groups and dietary treatments. There was a significant difference in the WGR
between +W and –W rams (p<0.001) and between high-S and low-S diets (p<0.001) (Table 1),
however the expression of all keratin genes investigated was similar for both selection groups and
dietary treatments.
Despite the similarities in expression of all keratin genes examined, a general linear regression
approach was used to describe the relationship between WGR variation and selection group, dietary
treatment and keratin genes. Only a small percentage of WGR variation generated by selection group
and dietary treatment was attributable to differences in keratin gene expression (Table 1) whilst group
and diet accounted for between 32% and 49% of the WGR variation (Table 1).
Table 1 : Variation in WGR and the percentage of variation accounted for by the expression of LS, HS,
UHS and HGT keratin genes.
-W
High-S diet
Low-S diet
17.7
31.9
18.3
Percentage variation accounted for by:
Keratin gene type
Gene
Group
Diet
Group x Diet
LS
4 *
44 ***
36 ***
na
HS
5 ***
46 ***
32 ***
na
UHS
2 ns
43 ***
33 ***
3*
HGT
0 ns
49 ***
40 ***
3*
ns not significant; * P<0.05; ** P<0.01; *** P<0.001; na not applicable (interaction ns thus removed from model)
WGR (g/d)

+W
32.5

The variability in wool growth generated by sheep selection and dietary treatment were not associated
with differences in keratin gene expression. It appears that differential wool growth was achieved by
variation in follicle rate processes or cellular efficiencies rather than differential gene expression.
PIPER, L.R. and DOLLING, C.H.S.(1966) Aust. J. Biol. Sci. 19, 1179-82.
CHOMCZSYNSKI , P. and SACCHI, N.(1987) Analyt. Biochem. 162, 156-9.
Email: megan.bray@adelaide.edu.au
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ANTIBODY RESPONSES TO LACTIC ACID PRODUCING BACTERIA IN SHEEP
IMMUNIZED WITH EXPERIMENTAL ACIDOSIS VACCINES
W.Y.BROWN, J.B.ROWE and D.L.WATSON
Animal Science, University of New England, Armidale, NSW 2351

Acidosis is an economically important disease of ruminant livestock, involving both reduced
productivity and serious animal welfare implications. Major lactic acid producing bacteria in sheep
were identified by Al Jassim and Rowe (1999) and it is likely that the proliferation of these bacteria,
under certain feeding regimes, leads to acidosis. Antibiotic feed additives are currently used in
management of acidosis but there are serious concerns about this approach and, consequently,
vaccination against acidosis-producing bacteria as a means of preventing the condition is under active
investigation in our laboratory. The aim of this trial was to measure antibody responses to a range of
acidosis-producing bacteria, following administration of experimental vaccines.
Forty-nine healthy adult merino wethers were used for this study and run together as a single flock
throughout the experiment. Animals were randomly allocated into 7 groups, to be immunized with one
of six different bacterial isolates, or non-immunized as controls. Vaccines were prepared from pure
bacterial isolates (formalin killed), emulsified in Freund's adjuvant, and administered intramuscularly
at weeks 0 and 4. Freund’s complete adjuvant was used for the primary immunization, and Freund’s
incomplete adjuvant was used for the secondary immunization. Samples of venous blood were
collected before immunisation and every two weeks for ten week. Concentrations of IgG antibodies in
serum were determined by ELISA.
Antibody levels produced in response to immunizations with each of the 6 isolates are shown in Table
1. Strong antibody responses were produced by the three streptococcal isolates, with peak antibody
concentrations at week 6. There was a 12-fold increase produced by the two S. bovis strains, whereas
a 57-fold increase was produced by the S. equinus. Antibody responses were also produced by
Selenomonas ruminantium , with antibody levels reaching a peak at week 10. There was a relatively
weak antibody response to Lactobacillus vitulinus.
Table 1. Mean concentrations of IgG antibodies in sheep serum following immunization with different
bacterial isolates, as determined by ELISA (absorbance at 490 nm). Sheep were immunized at weeks 0
and 4.
Week
S. bovis Sb5 S. bovis A2
S. ruminantium R1 S. ruminantium R2 S. equinus
L. vitulinus

0
2
4
6
8
10

0.015
0.045
0.053
0.170
0.145
0.141

0.009
0.034
0.051
0.103
0.100
0.109

0.070
0.244
0.219
0.287
0.329
0.327

0.014
0.110
0.235
0.288
0.291
0.311

0.007
0.054
0.144
0.399
0.313
0.315

0.063
0.095
0.105
0.151
0.120
0.127

Antibody responses do not necessarily give an indication of protective immunity. Therefore, it cannot
be concluded from the results of this study that vaccination with any of these bacteria might provide
protection from acidosis. The ability to stimulate production of antibodies (or a cell-mediated
response) is however the first necessary step towards development of an effective vaccine. All of the
bacterial isolates examined in this study induced antibody production, and therefore warrant further
testing for their ability to provide immune protection in situations where these bacteria are likely to be
the causative agents in fermentative acidosis. Earlier studies by Gill et al. (2000) demonstrated that
immunization against S. bovis can provide protection against lactic acidosis in sheep. It remains to be
seen how these additional bacterial isolates compare in their ability to confer protection.
AL JASSIM, R.A.M. and ROWE, J.B. (1999). Recent Adv. Anim. Nutr. Aust. 12, 91-7.
GILL, H.S., SHU,Q. and LENG,R.A. (2000). Vaccine 18, 2541-8
Email: wbrown@metz.une.edu.au
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ELECTRONIC SYSTEMS FOR IMPROVED COLLECTION OF ANIMAL LIVEWEIGHTS
F.J. CAMERON, D.J. GORDON, T. HARDY, A.N. THOMPSON and L.J. CUMMINS
Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton, Vic, 3300

Electronic identification (EID), with appropriate software and hardware, provides the basis for the
automated collection of machine-readable measurements for individual animals. The use of EID
should overcome many of the problems associated with visually read ear tags, such as reduced tag
readability and operator errors when reading and transcribing the numbers. The cost effectiveness of
EID will depend in part on the labour saving resulting from automating one or several tasks, and the
benefits derived from improvements in the speed and reliability of record keeping. This paper reports
preliminary data on the relative labour efficiency of automated versus conventional weighing systems
for cattle and sheep.
The electronic cattle weighing system at Hamilton is based on the HDX type electronic tags, required
by NLIS, and special purpose software (Beef-one) connected to Ruddweigh scales. To compare
the electronic weighing system with conventional visual tag reading and weighing, mobs of weaner
cattle (n = 52 and 68) fitted with visually and electronically readable tags were weighed on two
occasions using a crossover design. There was no significant difference in the average weighing time
for cattle with conventional tags or electronic tags (21.5 vs. 20 seconds per head). The time for
transfer of data to a spreadsheet took an average of 9.5 seconds per head for the visual records. For
the electronic records, on one occasion it was completed in one minute, while on the other occasion it
took 12 minutes due to a problem saving the file. Had the visual tags been dirty, as is common, the
weighing time for the visual system would have been much greater with reduced accuracy. After two
and half years of operation, the electronic system appears to have increased the accuracy of weighing
and data transfer.
Fully automated sheep handling systems have been developed at Hamilton and Rutherglen (Gaunt et
al. 2002). Both systems are based on the Allflex HDX electronic tags and Sheepone software.
The system is connected to a pneumatic sheep handler (Racewell) that can automatically hold the
sheep for weighing using Iconix electronic scales. Merino wethers (n=99) were used to compare
three methods of weighing; (i) electronic - electronic reading of tags, weighed in Racewell and data
recorded electronically; (ii) visual - visual reading of the tags, weighed in Racewell and data
recorded manually; and (iii) traditional - visual reading of the tags, manually operated scales and data
recorded manually. There were three replications in a Latin Square design, with one replicate being
weighed each day. Three people were used to run each treatment.
Table 1. Time for measuring sheep liveweights (n=99) using different weighing systems (estimated
number of sheep weighed per hour shown in brackets)
Electronic
Visual
Traditional
l.s.d

Weighing time (min)
19.8 (300)
30.0 (198)
28.7 (207)
3.0

Data entry time (min)
6.0
12.3
11.7
4.0

The electronic system increased the speed of weighing and data entry (Table 1). There was the added
bonus of improved accuracy for data transfer to a spreadsheet, eliminating the problems of misread
tags or misheard tag numbers or weights being transcribed. An additional run using only two people
did not significantly affect the efficiency of the electronic weighing process (data not shown), thereby
leading to an added labour saving. The only apparent problem with the Racewell system itself is
that it occasionally failed to automatically capture the sheep, but this problem should be overcome.
The full benefits of EID will only be realised if the data collected can be used to improve breeding
programs and livestock management to lift production and or product quality.
GAUNT, G., SEYMOUR, G. and CURRAN, P. (2002). Anim. Prod. Aust. (these proceedings).
Email: Fiona.Cameron@nre.vic.gov.au
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LACTIC ACID IN THE RUMEN REDUCES FEED INTAKE IN CATTLE
A.F. CHANNON and J.B. ROWE
Animal Science, University of New England, Armidale, NSW 2351

Acidosis is a prominent production problem in feedlot cattle. Although the condition has been widely
documented (Owens et al. 1998; Rowe 1999), there is still conjecture over the relative importance of
VFA and lactic acid in the severity of acidosis. This study was designed to create a carbohydrate
overload acidosis model that could more fully elucidate the relationship between changes within the
rumen and the subsequent effect of acidosis on feed intake.
Eighteen, two year old Angus heifers were housed in individual pens (100m2) with a weighable feed
bin and free access to water and a diet comprising of 85% hay and 15% barley. Ground wheat was
administered into the rumen via a stomach tube at a rate of 20g/kg live weight at 0 and 24 hours.
Cattle continued to be offered the pre-challenge diet ad libitum during the challenge and for the
following 5 days. Daily feed intake was recorded. Rumen fluid was sampled immediately prior to the
administration of the first dose of wheat (0 h) and again at 12, 24, 36, 48 and 72 h. Samples were
analysed for pH, lactic acid and VFA concentration. Results are based on the 11 animals that did not
require any sort of treatment for ill-health over the 5 days following administration of the grain.

Feed Intake (0-5 days)(kg)

Figure 1 indicates that animals with a higher rumen lactic acid concentration or lower pH at 48 h were
likely to have a reduced feed intake. There was no relationship between VFA or total acid
concentration in the rumen and feed intake. A rumen pH <5.5 at 48 h was commonly associated with a
lactic acid concentration of at least 50 mmol/L. At this time, pH was highly correlated with lactic acid
concentration (R2=0.9, P<0.01) and poorly correlated with VFA concentration (R2=0.3, P>0.05). Our
results contrast with the findings of Reinhardt et al. (1997) who used a sub-clinical acidosis model to
demonstrate that low rumen pH (<5.0) was associated with high concentrations of VFA and relatively
low levels of lactic acid (<5 mmol/L).
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Figure 1Relationships between 48 hour rumen lactic acid concentration (a) and pH (b) with total feed
intake from the day of the challenge (day 0) to day 5 after the challenge. Both correlations are highly
significant (P<0.01).

In this acute carbohydrate overload model, lactic acid concentration was significantly more important
than VFA in terms of reducing rumen pH and feed intake. The relative importance of lactic acid and
VFA is likely to depend on the size of the carbohydrate overload and the level of adaptation to a
concentrate diet. It would be interesting to investigate the response of adapted cattle and to explore the
effects of a single, smaller grain challenge in terms of acid accumulation and feed intake.
OWENS, F.N., SECRIST, D.S., HILL, W.J., and GILL, D.R. (1998). J. Anim. Sci. 76, 275-86.
REINHARDT, C.D., BRANDT, R.T., BEHNKE, K.C., FREEMAN, A.S., and ECK, T.P. (1997). J. Anim. Sci.
75, 2852-7.
ROWE, J.B. (1999). Recent Adv. Anim. Nutr. Aust. 12, 81-9.
Email:achanno2@metz.une.edu.au
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DIVERSITY OF METHANOGENS IS INCREASED IN THE RUMEN OF SHEEP FED
MONENSIN
C.T.CHRISTOPHERSEN A, S.K.BAKER B, P.E.VERCOE A and A-D.G.WRIGHT B
A
B

Animal Science Group, Faculty of Agriculture, The University of Western Australia, Perth, WA 6009
CSIRO Livestock Industries, Floreat Park Research laboratory, Private Bag 5, Wembley WA 6913

The knowledge of what happens to the diversity of methanogens in the rumen of sheep when the
fermentation pattern changed is limited. Many studies have shown that changing rumen fermentation
leads to a change in the amount of methane produced (Baker 1999). Monensin is an ionophore that has
a wide range of effects on rumen fermentation (Bergen and Bates 1984). The aim of this experiment
was to examine whether monensin changes the diversity of methanogens in the rumen of sheep.
Ten mature Merino wethers, fitted with rumen cannulae, were fed pellets (68% lucerne hay, 20% lupin
grain, 10% molasses, 2% minerals (air dry basis)) for 6 weeks (period 1). A daily ration of 1500g was
offered and withdrawn after 3 h. Five of the ten sheep received 33 mg monensin/d for 4 weeks in
gelatin capsules via the cannulae immediately after feeding (period 2). The other five sheep were kept
on the control diet. Samples were taken from the rumen of all sheep on the last day of periods 1 and 2
3 h after feeding. Despite many modifications to the protocol, DNA could only be extracted from six
of the twenty samples, only one of which was from an animal receiving monensin. The 16S rRNA
gene was amplified from the DNA using polymerase chain reaction (PCR) with methanogen-specific
primers. The amplification products were cloned into Escherichia coli and digested with the restriction
enzymes HaeIII and/or Sau3A. Restriction fragment length polymorphism (RFLP) patterns were
compared against an RFLP database for methanogens to presumptively identify the methanogen
species present. Any RFLP patterns that did not match the database were considered new and the 16S
rRNA genes were sequenced to determine their identity. The diversity of methanogens in the different
samples was compared by using the Shannon index for general diversity to analyse the RFLP patterns
and sequence data.
A total of 186 clones were analysed, and DNA from Methanobrevibacter (Mbr.) species predominated
amongst them (Figure). A Shannon index of diversity was calculated from the frequency of occurrence
of clones from the sheep that did not receive monensin (Figure), and the Shannon index for the clones
from the sheep that received monensin was outside the 99.99% confidence interval of this. On this
evidence monensin appears to increase the diversity of methanogens in the rumen of sheep.
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Sampling period.
Animal number

2.12
1.12
1.11
1.8
1.5
1.2
0

5

10

15

20

25

30

35

40

45

Number of clones identified

50

55

60

65

Mbr. sp. A
Mbr.sp. B
Unknow n R
Unknow n N
Mbr. sp. C
Unknow n D
New 1
New 2
New 3
New 4
New 5
New 6
New 7
New 8

Figure 1. The numbers of 16S rRNA clones from methanogens identified using RFLP and DNA
sequencing. Y-axis: The first digit refers to the period where the rumen sample was taken. The second
digit(s) is the animal identification. Abbreviations: Mbr: Methanobrevibactor.
BERGEN, W.E. and BATES,D.B. (1984). J. Anim. Sci. 58, 1465-83.
BAKER, S.K. (1999). Aust. J. Agric. Res. 50, 1293-8.
Email: cchristoph@agric.uwa.edu.au
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LAMB PRODUCTION IN SOUTH WEST VICTORIA: IS 1000 KILOGRAMS PER
HECTARE POSSIBLE?
S.G. CLARK and L.J. CUMMINS
Pastoral and Veterinary Institute, Hamilton Vic 3300

A simulation exercise was carried out using the GrassGro decision support tool (version 2.0.3.b) to
investigate prime lamb production systems in south-west Victoria. This work was prompted by the
target of 1000 kg of lamb liveweight per hectare that has been set by the south-west prime lamb group
for their focus farm at Condah.
The weather data used was from a range of local sources covering the period 1970 to 1998. Annual
rainfall averaged 815 mm. The soil description was based on soil tests from the focus farm. Animal
and pasture inputs, management rules and cost and prices were chosen after discussions with the
management committee of the focus farm. Supplementary feeding for maintenance was implemented
in the paddock when condition score fell to <1.5. The total annual pasture production in the
simulations averaged 12.4 tonnes dry matter/ha (range 6.7 to 17.6). The simulations were run in a
factorial design. The factors were: (A) ewe fertility, 130%, 170% or 210% (conception rate at
condition score 3); (B) stocking rate, 8, 12, 14, or 18 ewes/ha; (C) time of lambing, mid-July, midAugust or mid-September; (D) weaning age, 10, 12, 14, 16 weeks and (E) finishing system, sell at
weaning, or hold on-farm for finishing at 24 weeks. These combinations gave a total of 288
simulations.
The most productive treatment was July lambing, weaning at 16 weeks, finishing lambs on-farm with
high fertility ewes at 14 /ha. This had an average production of 847 kg of lamb /ha (range 619 to 1235)
but only exceeded the 1000 kg target in one year. It had an average gross margin of $602/ha. The most
profitable treatment was July lambing, weaning at 16 weeks, finishing lambs on-farm with high
fertility ewes at 12 /ha. This had an average of 785 kg of lamb/ha (range 580 to 1104), but only
exceeded the 1000 kg target in one year. This treatment had an average gross margin of $623/ha.
The results were then examined from the viewpoint of jointly maximising productivity (the top 25% of
groups for liveweight of lamb produced per hectare), and profitability (the top 25% for gross margin
per hectare), and considering risk aversion (excluding any of these groups which fell in the top 20%
for standard deviation of gross margin per hectare). Thirty-two “best” groups were identified which
met these criteria. The overall mean for these 32 best groups was 685 kg lamb liveweight per hectare
and $504 gross margin per hectare. Table 1 gives the main effects, shown as the percentage within
each cell that fell into this best classification.
Table 1. Main effects of treatment, shown as the percentage within each cell which met the joint criteria
for best productivity, profitability and reduced risk
Time of lambing
July = 18%
August =10%
September = 5%

Weaning age
10 W = 7%
12 W = 10%
14 W = 10%
16 W = 18%

Finishing
Held =14%
Sold = 8%

Fertility
Low = 4%
Medium = 10%
High = 13%

Stocking rate
8 = 0%
12 = 19%
14 = 21%
18 = 4%

There were indications of interactions involving time of lambing; e.g., with July lambing, holding for
finishing on-farm with medium fertility and medium stocking rates tended to be the more successful
treatments. For the later two lambing times, having high-fertility ewes and selling as stores, again at
moderate stocking rates, tended to be more successful. The simulation has shown that a wide range of
treatments can be utilised in productive and profitable lamb production systems in south-west Victoria.
The weaning percentages indicated a very large reduction between potential conception rates as set in
the model and the actual number of lambs weaned, for example medium fertility ewes were predicted
to average 116% and high fertility ewes 142%. This was not greatly affected by time of lambing.
Reaching the target productivity will require an improvement in lamb survival and an improvement in
nutrition though better supplements and pastures.
Email: leo.cummins@nre.vic.gov.au
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THE RESPONSE OF CATTLE TO AUDITORY STIMULI
M.L. COFFEY and G.L. KREBS
Muresk Institute of Agriculture, Curtin University of Technology, Northam, WA 6401.

Devices that use sound as a deterrent/repellant are available for use in household and horticultural
situations. There are no commercial devices in use to repel farm animals from certain areas.
Repelling grazing animals from particular areas is the basis of virtual fencing. Electrical stimuli is
considered a means of virtual fencing but this has animal welfare ramifications. A possible alternative
to electrical stimuli is the use of auditory stimuli to deter animals from entering a particular area. The
aim of this trial was to investigate the reaction of cattle to electronically generated sound as a
preliminary stage in the development of virtual fencing.
The methodology of this project was based on that of Talling et al. (1998). Two studies were carried
out to determine the aversiveness of continuous, high frequency sound to cattle. The normal
audiogram of cattle ranges from around 23 Hz to 37 kHz (Heffner1998), with cattle being most
sensitive to sounds of 8 kHz (Heffner and Heffner 1992). The first study involved the use of a
continuous, uniform signal of 8 kHz played at 95 dB, and the second study a frequency modulated,
continuous signal of 20 kHz (modulation of 1 kHz) played at 95 dB.
Two groups of six cattle were used. In addition, a companion animal accompanied each animal during
the testing period to reduce isolation stress in the test animals. The protocol was the same in each
study. Each of the six animals in the two treatment groups was subjected to 40 consecutive tests, 20
control (no sound) and 20 tests with sound present. Each test totalled five minutes in duration.
The experiment was conducted indoors. The start area (3 m x 6.4 m) was located immediately outside
the shed. At the beginning of each testing session the test animal (and companion) was led into the
start area and the door opened for the animal to enter the test area (10.5 m x 6.4 m, divided into 2
equal areas, A1 and A2). Once the animal entered the test area the door was shut. Five minutes after
the door was opened the animal was returned to the start area. The animal was free to move within the
test area (areas A1 and A2) after leaving the start area. To indicate passing from area A1 to A2
(separated visually by a painted line) the animal had to have both front feet over the painted line.
During each test the amount of time spent in areas A1 and A2 was recorded as was the number of
times the animal crossed from area A1 to A2 or vice versa. Following these 20 control tests, an
assessment was made as to which area the animal preferred. For the second group of tests the
treatment sound was associated with the animal’s preferred side, if it showed a preference, or
otherwise allocated randomly. The sound treatment was relayed to the animal whenever it was present
in the sound associated area, and switched on when both of the animal’s front feet entered this area,
either from over the painted line or from the start area. When the animal left this area the sound was
switched off.
The cattle displayed no aversion responses to either of the sounds, although they could hear the
sounds. There was no difference (P>0.05) in the time the animals spent in the area from which the
sound was relayed for either the modulated or uniform sound compared with the control. The relaying
of the modulated and uniform sound had no effect (P>0.05) on the number of crosses during the sound
tests. Temperament was assessed at the completion of the experiment and was found to have no effect
(P>0.05) on the response of cattle to either modulated or uniform sound. Before sound can be
incorporated into any virtual fencing concept, a sound must be identified that is capable of causing
aversion. It is possible that an intermittent sound of biological origin could meet this requirement.
HEFFNER, H.E. (1998). App. Anim. Behav. Sci. 57, 259-68.
HEFFNER, H.E. and HEFFNER, R.S. (1992). In ‘Farm Animals and the Environment’. (Eds. C. Phillips and D.
Piggins) pp. 159-83 (CAB International: Oxon)
TALLING, J.C., WARAN, N.K., WATHES, C.M. and LINES, J.A. (1998). Appl. Anim. Behav. Sci. 58, 255-66.
Email: g.krebs@curtin.edu.au
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METHANE EMISSIONS AND METABOLIZABLE ENERGY INTAKES OF STEERS GRAZING
GRASS/LEGUME PASTURE AND FINISHED IN A FEEDLOT OR AT PASTURE
R.D.H. COHEN A, J.P. STEVENS A, A.D. MOORE B, M. FREER B and J.R. DONNELY B
A
B

Dept of Animal Science, University of Saskatchewan, Saskatoon, SK S7N 5A8 Canada
CSIRO, Division of Plant Industry, Canberra, ACT 2601

Methane is an important greenhouse gas so managing livestock to reduce methane emissions is important
to alleviate climate change. In North America, it is common to graze cattle on pasture during the growing
phase and to finish them in a feedlot. The GrassGro decision support tool (Moore et al. 1997) has been
successfully adapted for use in Canada. It has been validated by comparing predictions with data from a 4year experiment conducted at Brandon, Manitoba in which steers grazed a lucerne/grass pasture at 2
stocking rates (1.1 and 2.2/ha) either continuously or in a 10-paddock rotation (Popp et al. 1997).
Observed average daily gain (ADG) (Y kg/d) was compared with predicted ADG by regression. The
intercept (-0.066) was not significant (p=0.087) so the line was forced through the origin and was not
different from Y=X (t=0.091; P>0.05)
Y = 0.995 X (R2=0.999, RSD=0.027, P=0.0000)
The steers were not finished to meet Canada Grade A when taken off pasture (McCaughey et al. 1996) so
were fed in a feedlot for 33d to reach 619 kg and Canada A grade at slaughter. GrassGro predicted that the
steers would reach 616 kg after 33-d in a feedlot. We then used GrassGro to compare finishing in a feedlot
or at pasture with a barley supplement during 1992-1994. The results indicated the steers would reach a
mean liveweight of 615±10.7 kg and body condition score (BCS) of 4.6±0.1 (scale 1-5) at the end of the
pasture period with an average daily barley intake of 5.25±0.7, 2.25±0.6 and 4.1±1.02 for 1992-1994
respectively. Liveweight and BCS did not differ between years, stocking rate or grazing management
treatments. Barley intakes differed between years (P<0.05) but not between management treatments.
We also compared GrassGro predictions for methane emissions/steer (276.8±11.4g/d) with data reported
from the field experiment (217.4±43.1g/d; McCaughey et al. 1997) and the difference was not significant
(P>0.05). GrassGro indicated lower (P=0.02) emissions for steers grazing at 2.2/ha (275.8±11.8 g/d)
compared with 1.1/ha (286.1±7.3 g/d) but no difference (P=0.51) for rotation (282.5±10.8 g/d) and
continuous (279.5±11.2 g/d) grazing. There was no difference (P=0.65) between stocking rates or grazing
management when methane emissions were compared per unit of liveweight gain (LWG). GrassGro
indicated that mean total methane emissions/steer when supplemented with barley at pasture were
38.7±7.3 and 54.4±4.0 kg/steer (P=0.0001) for steers grazing pasture without barley supplement and
finished in a feedlot. Neither stocking rate nor grazing management influenced total metabolizable energy
intake (MEI) or MEI/kg LWG (P>0.05). However, mean MEI/kg LWG of steers finished at pasture with a
barley supplement (68.28±6.73 MJ) was less (P<0.001) than that of steers grazing pasture and finished in
a feedlot (169.58±8.84 MJ). Similarly, methane emissions/kg LWG were reduced when steers were given
a barley supplement at pasture (133.2±22.0 v 199.1±20.4 g/kg LWG; P<0.001). We conclude that
finishing cattle at pasture with a barley supplement will reduce the total emissions of methane and
increase the efficiency of conversion of feed energy to live weight gain when compared with
unsupplemented grazing and finishing in a feedlot. Production and environmental advantages were
greatest at 2.2 compared to 1.1 steers/ha because more steers were grazed with no change in methane
emissions, liveweight gain or barley intake.
POPP, J.D., MCCAUGHEY, W.P. and COHEN, R.D.H. (1997). Can. J. Anim. Sci. 77, 669-76.
MOORE, A.D. DONNELLY, J.R. and FREER, M. (1997). Agric. Syst. 54, 535-82.
MCCAUGHEY, W.P. and CLIPFEL,R.L. (1996). Can. J. Anim. Sci. 76, 149-52.
MCCAUGHEY, W.P., WITTENBERG, K. and CORRIGAN, D. (1997). Can. J. Anim. Sci. 77, 519-24.
Email: cohen@usak.sak.ca
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PRODUCTION AND QUALITY OF WOOL FROM CONTEMPORANEOUS MERINO AND
FIRST CROSS EWES AT THREE CONSECUTIVE SHEARINGS
R.H. DAVIDSON A, J.T.B. MILTON A, J.W. SEWELL B and B.E.J. SEWELL B
A
B

School of Animal Biology, University of Western Australia, Nedlands, WA 6907
“Maplestead” PO Box 49 Pingelly, WA 6308

The majority of prime lambs slaughtered in Western Australia are first-cross lambs from Merino ewes.
The recent introduction of the new meat, milk and dual-purpose sheep breeds has provided producers
with the option to produce prime lambs from first-cross ewes. Proponents of the new breeds claim the
growth and carcase characteristics of the second-cross progeny from these ewes will be superior to
first-cross lambs from Merino ewes. However, little is known about the quantity and quality of the
wool produced by these first-cross ewes in comparison to Merino ewes used for prime lamb
production in the south west of Western Australia. This paper reports the quantity and quality of wool
produced by Merino (Mer) and Merino crosses of Border Leicester (BL), East Friesian (EF), Poll
Dorset (PD) and South African Meat Merino (SAMM) ewes run as contemporaries from birth on a
commercial farm. The dams of all the ewes were from the same property and bloodline.
The ewes were shorn in 1999, 2000 and 2001 at 15, 26 and 38 months of age. The weight of greasy
fleece (GWt) without belly wool was recorded for approximately 50 ewes per genotype at each
shearing. Twenty ewes from each genotype representing dry, single and multiple bearers had mid-side
samples taken to measure wool quality attributes. The measurements made were: micron (µ), CV of
micron (CV), yield (Y), staple length (SL), staple strength (SS) and comfort factor (CF). The same
wool buyer assigned a commercial value to the fleeces for each of the three shearings ($/hd). The ewes
were weighed (L Wt) pre-shearing as maidens in 1999 and were weighed pre-shearing in 2000 and
post-shearing in 2001. When weighed in 2000 and 2001 the ewes suckled lambs 14 weeks of age.
Table 1. Ewe liveweight, greasy fleece weight, micron, CV of micron and the value of the fleece wool for
Merino and first cross ewes shorn at 15, 26 and 38 months of age
1999; 12 months wool
2000; 11 months wool
Breed
L Wt GWt
µ
CV $/hd
L Wt GWt
µ
CV
BL
50.2a 3.2a 25.7cd 25.6ab 8.75
48.4ab 3.6a 28.7a 23.7a
49.2a 3.3b 28.1a 23.9a
EF
51.0a 3.1a 26.0d 26.7a 7.89
b
b
a
a
20.5 26.4 12.70
46.2b 4.3c 22.3b 23.2ab
Mer
47.2 3.7
48.9a 3.0d 28.3a 22.0b
PD
52.9c 2.9c 24.7c 24.5b 6.96
a
a
b
c
SAMM 50.6 3.1 21.8 22.1 9.21
50.4a 3.2b 22.8b 18.8c
Values in a column with different superscripts are different (P<0.05).

$/hd
10.40
9.72
15.37
8.82
11.01

2001; 12 months wool
L Wt GWt
µ
CV
57.9a 3.2a 26.5a 23.8a
56.3ab 2.9c 25.5a 24.2a
53.5c 3.9b 21.8b 24.3a
56.3ab 2.7d 25.5a 22.2b
55.3bc 3.0c 21.7b 20.5c

$/hd
12.19
10.88
15.99
6.86
11.88

Table 2. Wool quality attributes for Merino and first cross ewes shorn at 15, 26 and 38 months of age
1999; 12 months wool
2000; 11 months wool
Breed
Y
SL
SS
CF
Y
SL
SS
CF
BL
73.1a 111.9a 19.0ab 77.4a
75.2a 100.2a 62.5a
62.9a
EF
72.9a 107.1a 16.8bc 76.5a
71.7a
97.5a
36.1c
68.5b
c
bc
c
c
b
b
b
Mer
67.3
88.4
12.8
95.1
66.4
86.5
49.1
92.6c
PD
70.6ab 93.5b 19.3ab 82.6b
72.6a
83.3b
48.2b 66.1ab
SAMM
69.2bc 87.6c
21.9a
94.8c
67.3b
81.7b
45.6b
94.6c
Values in a column with different superscripts are different (P<0.05).

2001; 12 months wool
Y
SL
SS
CF
73.4a 105.6a 20.4
76.0a
70.8a
96.8b
24.4
79.6ab
b
c
65.2
88.0
19.4
93.6c
72.7a 82.0cd
23.9
81.7b
66.1b
76.9d
24.3
96.7c

In each of the three years the Merino ewes weighed the least, produced more greasy wool that was
finer and with a higher comfort factor than that of the BL, EF and PD cross ewes. In 2000 and 2001
the SAMM cross ewes had wool of similar micron to the Merino ewes, but with a significantly lower
CV of micron. The wool of the BL and EF cross ewes had a higher yield and longer staple than that of
the Merino or SAMM cross ewes. The low staple strength of all wools produced in 1999 and 2001
reflected the poor seasonal conditions. Over this three-year study the wool returns from the Merino
ewes were the highest and that from the Poll Dorset cross ewes the lowest.
This study was funded by MLA as a Super PIRD and the Meat Program of the WA Department of Agriculture.
Email: rdavidso@agric.uwa.edu.au
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INVESTIGATIONS INTO THE EFFECT OF SELENIUM, COBALT AND A COMPOSITE
MINERAL BLOCK ON SHEEP REPRODUCTION WHEN GRAZING OESTROGENIC
CLOVER PASTURE
H. LLOYD DAVIES and I.N. SOUTHEY
CSIRO Division of Plant Industry, WA Regional Laboratory.

A large proportion of the low lamb marking percentage in the agricultural regions of Western
Australia was associated with the grazing of clovers with a high (>1.0%) concentration of
formononetin (Lloyd Davies 1987). Some of the differences in sheep fertility between Western
Australia and the eastern states may have been due to cobalt or selenium deficiency –both deficiencies
being more widespread in WA than in the eastern states of Australia. This experiment was carried out
on newly cleared land at the Yalanbee Research Station of the CSIRO at Bakers Hill, Western
Australia. The mean annual rainfall is 575mm; the growing season is April to October.
There were 4 treatments with 2 replicates of each treatment with 20 sheep per replicate plot. The four
treatments were: 1) controls; no mineral supplement, 2) cobalt group; a cobalt bullet and a grub screw
administered to each ewe, with the cobalt repeated annually, 3) selenium group; 5 mg of selenium
given as sodium selenite orally 4 times a year, 4) complete mineral group. The sheep in this last group
were given cobalt and selenium as in groups 2 and 3 and also given access to a composite mineral
block based on the Moir and Harris (1962) mixture in which all macro and minor minerals known to
be essential for sheep were included. The clover variety used was Dwalganup and the plots were
grazed continuously at a stocking rate of approximately 4 ewes per hectare. Mating took place in
March/April over a six-week period.
The only significant effect on ewe and lamb liveweight was that the ewes on the composite block were
heavier in the summer than the ewes on the other treatments. The effect of treatment on conception
rate is shown in Table 1 and on uterine pathology in Table 2.
Table 1. Percent ewes conceiving
Year
1
2
3
4

Control Group
74
74
52
75

Cobalt
92
89
60
72

Selenium
80
82
74
65

Complete Minerals
68
72
55
50

Table 2. Pathological status of the uteri at the end of the experiment
Cystic endometrium score
*** (severe)
** (intermediate)
* (mild)
0

Control
3
2
6
9

Cobalt
2
1
5
11

Selenium
1
4
1
5

Complete Minerals
4
2
5
6

At least 50% of the ewes had mild to severe cystic endometrium, two had pyometria and four had
hydrops uteri.
This experiment showed that the usual methods of correcting a suspected mineral deficiency is
unlikely to have any effect upon the reproduction of sheep grazing oestrogenic pastures nor upon the
incidence of oestrogen-induced pathology of the uterus.
LLOYD DAVIES, H. (1987). In ‘Temperate Pastures Their Production, Use and Management’ p. 446-56
(Australian Wool Corporation CSIRO).
MOIR, R.J. and HARRIS, L.E. (1962). J. Nutr. 77, 285-98.
Email: hldavies@bigpond.com.au
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THE EFFECTS OF TWO DRINKERS ON POST-WEANING PERFORMANCE
M. DEVANT
Animal Science Research Department, Rotecna S.A., 25310 Agramunt, Spain

Water is an essential nutrient and water intake is strongly correlated to feed intake. Maintaining feed
intake during the post-weaning period is essential in order to prevent a decrease in gut absorption
capacity which in turn could decrease performance and increase the risk of diarrhoea (Pluske et al.,
1997). Therefore, encouraging young pigs to drink more may help to prevent dehydration, increase
feed intake, and improve digestibility and overall performance. The type of drinker may limit the
amount of water the pig may drink. The objective of this study was to assess the effects of drinker
design on apparent feed intake and animal growth during the post-weaning period.
Six hundred and seventy two weaned piglets aged 21 days (average body weight of 6.38 ± 0.43 kg)
were allocated to twelve pens, at a stocking density of 28 pigs/pen. Animals were fed a commercial
diet using one TR5 feeder per pen (5 feeding spaces per feeder). During the first 15 days of the
experiment a support Maxi Hopper Pan (10 feeding spaces) was added to each pen. In six treatment
pens two ‘MIDI’ drinking bowls with a nipple were installed, while in the other six pens a bowl with a
‘VRH’ aqua level valve, which maintains water level in the bowl, was installed. Drinkers of both
treatments were installed 12 cm off the floor. Water flow rate of the MIDI drinking bowls ranged from
1.2 to1.6 l/min. In bowls with a VRH aqua level valve, water level was set at 5 cm from the top of the
bowl. The apparent voluntary food intake was recorded. Animals were weighed at the beginning, at
days 7, 14, 21, and at the end. The experiment was repeated twice.
No statistical differences in accumulative average daily gain, apparent feed intake and feed efficiency
data were detected (P > 0.05) between treatments. However, average daily gain and feed efficiency at
day 14 (P < 0.05) were statistically different. After 14 days, the animals that were drinking from the
VRH aqua level valve grew faster and also had a better feed conversion than animals drinking from a
MIDI drinker (Figure 1).
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Figure 1. Effect of drinker type on average daily gain (ADG) and feed efficiency (FE) at day 14 after
weaning

A tendency was detected (P=0.07) in apparent feed intake in the period between days 7 and 14.
Animals that had a VHR aqua level valve ate more (254 g/d vs 240 g/d, for VRH and MIDI,
respectively). The VRH aqua level valve facilitates water intake and consequently enhances feed
intake, digestibility and feed conversion during the first 14 days post-weaning, which is the most
critical period. However, positive effects are not maintained during the whole post-weaning period and
cannot be demonstrated for the whole period.
PLUSKE, J. R., D. J. HAMPSON and I. H. WILLIAMS. 1997 Livestock Prod. Sci. 51, 215-36.
Email: maria@rotecna.com
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THE EFFECTS OF TWO DRINKERS ON POST-WEANING APPARENT WATER INTAKE
M. DEVANT
Animal Science Research Department, Rotecna S.A., 25310 Agramunt, Spain

Before weaning, piglets are used to getting most of their liquid supply from the mother’s milk, so after
weaning the piglets need to learn how to get their supply of liquid from drinkers. The type of drinker
may limit how much water the pig may drink and, in consequence, may limit feed intake. Most
conventional drinkers are nipple drinkers (with or without bowls), and piglets need to learn how to
push the teat to get water. Bowl or turkey drinkers, in which a water quantity is available, have
improved results in weaned piglets because no effort to get water is needed in contrast to conventional
nipple drinkers (Dunn, 1997). One problem of turkey or bowl drinkers is faecal contamination (water
quality), and so need to be checked and cleaned regularly (Lumb, 2001). The objective of this trial was
to study the effect of drinker type on apparent water intake and performance of piglets after weaning.
Six hundred and seventy two weaned piglets aged 21 days (average body weight of 6.38 ± 0.43 kg)
were allocated to twelve pens, at a stocking density of 28 pigs/pen. Animals were fed a commercial
diet using one TR5 feeder per pen (5 feeding spaces per feeder). During the first 15 days of the
experiment a support Maxi Hopper Pan (10 feeding spaces) was added to each pen. In six treatment
pens, two ‘MIDI’ drinking bowls with a nipple were installed, while in the other six pens a bowl with
a ‘VRH’ aqua level valve, which maintains water level in the bowl, was installed. Drinkers of both
treatments were installed 12 cm off the floor. Water flow rate of the MIDI drinking bowls ranged from
1.2 to 1.6 l/min. In bowls with a VRH valve, water level was set at 5 cm from the top of the bowl and
a subjection method was specially designed for very easy emptying and cleaning. Apparent water
intake was measured in each row with an accurate water meter. Apparent water intake of each row was
recorded daily at 07:30 am. Piglet performance data were also recorded. Animals were filmed initially,
at days 7, 14, 21 and at the end, always at 8:00 am. The experiment was repeated twice.
In animals with MIDI, water to feed ratio was twice that in animals with VRH drinkers (Figure 1).
Because no overall differences in performance data and apparent feed intake were detected (P>0.05),
the difference in water consumption with the MIDI drinkers is presumed to be wastage water. Video
filming confirms this hypothesis; animals when pushing the teat of the nipple drinkers (MIDI) did not
drink all water. This wastage water not only increases slurry volume, it also increases productions
costs (water plus water medication).
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Figure 1. Effect of drinker type on water to feed ratio in the post-weaning period

The water to feed ratio decreased with days post-weaning, data also obtained by other authors
(Brooks, 1999). These data suggest that only when they learn to recognise food do they develop a
normal water to feed ratio.
BROOKS, P. (1999). Pig Progress 15, 12-4.
DUNN, N. (1997). Pigs. 13, 32-33.
LUMB, S. (2001). Int. Pig Topics 16, 25.
Email: maria@rotecna.com
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BACKGROUNDING GROWTH OF STEERS IN NORTHERN NEW SOUTH WALES
R.W. DICKER A, J.F. AYRES A and M.J. McPHEE B
A
B

NSW Agriculture, Agricultural Research and Advisory Station, Glen Innes, NSW 2370
NSW Agriculture, Beef Industry Centre, University of New England, NSW 2351

Backgrounding is the management of post-weaning growth and nutrition to produce young cattle
meeting feedlot entry specifications. To supply an increasing demand for feeder cattle and to maintain
profitability, backgrounders need strategies that improve growth of young cattle. We report here the
seasonal liveweight gains from 3 pasture systems at Glen Innes on the Northern Tablelands of NSW.
Pastures were typical of the summer rainfall Temperate Perennial Pasture Zone. The feed year
comprised: winter dormancy with low green herbage mass but high nutritive value; spring primary
growth with high green herbage mass and very high nutritive value; and summer-autumn secondary
regrowth with high green herbage mass but only moderate nutritive value (Ayres et al. 2001).
Limitations imposed were a winter feed gap of low herbage mass associated with low pasture growth
and a summer feed gap of declining nutritive value associated with onset of maturity.
Cattle were 8-month old ‘Beef CRC’ steers. Bos taurus autumn weaners (cohorts A94, A95 and A96,
average liveweight 265 kg) were grown out in 1994, 1995/96 and 1996. B. indicus-cross autumn
weaners (cohort T94, average 224 kg) were grown out in 1994/95. B. taurus summer weaners (average
313 kg) were grown out in 1995 and 1996. Target feedlot entry liveweights were 300 kg and 400 kg.
Pasture systems were improved pasture only (P1), improved pasture plus high protein pellets (P2) or
improved pasture plus Concord ryegrass forage crop (P3). Weaners were allocated across systems on
breed, herd, sire, age and weight. Supplements were provided to autumn weaners in late winter-early
spring. Pellets were fed at 1.0-2.0 kg/head.day. Forage crop was grazed at 3250-1500 kg total DM/ha.
No supplements were given to summer weaners. Pastures were grazed at 3000-1500 kg total DM/ha.
Table 1. Seasonal liveweight gain (kg/head/day) for each cohort of autumn weaners on pasture (P1),
pasture plus pellets (P2) and pasture plus forage crop (P3)
Period
Late Winter

Cohort
A94A
T94A
A95
A96
Early Spring
A94
T94
A95
A96
Late Spring
A94
T94
A95
A96
Summer
T94
A95
A
High total herbage mass of pasture

P1
P2
0.60
0.64
0.54
0.44
-0.08
0.48
0.48
0.53
0.48
0.70
0.41
0.80
1.05
1.28
0.63
0.98
0.71
0.86
0.84
0.85
0.97
0.80
0.96
0.87
0.83
0.55
0.47
0.39
B
Low green herbage mass of forage crop

P3
0.96
0.74
0.14B
0.37
0.95
0.94
1.03
1.31
0.74
0.92
0.76
1.35
0.53
0.77

Liveweight gain (kg/head/day) of autumn weaners on P1, P2 and P3 in critical periods of the feed year
(Dicker et al. 2001) is shown in Table 1. Gain on P1 was generally much lower in late winter and early
spring than in late spring. Gain on P2 was high in early spring. On P3 it was generally high in both late
winter and spring. Weaners on P2 and P3 overcame the effects of the winter feed gap. Low gain in
summer was associated with the summer feed gap. Summer weaners did not reach 400 kg before
winter. The most effective backgrounding system was P3 with autumn weaners.
AYRES, J.F., DICKER, R.W., McPHEE, M.J., TURNER, A.D., MURISON, R.D., and KAMPHORST, P.G.
(2001). Aust. J. Exp. Agric. 41, 959-69.
DICKER, R.W., AYRES, J.F., McPHEE, M.J., ROBINSON, D.L., TURNER, A.D., WOLCOTT, M.L.,
KAMPHORST, P.G., HARDEN, S. and ODDY, V.H. (2001). Aust. J. Exp. Agric. 41, 971-9.
Email: ross.dicker@agric.nsw.gov.au
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BEHAVIOUR PATTERNS OF DAIRY COWS GRAZING KIKUYU AT LOW OR HIGH
PASTURE ON OFFER
R.C. DOBOS A, W.J. FULKERSON B, K. SLACK C and K.S. NANDRA D
A

NSW Agriculture Beef Industry Centre, Armidale, NSW 2351
Dept of Animal Science, M.C. Franklin Laboratory, University of Sydney, Camden, NSW 2570
C
NSW Agriculture, Wollongbar Agricultural Institute, Wollongbar, NSW 2477
D
NSW Agriculture, Elizabeth Macarthur Agricultural Institute, Camden, NSW 2570
B

In Australia, milk is predominantly produced in low-cost grazing systems. The limitations to cow
productivity in these pasture-based systems often arise from low herbage intake and nutrient levels.
This low intake is often primarily because of low levels of feed on offer which then provides a
restriction on time spent grazing. Therefore, a better understanding of the fundamental behavioural
strategies available to the cow is required.
The aim of this study was to examine the patterns of grazing behaviour exhibited by dairy cows on a
typical sub-tropical pasture (kikuyu; February 2000) at two levels of pasture on offer (Low = 925 ± 25
and High = 1186 ± 48 kg DM/ha above a 5cm stubble height). The cows and blocks were randomly
allocated to treatment. Pasture on offer and post-grazing residues were estimated from pasture meter
readings 6 hours before cows entered blocks and between 12 and 24 h after the last cows were
removed to allow trampled pasture time to recover.
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All cows were observed at 20 min intervals for the first two h after entering their blocks at 1600 h and
then at 30 min intervals up to 0700 h. Behaviour measurements were grazing, ruminating and resting
(not ruminating). The proportion of cows grazing the two pasture on offer levels is shown in Figure 1.

Time (h)

Figure 1. Proportion of cows grazing at either a low (---) or a high ( ) level of pasture on offer

Cows grazing at the high level of pasture on offer spent more time grazing than did those cows grazing
a lower level of pasture on offer, 198 vs 129 min in the 15 hour treatment period, respectively. The
cows grazing the high pasture on offer level exhibited a different grazing pattern by returning to graze
after midnight (Figure 1).
Email: robin.dobos@agric.nsw.gov.au
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EFFECTS OF AGE AND LIVEWEIGHT AT FIRST CALVING OF DAIRY HEIFERS ON
PRODUCTION OVER THREE LACTATIONS
R.C. DOBOS A, K.S. NANDRA B, K. RILEY B and W.J. FULKERSON C
A

NSW Agriculture Beef Industry Centre, Armidale, NSW 2351
NSW Agriculture, Elizabeth Macarthur Agricultural Institute, Camden, NSW 2570
C
Dept of Animal Science, M.C. Franklin Laboratory, University of Sydney, Camden, NSW 2570
B

First lactation production results of an experiment designed to assess the interaction between live
weight at first calving (LWFC; 498, 549 and 595 kg) and age at first calving (AFC; 25, 30 and 34
months) on dairy heifer lifetime performance have been reported by Dobos et al. (2001). This paper
reports on some of the results over three lactations from that experiment.
Details on the methodology and experimental design are given in Dobos et al. (2001). Briefly, 135
heifers began the experiment and were reared mainly on pasture to achieve the 3 different AFC and
LWFC treatments. From first calving until the end of third lactation all heifers were run as one herd.
During lactation, heifers were culled on set non-production criteria, primarily on the basis of nonpregnancy.
Univariate estimates of the response to a liveweight increase of 1 kg at first calving and to a month
delay in age at first calving was obtained by linear regression within each AFC and LWFC treatment
against either the actual LWFC or AFC for each lactation. The slopes for each lactation are reported in
Table 1.
Table 1. Responses (slopes) to either a delay in AFC (/month) or an increase in LWFC (/kg) for each
lactation. (P level of significance in parentheses)
Lactation

Milk (litres)

1
2
3

59.1 (0.023)
78.3 (0.015)
6.1 (0.829)

1
2
3

5.93 (<0.001)
5.56 (0.002)
4.72 (0.003)

Fat (kg)
AFC slope
3.18 (0.001)
3.06 (0.029)
-0.49 (0.711)
LWFC slope
0.269 (<0.001)
0.248 (0.002)
0.241 (<0.001)

Protein (kg)
1.64 (0.025)
2.01 (0.028)
0.08 (0.928)
0.195 (<0.001)
0.199 (<0.001)
0.171 (<0.001)

Production of heifers after 3 lactations and calving at 34 months was 9.4% and 2.8% more milk than
heifers calving at 25 and 30 months, respectively. However, differences between lactations indicated
that by the end of third lactation the younger heifers were producing similar quantities as their older
herd mates. Heifers calving at 595 kg produced 7.9% and 3.6% more milk than heifers calving at 498
and 549 kg over the 3 lactations, respectively. The trend was for heavier heifers to produce more milk
within each lactation. The combined effect of AFC and LWFC indicated that total lifetime production
was more dependent on live weight than age.
DOBOS, R.C., NANDRA, K.S., RILEY, K., FULKERSON, W.J., LEAN, I.J. and KELLAWAY, R.C. (2001)
Aust. J. Exp. Agric. 41, 13-9
Email: robin.dobos@agric.nsw.gov.au
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THE FINE WOOL FLOCK AT ROSEWORTHY
S. DOMINIK A, A.M.M. RAMSAY A, C.E. POPE A, R.W. PONZONI B and P.I. HYND C
Livestock Systems Alliance, Roseworthy Campus, Roseworthy, SA 5371.
A
Sheep Industries Development Centre
B
SARDI Livestock Systems
C
Dept. Animal Science, The University of Adelaide

Traditionally, medium to strong wool (22-26 micron) has been produced in the Mediterranean climate
of South Australia, where Merino sheep are typically plain bodied, with open faces, and of large
frame. There has been an industry perception that only such sheep can profitably produce in the harsh
South Australian climate. In the last 10 years the average micron of wool produced in South Australia
has been 1 to 3 microns broader than the national average which ranged between 21 and 22 micron
during that period (ABARE 2002).
The Fine Wool Flock (FWF) was established in 2000 by The University of Adelaide and the Sheep
Industries Development Centre at the Roseworthy Campus. Four hundred and twenty six Finewool
ewes born in 1995 and 1996 were purchased from Western Australia. Table 1 shows the results from
the 2001 shearing for greasy fleece weight (GFW), clean fleece weight (CFW), yield (Y), fibre
diameter (FD), coefficient of variation of fibre diameter (CVFD), staple strength (SS) and staple
length (SL).
Table 1. Results from the 2001 autumn shearing
Mean

GFW
(kg)
4.0

CFW
(kg)
1.9

Y
(%)
48.7

FD
(micron)
18.9

CVFD
(%)
21.7

SS
(N/ktex)
38

SL
(mm)
78

In 2001 the ewes were artificially inseminated with semen from fine wool sires sourced from New
South Wales, Victoria and South Australia. Two of the sires link the Fine Wool Flock to Central Sire
Evaluation.
A major aim of the Roseworthy FWF is to demonstrate that fine wool sheep can be run as a profitable
component of a cropping enterprise in the environment in question. Since its establishment, the FWF
has been integrated with the Selection Demonstration Flocks (SDF). The SDF project is evaluating
the genetic progress achieved by different selection methods, namely, objective measurement,
professional classer assessment, and ‘elite wool’ approach (Ponzoni et al. 2000). In the FWF
selection and mating decisions are made by a committee of industry members who represent the three
above mentioned selection methods. An important aim in this process is to find as much common
ground as possible among the approaches.
The breeding objective, in broad terms, has been defined as ‘improving the profitability of fine wool
sheep in this environment’ and it includes the following traits: CFW (maintain), FD (reduce), CVFD
(maintain or reduce), SS (maintain or increase) and live weight (maintain). Faecal egg count, yield
and reproductive rate will be monitored and will be a target of improvement through management.
The inclusion of the Fine Wool Flock in the SDF project opens opportunities for communication
among supporters of the different approaches. It encourages an exchange of ideas that can culminate
with the development of selection options which better satisfy advocates of all approaches, and might
result in widespread adoption in the Australian Merino sheep industry.
The Selection Demonstration Flocks project is funded by Australian Wool Innovation Ltd (AWI).
ABARE (2002). AgSurf, http://www.abare.gov.au.
PONZONI, R.W., JAENSCH, K.S., GRIMSON, R.J. SMITH, D.L. and INGHAM, V.M. (2000). Wool Tech.
Sheep Breed. 48, 303-13.
E-mail: dominik.sonja@saugov.sa.gov.au
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BIOMECHANICAL PROPERTIES OF PLANT SPECIES IN ANNUAL PASTURES GRAZED
TO DIFFERENT LEVELS OF FEED ON OFFER.
R.A. DYNES and D.A. HENRY
CSIRO Livestock Industries, Private Bag No 5 Wembley, WA 6913

The feeding value of a pasture or forage is the animal production response when voluntary feed intake
(VFI) is not limited by feed availability. Ulyatt (1973) estimated that variation in VFI accounts for at
least 50% of the observed variation in feeding value of forages. Measurement of in vitro digestibility
and proximate analyses will provide estimates of relative nutritive value (production response per kg
of feed) but no estimate of feeding value of forage. VFI is correlated with some proximate analyses,
however Weston and Davis (1991) found a stronger relationship between biomechanical characters/
fibre composition of forages and what animals did not eat (forage consumption constraint; FCC).
Energy required to comminute was positively correlated (r=0.96) with FCC, as was energy required to
shear and FCC (r=0.94, Baker unpublished). Plant biomechanical properties together with digestibility
can be used to estimate FCC as an index of potential feeding value. In grazing experiments alkanes
can be used to determine digestibility, intake and selection thus allowing the comparison of actual
FCC and FCC estimated from biomechanical properties.
The aim of this study was to determine the effect of grazing to different levels of feed on offer
throughout the season on the energy required to shear the different plant species present and further to
investigate the relationship between energy required to shear and proximate analyses.
The plant material was collected as part of an experiment at Mt Barker (530km south of Perth), where
pregnant/lactating ewes and wethers of low or high condition score were grazed on plots maintained at
a level of feed on offer of 600, 900, 1200, 1600, 2000 or 2500 kg DM per hectare from mid June
(approximately 1 month before lambing) until early October 2000. Pastures were sampled intensively
on 11 July (winter), 28 August (spring) and 3 October (wilting), by plucking pure species at
predetermined intervals along a W transect across the plot.
Table 1. Mean (sem) shear energy, in vitro digestibility and NDF content of annual pasture species
July

Clover
August

October

July

Grasses
August

October

Capeweed
July
August

7.4 (1.2)

8.1 (0.91)

7.9 (0.97)

9.6 (0.79)

8.2 (0.49)

6.4 (0.57)

6.6 (0.76)

69 (1.1)
41 (1.9)

72 (3.9)
52 (1.8)

69 (2.7)
53 (1.8)

67 (3.3)
55 (1.7)

79 (1.2)
43 (1.8)

77 (1.3)
44 (1.9)

75 (1.7)
35 (1.9)

October

Shear
(kJ/m2)

IVD (%)
NDF (%)

6.9 (0.72)
73 (1.2)
37 (1.8)

5.6
(0.76)
71 (2.0)
41 (1.6)

There was no effect of level of feed-on-offer on the energy required to shear plant material (P>0.05),
despite visual differences in sward structure. Pasture species and time of sampling significantly
affected shear energy. The energy required to shear grass increased from winter/spring to wilting,
(P<0.001), capeweed decreased significantly over the season and clover decreased in spring but
increased again at wilting. Although these changes were statistically significant, energy required to
shear of less than 10 MJ is significantly lower than found with hays and dry mature pastures where the
energy required to shear is commonly in the 12-24 kJ/m2 range (Baker & Dynes 1999). NDF and IVD
were significantly but relatively poorly correlated with shear (P<0.001; r=0.51: P=0.008; r=-0.29).
In conclusion, maintaining annual pastures over a wide range of levels of feed on offer did not affect
the energy required to shear plant material, although further research on the contribution of plant parts
to average shear is required. The energy required to shear the plant material remained relatively low
even following wilting and unlikely to constrain intake.
BAKER, S.K. and DYNES, R.A. (1999). In ‘Genetic Resources of Mediterranean Pasture and Forage Legumes’
p. 120-131.
Ulyatt, M.J. (1973). In ‘Chemistry and Biochemistry of Herbage’ p. 131-78.
WESTON, R.H. and DAVIS, P. (1991). Proc. 3rd Int. Symp. Nutr. Herb. 31.
Email: Robyn.Dynes@csiro.au
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SHEEP PRODUCTION ON PUCCINELLIA-BASED PASTURES IN SOUTH AUSTRALIA
N.J. EDWARDS A, J.E. HOCKING EDWARDS A, D. SANDERS B and D.K. REVELL C
A

South Australian Research and Development Institute, Struan Agricultural Centre, Naracoorte, SA 5271
Erelma Grazing Company, Keith, SA 5267
C
Dept of Animal Science, The University of Adelaide, Roseworthy, SA 5371
B

Puccinellia (Puccinellia ciliata) is a winter active perennial grass that is well suited to saline and
waterlogged land, growing well in areas typically inundated with sea barley grass (Hordium marinum)
and where the soil has become bare (Herrmann and Booth, 1997). In the Upper South-East of South
Australia puccinellia is usually grazed in late spring as a means of avoiding barley grass seed problems
in livestock or in autumn to fill the usual feed gap and thereby reduce the reliance on supplementary
feeding. Anecdotal evidence suggests that puccinellia is excellent stock feed (Herrmann and Booth,
1997), however documented production data are largely unavailable. This paper reports on a
preliminary study of animal production for sheep grazing puccinellia on moderately saline soil in the
Mt Charles area of South Australia (ECe: 10-25 dSm-1). The study is part of a national initiative to
develop innovative animal production solutions for saline/waterlogged land that are economically and
ecologically sustainable.
Four hundred and twenty 1999-drop Merino ewe hoggets shorn in mid-November 2000 grazed an
approximately 40ha paddock of senescent puccinellia-based pasture from late January to early April
2001. Fifty animals were selected at random from the mob, identified by eartag, weighed and
condition scored. n-alkane controlled release devices were inserted into 10 of these animals on 30th
January to quantify intake and pasture selection. In addition, pasture herbage mass (calibrated visual
assessments) and botanical composition (BOTANAL method) were determined at approximately
monthly intervals to characterise the site.
At the end of January, herbage mass on offer was 2537 ± 214.6 kg DM/ha, with the pasture
comprising 65% puccinellia, 11% Balansa clover, 9% ryegrass, 7% barley grass and 8% other species.
By early April this had changed to 1304 ± 132.8 kg DM/ha, comprising 89% puccinellia, 2% ryegrass
and 3% other species, but no Balansa clover. Intake measurements made during mid February indicate
that animals were eating 1.63 ± 0.449 kg DM/head/day consisting of 93% mixed grasses (range: 74100%), 4% Balansa clover (0-26%) and 3% other species (0-13%). Animal performance is shown in
Table 1.
Table 1. Animal liveweight and condition score (±sem).
Liveweight (kg)
Condition score

Start of Grazing
30/1/2001
43.6 ± 0.56
2.4 ± 0.09

28/2/2001
44.0 ± 0.56
2.6 ± 0.08

End of Grazing
3/4/01
40.8 ± 0.57
2.2 ± 0.06

*41.5mm of rain over three events fell during the second half of March

These results demonstrate that sheep can graze a senescent puccinellia-based pasture for a short period
in late summer to maintain liveweight and condition score but will lose liveweight and condition if left
grazing this material for too long. Unfortunately the discriminating power of the n-alkane technique
was insufficient in this instance to adequately assess the proportion of each grass species consumed.
However, the low rate of Balansa clover intake relative to its initial representation in the sward
indicates that this species may be preferentially consumed at the beginning of grazing and be rapidly
depleted. It is hypothesised that the decrease in animal performance by early April is due to a poorer
quality sward being available to the animals. Thus the challenge is to improve pasture quality in a
mixed sward with different management strategies, perhaps by increasing or maintaining the
proportion of Balansa clover in the sward in late summer/autumn.
HERRMANN, T.N. and BOOTH, N. (1997). Puccinellia – perennial sweet grass. (Primary Industries South
Australia).
Email: edwards.nick@saugov.sa.gov.au
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BUILDING LINES OF WOOL BASED ON OFDA2000 FIBRE DIAMETER RESULTS
M. FERGUSON, C. GLOAG, R. BEHRENDT and F. BRIEN
Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton, Victoria 3300

On-farm wool testing devices such as the OFDA2000 allow wool producers to objectively class their
clip, minimising the errors associated with subjective classing (Brims et al. 1999). This study
investigated the capability and economic viability of using the OFDA2000 in building lines of wool.
A single staple was taken from the midside of 3290 merino sheep, managed as four flocks, prior to
shearing between October and December 2000. The samples were tested for mean fibre diameter
(MFD) on the OFDA2000 using the factory preset calibration and grease correction factor. The
average MFD of the flocks and other details were entered into a software package “Virtual
Woolclasser ©” (Semple and Atkins 2000) to establish optimum fibre diameter cut-off points. Fleeces
were weighed at shearing and allocated to the predetermined lines. Fleeces with faults were removed
from all lines. The compiled lines were submitted for testing and sold between December 2000 and
January 2001. A weighted average fibre diameter was calculated for each line and these were
compared to the pre-sale core test result. Prices for theoretical lines of wool (if lines from each flock
had been bulked) were obtained from the Australian Wool Exchange, based on premiums and
discounts that applied on the day of sale. Profit was calculated by subtracting $2.10/head (covering
OFDA2000 testing, labour and extra line testing costs) from the gross increase in wool value.
23
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Figure 1. Correlation of core test mean fibre diameter (MFD) and weighted average OFDA2000 MFD, for
4 flocks A, B, C&D. Core test MFD = 0.91(OFDA2000 MFD) + 1.84, R2= 0.96, r.s.d.= 0.3
Table 1. Flock information and profit/loss achieved, including staple strength (SS) and core test mean
fibre diameter (MFD) of the finest (Fine) and broadest (Broad) line in each mob
Flock
A
B
C
D

Number
of lines
3
2
5
2

Total clean
weight (kg)
3239
857
1671
330

Average core test
MFD (µm)
20.6
18.7
18.7
18.7

SS (N/kt)
Fine Broad
31
30
25
18
26
36
25
34

MFD (µm)
Fine
Broad
19.3
21.5
17.9
19.7
16.8
20.0
17.7
19.3

Increase in
wool value
$2420
$177
$3652
$448

Profit/loss
per head
$0.49
- $1.76
$0.29
- $0.61

The results revealed a close correlation (P<0.001) between the weighted average fibre diameter from
the OFDA2000 and the core test for each line (Figure 1). The deviation of OFDA2000 MFD from the
core test MFD ranged from –0.4µm to +0.5µm and averaged –0.1µm. Table 1 demonstrates that the
economic outcome is variable. In this study, profitability was influenced by a tendency for the finer
lines to have a lower staple strength, thus reducing their value, and reduced wool volume due to the
loss of fleeces with faults into cast lines. Increased profit in subsequent years and long term genetic
gain would be possible if the measurements were also used to cull broader, less productive animals.
The OFDA2000 MFD results are well correlated to certified core tests and building lines of wool
utilising the OFDA2000 is feasible and can be profitable. Growers need to identify the correct market
conditions to ensure the profitability of objective wool classing.
BRIMS, M.A., PETERSON, A.D. and GHERADI, S.G.(1999). IWTO Tech. Rep. RWG 04, Florence.
SEMPLE, S.J. and ATKINS, K.D. (2000). Proc. Wool & Sheepmeat Services Prog. Ann. Conf.
Email: Mark.Ferguson@nre.vic.gov.au
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THE EFFECTS OF VEHICLE DESIGN AND STOCKING DENSITY ON
ENVIRONMENTAL CONDITIONS FOR LAMBS ON ROAD TRANSPORT VEHICLES
A.D.FISHER A , M.STEWART A , J.TACON B and L.R.MATTHEWS A
A
B

AgResearch, Ruakura Research Centre, Private Bag 3123, Hamilton, New Zealand
16 Judsons Road, RD1, Kaiapoi 8252, New Zealand

The transport of livestock on longer road journeys can expose animals to challenging conditions that
may compromise animal welfare. Preliminary field data indicated that slaughter-weight lambs were at
risk of heat stress, especially during stationary periods and while vehicles were on enclosed ferry
decks. The aim of this study was to evaluate the potential of variations in crate design and stocking
density to improve environmental conditions on lamb transport vehicles during summer.
Experiment 1 measured the effects of crate design, and compared a newer, alloy design (3-deck truck,
4-deck trailer) with an older, more ventilated, steel design (3-deck truck, 3-deck trailer). Experiment 2
measured the effects of lamb stocking density, and compared “standard practice” stocking density (≈
0.20 m2 per 35 kg lamb) with “low density” loading (reduced by 20%). Each experiment was
replicated twice and each journey consisted of travel periods and stationary periods designed to
emulate conditions associated with a longhaul road journey incorporating an inter-island ferry
crossing. Air ammonia concentrations, temperature and humidity were monitored within each vehicle.

THI

Ammonia concentrations were generally low in both experiments. The temperature humidity index
(THI) increased when the vehicles were stationary, especially under conditions designed to emulate an
enclosed ferry deck (Figure 1). Values of THI over 80 represent significant heat stress conditions. The
ambient climatic conditions during Experiment 1 were not very warm, although there was evidence
that THI was slightly lower in the older design crate (Table 1). High ambient temperatures were
present during Experiment 2, and THI was significantly lower at low density loading (Table 1).
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Figure 1. THI responses for a journey in Experiment 2. ---- standard density; …. low density; — ambient

For a given lamb transport vehicle, a strategy such as lowered loading density may be of considerable
benefit during longhaul and inter-island transport on hot days. Vehicle designs incorporating
additional ventilation are also likely to be beneficial, but further research is needed to identify the
ambient conditions which cause dangerous increases in THI inside vehicles, to permit appropriate
action (e.g. reduced stocking density) when ambient conditions are predicted to reach defined limits.
Table 1. The effects of vehicle crate design and stocking density on THI
Journey stage
Stationary outside
Stationary inside shed
Journey peak value
Stationary outside
Stationary inside shed
Journey peak value

Treatment
Newer crate design
Older crate design
65.0
62.9
76.1
73.6
81.5
78.4
Standard density
Low density
71.6
68.9
84.3
79.6
91.0
84.9

Email: andrew.fisher@agresearch.co.nz
295.

SED

P value

0.08
1.19
1.40

0.023
0.29
0.28

0.44
0.53
0.91

0.25
<0.001
<0.001
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A SIMPLE YIELD-BASED PRICING GRID FOR BEEF CARCASES
E.R.GADEN A D.PERRY A and T. NOLAN B
A
B

NSW Agriculture Beef Industry Centre, UNE Armidale NSW 2351
Nolans Meats, Gympie Qld 4570

The beef industry needs a simple and effective yield payment system, which producers can understand
and smaller processors can use as a cheap alternative to VIAscan. A price grid based on carcase
weight (HSCW), rib fat and eye-muscle area (EMA) can fit this need. Producers can relate these to
live cattle assessment, and could therefore respond to incentives to lift carcase yield, improve returns
for their cattle and reduce wastage in the industry. It would be cheap and easy to implement, especially
where Meat Standards Australia (MSA) grading is already practised, and could be used to develop
yield improvement training. Fatness is the major cause of yield variation in beef carcases, but at
similar weight and fatness, such as with most domestic carcases, muscling becomes a much more
important factor (McKiernan 2000). The commonly used weight/P8 fat payment grid does not reflect
these yield differences. Payment based on VIAscan-estimated yield is potentially more accurate, but is
expensive, and will not give producers the assessment indicators they need to improve yield in their
cattle.
As part of the 2001 Gympie Carcase Classic, cattle of many breeds and crosses were finished together
in a feedlot, and 133 of them met the market age/weight targets (0 teeth, 200-280kg). Each right side
was quartered (12/13th rib) after chilling, and graded by a MSA grader, including measurement of
EMA and rib fat depth. All cuts, bones and trim were weighed and a saleable meat yield percentage
calculated for each carcase, with yields ranging from 68 to over 80%.
Total payments to producers for all 133 carcases were equivalent to paying an average of $4.48 per kg
for all the saleable meat produced. Using this average value, the “real” value of each carcase was
calculated from its actual weight and yield percentage. Alternative payment grids for the carcases were
then derived from this data, using HSCW and rib fat depth, with or without EMA, and compared for
their ability to pay for yield. To aid interpretation, the grids used the same rib fat price adjustment
across all weights, and a 10 cm2 EMA (medium muscling) par price band, set 5 cm2 higher with each
20kg weight class. Table 1 shows this for the first 20kg weight class.
Table 1. Key price adjustments in proposed price grid (example section for 200.1-220kg carcases)
Rib fat depth (all wts)
EMA*
Equivalent Live Muscle Score
2-6mm
0c
Up to 68 sq cm -10c
Moderate (D/ low C)
7-9mm
-5c
69 –78sq cm
0c
Medium (C/C+)
10-13mm -10c
over 78 sq cm
10c
Heavy (B)
* The 10 cm2 -wide par price band moves up by about 5cm2 for the next 20kg weight class, etc.

Table 2 shows variations from the overall average value of $3.30/kg HSCW. The top 10 yielding
carcases are really worth 25c/kg more, but applying the fat adjustment in Table 1 only reward them
1c/kg above average for the extra yield. Adjusting for both fat and EMA rewards them an extra
12c/kg. The bottom 10 yielding carcases are worth 14c/kg less than average, but the fat adjustment
only discounts them 2c/kg, while fat+EMA discounts them by 10c/kg. In this population, an average
over/underpayment of $22, $21 or $17 would result from paying on a flat price, or with fat adjustment,
or fat+EMA respectively. Compared to a flat price, fat+EMA increased the proportion valued to
within $10 of “true” value from 28% to 34%, and reduced all 40 of the biggest over/underpayments.
Table 2. Relative values per kg HSCW, for carcase payment (all 200 – 280kg carcases, average $3.30/kg)
% Yield
group
Highest 10
Lowest 10
All 133

Average yield
%
79.2
69.1
73.7

Relative “real” value
c/kg HSCW
+25
-14
0

Av. grid price paid c/kg,
Rib fat adjustment only
+1
-2
0

MCKIERNAN, W.A. (2000). Anim. Prod. Aust. 23, 151.
Email: bob.gaden@agric.nsw.gov.au
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Av. grid price paid c/kg,
Rib fat/EMA adjustment
+12
-10
0
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THOROUGHBRED FAMILIES DOMINATING THE PEDIGREES OF WINNING
HORSES IN THE AUSTRALIAN GROUP 1 COX PLATE 1922-2001
J.R.GALLAGHER
3A Brook Avenue, Glen Osmond, South Australia, 5064

Lowe (1913) classified thoroughbred families (or direct line of descent in tail female) by number
according to winning performances of family members in the English Derby, Oaks and St Leger.
This system of family classification of thoroughbreds has survived to this day and is used in the
Australian Stud book (Digby, 2001). This study was conducted to identify and highlight the most
successful families that have contributed to Australia’s premier Group 1, weight for age race, the Cox
Plate. Identification of Cox Plate entrants (1922-2001) to Bruce Lowe family numbers were obtained
from McFadden (1969) and Digby (2001). Racing performances in the Cox Plate (1922-2001) were
obtained from Anon. (1922-1955), Anon (1956-1977) and Anon. (1978-2001).
Table 1. Names of horses of families 1 or 2 and year that they won the Cox Plate (1922-2001) and in a
direct line of descent from named female ancestors
Family 1
Year Horse
1925 Manfred
1926 Heroic
1945 Flight
1946 Flight
1949 Delta
1964 Sir Dane
1928 Highland
1939 Mosaic
1954 Rising Fast
1950 Alister
1959 Noholme

Female ancestor
Pawn GB 1808
Pawn GB 1808
Pawn GB 1808
Pawn GB 1808
Pawn GB 1808
Pawn GB 1808
Morel GB 1805
Morel GB 1805
Morel GB 1805
Web GB 1808
Web GB 1808

Family 2
Year Horse
1930 Phar Lap
1931 Phar Lap
1968 Rajah Sahib
1999 Sunline
2000 Sunline
1938 Ajax
1947 Chanak
1952 Hydrogen
1953 Hydrogen
1997 Dane Ripper
1991 Surfer’s Paradise
1993 The Phantom Chance
1936 Young Idea
1937 Young Idea

Female ancestor
MissKate
GB 1873
Miss Kate
GB 1873
Miss Kate
GB 1873
Miss Kate
GB 1873
Miss Kate
GB 1873
Atalanta
GB 1769
Atalanta
GB 1769
Sandal
GB 1861
Sandal
GB 1861
Sandal
GB 1861
Lullaby
NZ 1887
Lullaby
NZ 1887
Miss Makeless GB1737
Miss Makeless GB1737

It is shown in Table 1 that family 1 has had eleven winning performances in the Cox Plate with a
direct line of descent fromeither Pawn, Morel or Web. However there have been no winning
performances of this family since Noholme in 1959. Representatives of family 2 have had the most
frequent winning performances (14) with Sandal present in the pedigree of multiple winner Hydrogen
(1952,1953) and Miss Kate present in the pedigrees of multiple winners Phar Lap (1930, 1931) and
Sunline (1999 and 2000). Thus families 1 and 2 were represented jointly by 31% of winners of the
Cox Plate. The number of losing performances (107 in family 1 and 93 in family 2) as well as
winning performances were taken into account in determining if there were significant differences
between families 1 and 2 in racing performance (Chi square 0.807 not significant). Other winning
families 4, 5 and 14 with five wins each, combine with families 1 and 2 in emphasising the genetic
contribution of particular mares and families to Australia’s premier Group 1, weight for age race, the
Cox Plate.
ANON. (1922-1955). In ‘Australasian Turf Register’ (Stillwell and Knight, Melbourne).
ANON. (1956-1977) In ‘Sunday Mail’ Adelaide.
ANON. (1978-2001). In ‘Australian Race Results’ Eds. Young and Fullarton (Melbourne).
DIGBY J. (2001). In ‘Australian Stud Book’ http//www.studbook.aust.com/
LOWE, C.B. (1913). In ‘Breeding Racehorses by the Figure System’ Facsimile reprint 1977 (first published by
The Field and Queen (Horace Cox), London).
McFADDEN, W.J. (1969). In ‘Thoroughbred families of Australia and New Zealand’. (Angus and Robertson,
Sydney).
Email: jrgallag@chariot.net.au
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ELECTRONIC SYSTEM FOR SHEEP DATA COLLECTION PROVIDES IMPROVED
LABOUR EFFICIENCY AND ACCURACY
G. GAUNT, G. SEYMOUR and P. CURRAN
DNRE Rutherglen Research Institute, Rutherglen, Vic 3685

Livestock identification has become a high priority for the Australian meat industry. Clear, accurate
identification provides the opportunity to trace diseases to property of origin and to assist with the
maintenance of production and breeding records. It is essential that identification is long lasting and
easily read. Visually-read ear tags are commonly used for sheep identification; however operators
often experience problems with tag loss, poor readability, misreading or inaccurate recording of data.
A software system (Sheepone®) which is compatible with electronic tags has been developed to
automatically capture sheep data and has been installed at DNRE Rutherglen and Hamilton. The
system is connected to a sheep handler (Racewell®) that automatically captures and releases sheep.
The handler incorporates scales (Iconix® FX21) which are programmed for automatic recording of
live weight data by the software. Additional data such as fat and eye muscle measurements and
reproduction status can be entered manually into the Sheepone® program.
To determine the efficiency of the electronic system, it was trialed against two methods of manual data
collection. Adult first cross ewes (n=90) were fitted with a visually and electronically readable HDX
sheep tag (Allflex®). Ewes were assessed for weight using all three methods: 1) Electronic reading of
tags, weighed in Racewell® using Iconix® scales and electronically recorded; 2) Visual reading of
tags, and weighed in Racewell® using Iconix® scales and manually recorded; and 3) Traditional –
same as Visual, except weighed using manually operated scales. GR fat was scored using manual
palpation and manually entered directly into the program (electronic) or onto a recording sheet (visual
and traditional). Table 1 shows times taken to weigh and fat score sheep and manually input data.
Accuracy percentages for recording and inputting of data were calculated.
Table 1. Time, labour and accuracy of assessing and recording live weight and GR fat of 90 sheep
Method

Assessment
time
(minutes)
Electronic
39
Visual
39
Traditional
31
A
One labour unit = one person

Assessment
labour
(unitsA)
2
3
3

Data entry
time
(minutes)
0
8
8

Data entry
labour
(unitsA)
0
1
1

Recording
Accuracy
(%)
100
97
100

Data Entry
Accuracy
(%)
100
99
97

Labour efficiency was greatly improved using the electronic method. Whilst assessment times were
similar for all methods, fewer labour units were required to operate the electronic system. Automatic
data capture and down loading of data ensures 100% data accuracy, as it eliminates transcription errors
and the need to visually read tags. The incidence of operator error increases with an increase in the
number of sheep assessed. Consequently the accuracy and labour benefits from using the electronic
method will be more evident when larger numbers of sheep are assessed.
The Sheepone® program provides additional management benefits as it displays information such as
pedigree, daily weight gain, reproduction and management history. These features enable immediate
management decisions and drafting. The Sheepone® audio feature contributes to the smooth flow of
sheep movement as it announces animal identification, confirms weight and provides an alert for
individual animals.
The opportunity exists to develop similar electronic systems for other commercial livestock operations
such as goats and deer.
Acknowledgment: Sheepone® is a software package developed by On Farm Electronics, Geelong,
Victoria.
Email: gervaise.gaunt@nre.vic.gov.au
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THE USE OF FAECAL NEAR INFRA-RED SPECTROSCOPY TO PREDICT DIETARY
DIGESTIBILITY AND CRUDE PROTEIN CONTENT FOR CATTLE FED SUPPLEMENTS
S.J. GIBBS A, D.B. COATES B, D.P. POPPI A, S.R. McLENNAN C and R.M. DIXON C
A

School of Land and Food, University of Queensland, St Lucia, Qld 4072
CSIRO, Davies Laboratory, Townsville, Qld
C
Queensland Beef Industry Institute, Dept of Primary Industries, Yeerongpilly, Qld
B

Faecal Near Infra-Red Spectroscopy (FNIRS) is a recent technology which has been demonstrated to
predict dietary dry matter digestibility (DMD) and crude protein (CP) content of grazing ruminants
(Coates 2000). To date the method has been largely restricted to use with unsupplemented grazing
animals as previous work (Lyons et al. 1993) has reported poor predictive accuracy with all but low
intakes of supplement. However, supplementary feeding is common in the Australian beef industry.
.
This project was designed to construct FNIRS calibration equations to predict DMD and CP content of
both the total diet and the basal forage of cattle fed three supplements in common use in northern
Australia (grain sorghum, barley, and cottonseed meal). Faecal samples were obtained from five pairs
of cattle each pen fed one of five forages (three tropical and two temperate) in combination with each
of three supplements (in sequence) at each of five intake levels (in ascending sequence at 0, 0.5, 1, 1.5,
2% BW). For each individual diet an in vivo DMD (IVVDMD) was obtained over a seven-day faecal
collection period. An in vitro DMD (IVTDMD) was obtained on each forage in every collection
period, as well as a CP content for each forage and supplement.
Infrasoft NIRS3 software was used to construct the predictive calibration equations from the
diet/faecal pairs for DMD and CP content in the total diet and DMD in the dietary forage component,
with modified Partial Least Squares regressions (MPLS). There were high correlations between
predicted and actual values for all parameters (Table 1), with acceptable associated errors, and these
results are consistent with other published FNIRS work (Table 2). With further appropriate diet/faecal
pairs included in the calibration equations the standard errors would likely be reduced, as the current
number of independent diet faecal pairs (65) is less than satisfactory for an independent calibration set.
Existing equations developed exclusively on forage diets (Coates 2000) provided acceptable
predictions for the unsupplemented hay diets but not for total diet quality when the ration included
supplements. The advancements in the FNIRS techniques provided through our study include reliable
prediction of the quality of the forage selected and that of the total consumed diet, even in the presence
of high supplement intakes. This markedly increases the versatility of this predictive tool for
commercial grazing enterprises. This research has been partly funded by MLA and ARC.
Table 1 MPLS correlation coefficients and error terms for NIRS predicted and actual values of
IVVDMD (%) and CP content (%) of the total diet and IVTDMD (%) of the forage component only
SE of calibration (SEC)
SE of cross validation
Range
R2
Total diet IVVDMD 0.87
2.63
3.01
46.7-85.4
Total diet CP
0.99
1.28
1.37
4.2-42.2
Forage IVTDMD
0.92
2.38
2.88
42.4-79.3
Table 2 Comparison of calibration equations for predicting dietary DMD (%) and CP (%) in cattle
R2 (DMD)
SEC (DMD)
R2 (CP)
SEC (CP)
Current results
0.87-0.92
2.38-2.63
0.99
1.28
Coates (2000)
0.89-0.97
2.2-2.5
0.99
0.54
Lyons and Stuth (1992)
0.69-0.80
1.66-1.75
0.64-0.92
0.88-0.89
COATES, D. B. (2000). Final Report Project CS253. Townsville, CSIRO.
LYONS, R. K. and STUTH, J. W. (1992). J. Rangeland Management 45, 238-44.
LYONS, R. K. et al. (1993). J. Anim. Sc. 71, 530-8.
Email: j.gibbs@mailbox.uq.edu.au
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WOOL QUALITY VARIATION - A CASE STUDY FROM SOUTH WEST VICTORIA
C. GLOAG, R.BEHRENDT and M. FERGUSON
Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton, Vic 3300

An increasing number of wool producers are turning to systems outside the traditional auction to
market their wool. In 2000/2001, around 15% of growers nationally used advanced wool marketing
methods. This is predicted to increase significantly (Watson, 2001). To capitalise on these ‘advanced’
systems, which may involve forward selling or sale directly to processors, woolgrowers must be able
to accurately forecast wool clip specifications. This may be straightforward for growers that produce a
similar product each year and/or have a thorough understanding of the effect of changes in climate or
management on wool quality. This study was conducted to determine whether wool enterprises in a
similar climatic zone differed in their control of annual fluctuations in wool quality parameters.
The study utilised information from members of the South West Victorian Monitor Farm Project
(SWVMFP) which collects physical and financial information from around 50 farms annually (Beattie,
1999). The analysis used wool classified as adult merino fleece sold at auction between 1989/90 and
1998/99 (data from Auswool Direct Pty. Ltd.) for 23 SWVMFP farms. Weighted averages for the
fleece lines were calculated and the variation analysed. Results are presented in Table 1.
Table 1. Variation in wool quality characteristics within the SWVMFP between 1989/90 and 1998/99
Characteristic
Fibre diameter (µm)
Yield (%)
Staple length (mm)
Staple strength (N/ktex)
Mid breaks (%)
Predicted hauteur (mm)

Mean
21.0
73.9
92
36
55
69

Avge Maximum
22.1
75.8
101
41
73
74

Avge Minimum
19.7
69.9
83
32
35
65

Avge Range
2.4
5.9
18
9
38
9

Avge Std Dev
0.7
1.4
3.8
2.9
10.1
2.6

22
21
20

45
40
35
30

Farm a
Farm b

25
20

89
/9
0
90
/9
1
91
/9
2
92
/9
3
93
/9
4
94
/9
5
95
/9
6
96
/9
7
97
/9
8
98
/9
9

23

89
/9
0
90
/9
1
91
/9
2
92
/9
3
93
/9
4
94
/9
5
95
/9
6
96
/9
7
97
/9
8
98
/9
9

Fibre diameter (µm)

24

Staple strength (N/ktex)

Variation in wool characteristics between years for most properties was quite large. However, some
producers controlled wool quality and had less variation between years compared to others. This is
illustrated in figure 1, where farm 'a' managed to control fibre diameter variation (1µm range) and
staple strength (9 N/ktex range) more effectively than farm 'b', where the range was 3µm and
15N/ktex, respectively.

Figure 1. Variation in fibre diameter and staple strength for two SWVMFP properties

Wool characteristics were modeled by multiple linear regression to determine causes of variation
between properties and years. Stocking rate efficiency (DSE/ha/100mm rain) was used as a covariate
in an attempt to account for climatic and pasture-base differences between properties. When property
was used as a blocking factor, a greater proportion of variation was accounted for, indicating that
differences in management between farms that were not included as separate factors in the analysis are
important when managing wool quality variation.
Further research is required to make more definitive conclusions on control of annual variation in wool
quality traits. However, the fact that some woolgrowers are currently managing to control variation
suggests there is scope for wider industry adoption of effective strategies.
WATSON, P. (2001). BESTWOOL2010 wool marketing and price risk management evaluation. Report prepared
for DNRE by Down to Earth Research.
BEATTIE, L. (1999). South West Victorian Monitor Farm Project. Summary of Results 1998-99
Email: clare.gloag@nre.vic.gov.au
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MILK PRODUCTION OF F1 HEIFERS DERIVED FROM ANGUS AND HEREFORD COWS
AND SIRED BY ANGUS, HEREFORD, LIMOUSIN AND SIMMENTAL BULLS.
J.F GRAHAM A, A.J.CLARKA, M.DELAND B and T.HARDY A
A
B

Pastoral and Veterinary Institute, Hamilton, Vic. 3300
Struan Research Centre, Naracoorte, S.A. 5271

Producers currently use BREEDPLAN to select sires with the most appropriate traits to meet their
breeding objectives. Whilst emphasis is normally placed on carcass and growth rate traits for selection
of sires for use in steer production systems, breed differences in milk production are valuable when
selecting sires for producing replacement females and vealer production systems. Significant across breed variation occurs in milk production (Sawyer et al. 1994), however there is little information on
milk production of beef breeds under grazing conditions in Australia.
A total of 88 sires (22 from each of 4 different breeds; Angus (Ang), Hereford (Her), Limousin (Lim)
and Simmental (Sim), were joined to Her and Ang cows, to provide data for use in Breedplan to
produce across-breed estimated breeding values. A representative group of bulls within each breed
were used by selecting similar numbers from each percentile band on 400-day growth rate EBVs. This
paper reports milk production differences of 370 2-year old calving F1 female progeny born in 1998
and 1999 at Hamilton and Struan. Measurements were taken in early, mid and late lactation, using the
weigh –suckle– weigh technique (Dawson et al. 1960).

Milk Yield (kg/d)

Milk production was averaged over
Milk Production of crossbred heifers
the 3 sampling periods and data was
analysed using residual maximum
6.0
likelihood (REML), with year, owner
5.0
and mob being used as random
4.0
effects, with dam breed, sire breed
and average milking date (because it
3.0
had a significant effect (P=0.002) on
2.0
yield) as fixed effects. There was a
1.0
significant effect of both dam breed
(P=0.004; s.e. 0.18) and sire-breed
0.0
(P<0.001; s.e 0.25) (Figure 1) with the
Her
Ang
Ang
Her
Lim
predicted mean yield being 4.3 and
Dam
Sire
4.9 kg/head/day for the Her and Ang
Figure 1. Dam and sire effects on milk production
dams respectively. The respective
-1
yield for the Ang, Her, Lim and Sim sires was 4.6, 4.0, 4.5 and 5.3 kg/head.day

Sim

The heifers from the Angus dams produced 0.5 kg more milk than those from the Hereford dams, their
productivity being similar to that reported by Sawyer et al. (1994). Whilst lower than the other three
sire breeds, the productivity of the Hereford-sired progeny was higher than that reported by Saul and
Morgan (1994). The Simmental sired heifers produced significantly more milk than those from the
other 3 sire breeds, being similar to that reported by Sawyer et al. (1994) for Simford heifers. Milk
production is an economically important trait as it influences weaning weight (Sawyer et al. 1994).
These results indicate that significant differences exist among the breeds studied, and that potential
exists to increase milk production through the strategic use of crossbreeding programs.
DAWSON, W.M., COOK, A.C., and KNAPE, B.Jnr. (1960). J. Anim. Sci. 19, 502-8
SAUL G.R. and MORGAN, J.H.L. (1994) Anim. Prod. Aust. 20, 30P
SAWYER, G.J., SPEIJERS, R.J., MORRIS, R.J and COUPAR, F.J. (1994) Anim. Prod. Aust. 20, 128.
Email:john.graham@nre.vic.gov.au
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COMPARISON OF TEMPERAMENT SCORE, FLIGHT SPEED AND HEAD WHORLS TO
ASSESS TEMPERAMENT OF WEANER CATTLE
J.F GRAHAM, K.THOMSON and A.J.CLARK
Pastoral and Veterinary Institute, Hamilton, Vic. 3300

Temperament in cattle is becoming increasingly important in quality assurance programs for meat
production, and is associated with tenderness and eating quality (Bindon pers.comm. 2001). Subjective
scoring techniques such as described by Burrow et al. (1991) are being used to describe/measure
temperament. An objective measure such as flight speed, as described by Burrow et al. (1997), has
also shown to be an accurate measure of temperament.
Two hundred and six autumn born Angus, Hereford, Limousin and Simmental sired steer and heifer
progeny were scored for temperament three weeks after weaning on 20/1/2000 (S1). This was repeated
on 2/2/2000 (S2), 9/2/2000 (S3), and the steers only on 24/7/2000 (S4). On each occasion three
independent scorers, selected from either A, B, C, D, E, or F, scored the animals whilst being weighed,
using the 5 point scoring system described by Burrow (1991). Flight speed (seconds) of each animal
exiting the scales was also measured using an electronic timer, (T1, T2, T3 and T4, respectively, as
shown in Table 1) (Burrow et al. 1997). Position and type of hair whorl was also recorded (Grandin et
al. 1995). There was a positive correlation between scorers (P<0.001), significant negative correlation
between score and flight time (P<0.001), but no significant relationship between whorl measures and
temperament or flight time (P>0.05). In Table 1, figures in bold indicate the main comparisons.
Table 1 Correlations between scorers, temperament scores and flight time from weighing scales
S1-A S1-B S1-C S2-B S2-C S2-D S3-B S3-C S3-D S4 -C S4-E S4-F AvS1 AvS2 AvS3 AvS4 T 1 T 2
S1-A

T3 T4

1

S1-B

0.84 1

S1-C

0.83 0.91 1

S2-B

0.55 0.54 0.51 1

S2-C

0.56 0.56 0.58 0.86 1

S2-D

0.59 0.58 0.53 0.88 0.84 1

S3-B

0.60 0.59 0.57 0.64 0.63 0.66 1

S3-C

0.58 0.56 0.56 0.67 0.66 0.68 0.90 1

S3-D

0.60 0.58 0.56 0.66 0.61 0.68 0.95 0.91 1

S4-C

0.47 0.50 0.50 0.51 0.56 0.55 0.58 0.58 0.58 1

S4-E

0.50 0.49 0.48 0.47 0.50 0.54 0.51 0.52 0.54 0.84 1

S4-F

0.46 0.48 0.49 0.47 0.50 0.51 0.54 0.57 0.56 0.85 0.84 1

Av S1

0.93 0.97 0.96 0.56 0.59 0.59 0.61 0.59 0.61 0.52 0.51 0.50 1

Av S2

0.59 0.59 0.56 0.96 0.93 0.96 0.67 0.70 0.68 0.56 0.53 0.52 0.61 1

Av S3

0.61 0.59 0.58 0.68 0.65 0.69 0.97 0.96 0.98 0.60 0.54 0.57 0.62 0.70 1

Av S4

0.50 0.52 0.52 0.51 0.55 0.56 0.58 0.59 0.59 0.95 0.94 0.95 0.54 0.57 0.60 1

T1

-0.39 -0.43 -0.46 -0.32 -0.37 -0.33 -0.32 -0.36 -0.34 -0.32 -0.26 -0.24 -0.45 -0.36 -0.35 -0.29 1

T2

-0.36 -0.39 -0.41 -0.42 -0.49 -0.43 -0.41 -0.40 -0.42 -0.40 -0.33 -0.30 -0.41 -0.47 -0.42 -0.36 0.72 1

T3

-0.33 -0.39 -0.40 -0.40 -0.43 -0.42 -0.43 -0.44 -0.45 -0.39 -0.35 -0.32 -0.39 -0.44 -0.45 -0.38 0.55 0.72 1

T4

-0.31 -0.32 -0.34 -0.39 -0.42 -0.41 -0.40 -0.44 -0.43 -0.43 -0.39 -0.43 -0.34 -0.43 -0.44 -0.44 0.45 0.60 0.52 1

These results show a strong correlation between scorers at each scoring time, between average scores,
and between flight speeds. The moderate correlation between flight time and score indicates that flight
speed could be used to assess temperament. Flight speed is an objective measure and has the potential
to be automated, in association with electronic scales.
BURROW, H.M, AND DILLON, R.D. (1997). Aust. J. Exp. Agric. 37, 407-11.
BURROW, H.M. (1991). Proc. Aust. Assoc. Anim. Breed. Genet. 9, 208-11.
GRANDIN, T., DEESING, M.J., STRUTHERS,J.J. AND SWINKER, A.M (1995) Appl. Anim. Behav. Sci. 46,
117-23.
Email:john.graham@nre.vic.gov.au
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IS CROSSBRED PROGENY PERFORMANCE CONSISTENT WITH THEIR SIRE
ESTIMATED BREEDING VALUES (EBVS)?
J.F GRAHAM A, A.J.CLARK A, M.DELAND B and T.HARDY A
A
B

Pastoral and Veterinary Institute, Hamilton, Vic. 3300
Struan Research Centre, Naracoorte, S.A. 5271

Crossbreeding in the southern Australian beef industry has been recognized for some time as being a
tool to increase productivity (Morgan et al. 1992). Selection of sires based on objective measurement
has been refined with the development of BREEDPLAN, with the result that the combined effects of
genetic changes on each beef-producing herd has been estimated at $9,170 per year for the last 30
years (MLA 2002). The relative genetic merit of candidates for selection in breeding programs is now
widely available, with sires having the highest/optimum ranking for the chosen trait/traits usually
being chosen. Currently across-breed evaluation is not available. Assumptions rather than direct
comparisons of a sires estimated breeding value (EBV) are used to compare sires across breeds.
Data was collected from over 2,600 progeny out of Angus and Hereford cows joined to 88 sires; 22
Angus (Ang), Hereford (Her), Limousin (Lim) and Simmental (Sim). The bulls’ EBVs had high
accuracy (75%) and were chosen so that a similar number of bulls per breed were represented in each
percentile band for 400-day growth EBVs (400d EBV). Data was analyzed using residual maximum
likelihood (REML), using age, calf sex, bullbreed, dambreed and sire EBV for the particular trait, to
examine the effect of EBV. Progeny liveweight was predicted for each sire and the correlations
(P<0.001) between the predicted mean liveweights of the progeny of each sire and various growth rate
EBVs for each breed are shown in Table 1 (relevant effects in bold). Apart from the 600-day
liveweight trait (P=0.013), there was no significant interaction between dam breed and sire EBV.
Table 1. The Correlation between the predicted liveweight trait and sire EBVs
Sire breed
Ang
Her
Lim
Sim
Ang
Her
Lim
Sim
Ang
Her
Lim
Sim
Ang
Her
Lim
Sim
Ang
Her
Lim
Sim

Trait
Birth-Weight
Birth-Weight
Birth-Weight
Birth-Weight
Wean-Weight
Wean-Weight
Wean-Weight
Wean-Weight
200d-Weight
200d-Weight
200d-Weight
200d-Weight
400d-Weight
400d-Weight
400d-Weight
400d-Weight
600d-Weight
600d-Weight
600d-Weight
600d-Weight

BirthWt EBV
0.758
0.411
0.382
0.445
0.417
0.566
0.225
0.307
0.538
0.732
0.348
0.230
0.586
0.354
0.450
0.461
0.532
0.509
0.065
0.425

200d EBV
0.423
0.203
0.573
0.241
0.652
0.553
0.403
0.494
0.682
0.738
0.568
0.428
0.851
0.519
0.535
0.440
0.768
0.588
0.430
0.647

400d EBV
0.422
0.284
0.511
0.245
0.611
0.551
0.484
0.527
0.646
0.705
0.583
0.490
0.843
0.593
0.490
0.384
0.750
0.605
0.381
0.611

600d EBV
0.465
0.250
0.378
0.238
0.598
0.605
0.348
0.523
0.636
0.686
0.400
0.466
0.878
0.640
0.371
0.487
0.790
0.716
0.399
0.697

Whilst these preliminary results indicate that the EBV for the respective liveweight trait can be
expected to be a reliable indicator of likely progeny differences regardless of dam breed, there is an
indication that breeds respond differently, with the Angus generally producing the strongest response.
Since these data included only two dam breeds, and these breeds could be considered to be of similar
biological type, a dam of different genotype may give a different response than these two breeds.
MORGAN, J.H.L, CLARK, A.J, AND GRAHAM, J.F. (1992). Anim. Prod. Aust. 19, 17.
MLA (2002). Meat and Livestock Australia, Proc. National Beef Genetics Workshop, Sydney, 4th Dec. 2001
Email: john.graham@nre.vic.gov.au
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FETAL GROWTH CAPACITY INFLUENCES NUTRITIONAL STATUS OF HEREFORD
COWS DURING PREGNANCY
P.L. GREENWOOD A, M. WOLCOTT A, H. HEARNSHAW B, D.W. HENNESSY B, S.G MORRIS C and
G.S. HARPER D
Cooperative Research Centre for Cattle and Beef Quality, University of New England, Armidale, NSW 2351
A
NSW Agriculture Beef Industry Centre Armidale, 2351
B
Agricultural Research and Advisory Station, Grafton, 2460
C
Agricultural Institute, Wollongbar, 2477
D
CSIRO Livestock Industries, Long Pocket Laboratories, Indooroopilly, Qld 4068

The capacity of cows to lactate and successfully reproduce is dependent upon their nutritional status
which, in turn, is determined by factors influencing their liveweight, and fat and protein stores. This
paper reports effects on the nutritional status of well- or poorly-nourished pregnant cows sired by bulls
with high capacity for growth of muscle or intramuscular fat.
Primiparous and multiparous Hereford cows were mated to Piedmontese or Wagyu sires by artificial
insemination or naturally. At ~100 d gestation the 307 pregnant cows were placed onto low (native) or
high (improved temperate, irrigated) quality pasture. Cows were weighed, condition scored and realtime ultrasound scanned to measure rump, rib and intramuscular (IMF) fatness and eye muscle area
(EMA) just prior to commencing their nutritional treatment (February 2001) and again just prior to
commencement of the calving period (July 2001).
Cow nutrition and parity significantly influenced each measurement and there were nutrition × parity
interactions on all variables apart from IMF and EMA. Cows with male fetuses lost more eye muscle
mass and condition than those with females fetuses. Liveweight during late pregnancy was also
influenced by more complex interactions including those with sex and sire-breed of the fetus.
∆) in liveweight (LW), condition score (CS), and rump fat depth, rib fat depth,
Table 1. Average changes (∆
intramuscular fat (IMF), and eye muscle area (EMA) measured by real-time ultrasound scanning, of cows
from early (February 2001) to late (July 2001) pregnancy as affected by sire breed, fetal sex, and parity
and nutrition of dam from ~100 days of pregnancy.
∆ LW
kg
14.7
16.7

∆ CS

Female fetus
Male fetus

-0.5
-0.5

∆ Rump Fat
mm
-3.7
-3.3

∆ Rib Fat
mm
3.2
3.7

∆ IMF
%
0.0
0.1

∆ EMA
cm2
-0.5
-1.4

16.5
14.9

-0.4
-0.6

-3.3
-3.7

3.7
3.3

0.0
0.1

0.0
-1.9

Primiparous cows
Multiparous cows

31.0
0.4

-0.6
-0.4

-1.0
-5.9

2.3
4.6

0.4
-0.3

-2.0
0.1

Low cow nutrition
High cow nutrition

-27.4
58.8

-1.3
0.3

-5.7
-1.2

0.6
6.3

-0.5
0.6

-10.2
8.3

9.8
N, P, NxP,SxPxB
NxPxB

0.2
N,P,S
NxP

1.5
N,P
NxP

1.3
N,P
NxP

0.5
N,P

2.6
N,P,S

Wagyu-sired fetus
Piedmontese-sired fetus

SED
Effects1
1

Effects (P < 0.05) on changes in LW, CS or scanned measurements from early to late pregnancy: N = pregnant cow
nutrition; P = parity; S = sex of fetus; B = sire breed of fetus.

The results demonstrate that cow parity and the nutritional regimens imposed had marked effects on
the nutritional status of the cows. The effect of fetal sex on EMA suggests that muscle mass is more
sensitive to differences in fetal requirements for nutrients than is mass of fat, consistent with the major
substrates for fetal growth being glucose and amino acids. The results also demonstrate a redistribution
of fat as pregnancy proceeds. They will provide insight into the complex interactions affecting cow
nutritional status as pregnancy proceeds and, therefore, into subsequent lactational and reproductive
performance.
Email: paul.greenwood@agric.nsw.gov.au
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NUTRITION OF HEREFORD COWS FROM ~100 DAYS OF GESTATION TO NEAR TERM
INFLUENCES BODY AND CARCASS CHARACTERISTICS OF PIEDMONTESE AND
WAGYU SIRED NEWBORN CALVES
P.L. GREENWOOD A, K. NEWBY B, H. HEARNSHAW B, D.W. HENNESSY B, J.M.THOMPSON C and
G.S. HARPER D
Cooperative Research Centre for Cattle and Beef Quality, University of New England, Armidale, NSW 2351
A
NSW Agriculture Beef Industry Centre, University of New England, Armidale, NSW 2351
B
NSW Agriculture Research and Advisory Station, Grafton, NSW 2460
C
University of New England, Armidale, NSW 2351
D
CSIRO Livestock Industries, Long Pocket Laboratories, Indooroopilly, Qld 4068

The objective of this study was to investigate body and carcass composition of newborn calves with
high potential for muscle growth (Piedmontese × Hereford) and marbling (Wagyu × Hereford)
following divergent prenatal nutrition, as part of studies aimed at elucidating the cellular basis and
regulation of growth and development of carcass tissues.
Female calves (n = 16) with birth weights representative of those born to Hereford cows nourished on
poor (Low) or high (High) quality pasture from ~100d pregnancy to near parturition and sired by
Piedmontese (PxH calves) or Wagyu (WxH calves) bulls were selected for slaughter within 24 h of
birth. Organs and selected muscles and body tissues were dissected out and weighed, empty body
weights (EBW) determined, and standard carcasses prepared and weighed.
Overall, the PxH calves had a higher dressing percentage (carcass,%EBW) than the WxH calves, and
tended to have less organ mass on an EBW specific-basis. There was a significant influence of
nutrition on the proportion of hide in the body, and GxN interactions for dressing percentage and hide
and abdominal fat percentages were evident.
Table 1. Characteristics of newborn female calves born to Hereford cows (n=16) nourished on poor (Low)
or high (High) quality pasture from ~100 d of pregnancy to parturition and sired by Piedmontese (PxH
calves) or Wagyu (WxH calves) bulls. Values in parentheses are SD.
Item
EBW2, kg
Carcass, kg
Carcass,% EBW
Organs,%EBW
Hide, %EBW
Semitendinosus, %EBW
Semitendinosus, %CW3
L dorsi (lumbar), %EBW
L dorsi (lumbar), %CW
Abdominal fat4, %EBW
1

PxH Low
(n=4)
26.7 (4.1)
15.6 (2.8)
58.0 (2.7)
9.9 (0.5)
9.5 (0.7)
0.41 (0.01)
0.71 (0.03)
0.32 (0.10)
0.55 (0.15)
0.51 (0.14)

PxH High
(n=4)
39.0 (6.2)
24.0 (4.4)
61.4 (1.4)
9.2 (0.1)
10.2 (0.4)
0.40 (0.06)
0.65 (0.11)
0.38 (0.03)
0.62 (0.06)
0.44 (0.13)

WxH Low
(n=4)
25.7 (3.6)
15.0 (2.4)
58.3 (1.2)
10.0 (0.6)
9.0 (0.1)
0.37 (0.06)
0.64 (0.10)
0.32 (0.03)
0.55 (0.06)
0.44 (0.13)

WxH High
(n=4)
30.7 (1.1)
17.1 (0.7)
55.8 (1.3)
10.2 (1.0)
10.9 (0.4)
0.36 (0.01)
0.65 (0.01)
0.34 (0.09)
0.60 (0.15)
0.64 (0.04)

Significant
Effects1
n.a.5
n.a.
G,GxN
G*
N,GxN
GxN

Effects (P < 0.05, *P < 0.10) on relative weights (%CW or %EBW) of carcass or tissues as determined by
ANOVA including GxN: G = genotype, N = pregnant cow nutrition; 2 Empty body weight; 3 Carcass weight;
4
Abdominal plus kidney fat; 5n.a. = not applicable

This study confirms previous findings (Greenwood et al. 2001) that PxH newborn calves have a
greater proportion of carcass tissues at birth than WxH newborn calves. However, differences in
pregnant cow nutritional regimens and/or newborn body weights appear to have affected distribution
of body components between the genotypic groups compared to the previous study. In particular,
differences in relative weights of muscles between genotypes were less evident in the present study.
GREENWOOD, P.L., HEARNSHAW, H., HENNESSY, D.W., THOMPSON, J.M. and HARPER, G.S. (2001).
Proc. Assoc. Advmt. Anim. Breed. Genet. 14, 473-6.
Email:paul.greenwood@agric.nsw.gov.au
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MATING EWE LAMBS
K.L.GROVES and L.J.CUMMINS
Dept of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton, Vic 3300

Mating of ewe lambs has not been a widely adopted practice by prime lamb producers in Australia,
although Godlee and Scarlett (1968) and Dyrmundsson (1973) indicated that the practice can be
successful. Cost pressures and recognition of the possible genetic consequences of the traditional
system are forcing consideration of a change in maternal aspects of prime lamb production systems.
Earlier mating is an option for producers who wish to rear their own ewes, or want to reduce the outlay
for replacement ewes.
Thirteen prime lamb producers in South Western Victoria, who had experience with mating ewe
lambs, answered a detailed written survey. These farmers mated their ewes in January to March, the
average lambing percentage in 2001 for their adult ewes was 130% (range 110 – 170) and the
expected main flush of lambing occurred five months after the start of joining.
In 2001, nine producers joined flocks of 70 to 1600 ewe lambs at seven months of age. Eight
producers considered that mating ewe lambs at seven months of age was a useful strategy, two
generally mated a little later at 9 – 10 months and three felt it was not a successful and or a beneficial
practice. The average lambing percentage for ewe lambs was 72% (range 32 – 102). These figures
were in line with the owners’ expectations. Note that the producer with 32% felt it was still a useful
strategy to mate ewe lambs. For three producers, the ewe lambs started lambing on the due date but for
the remaining six, there was a delay of up to month for the peak of lambing. Of four producers who
did not join ewe lambs in 2001, three expected that based on past experience, the start of lambing
would be delayed by up to a month.
There was general agreement that the twinning rate and birth weights were lower and lamb mortality
was higher in ewe lambs compared with the older ewes. The ewe lambs did not require more
assistance at birth, although often additional care was taken in the selection of sires. Ewe mortality
was similar to that in the adult ewes. Only four respondents felt the lambs grew out as well as those
from adult ewes. Eight felt that with particular attention to feeding lambs would grow out
successfully, while one producer stated that they would remain undersize for life.
Four respondents felt that the ewes were penalised by this early pregnancy and would not conceive as
well as expected during the following joining period. The remaining nine felt that there was no
penalty and the ewes performed very satisfactorily in later years. All the producers suggested that if a
ewe lambing system was to be successful, then extra management inputs were required. These
included better nutrition from weaning until the end of joining. Target weights, ranging from 38 to 50
kg at mating were suggested and strategies varied from drafting the heavier lambs for mating, to
mating them all. Most producers were careful about management during pregnancy with ultrasound
scanning and better nutrition for pregnant/twinning ewes, monitoring of worm egg counts and use of
capsules for worm control being common. Three producers reported foetal loss due to Campylobacter
infection.
A better definition of nutritional targets for ewe lambs is needed and these are likely to be genotype
dependant (Cummins et al. 2001). Interactions between nutrition, daylength, age and the ram effect
are likely to affect conception. More carefully controlled nutrition during pregnancy may allow an
increase in birth weight and lamb survival without increasing the incidence of dystocia.
We acknowledge helpful discussion and encouragement provided by John Keiller.
CUMMINS, L. AND FOGARTY,N. (2001). 5th Int. Sheep Veterinary Congr. Abstract, 335.
DYRMUNDSSON, O.R. (1973). Anim. Breeding Abstracts 41, 273-84.
GODLEE, A.C. AND SCARLETT, E.C. (1968). Agric. Gazette of N.S.W. 79, 180.
Email: kerrie.groves@nre.vic.gov.au
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AN ANNUAL PASTURE DATABASE FOR IRRIGATED DAIRY FARMS IN SOUTHERN
AUSTRALIA
J.W. HEARD, S.M. LYTTLE, P.T. DOYLE and C.R. STOCKDALE
Dept. Natural Resources and Environment, AV-Kyabram, 120 Cooma Rd, Kyabram 3620.

Annual pastures are grown to alleviate autumn and winter feed shortages in the irrigated dairying
region of northern Victoria and to make better use of limited irrigation water. In a survey of 170 farms
in this area, Armstrong et al. (1998) showed that 67% of an average farm of 81 ha was sown to
perennial pasture and 26% was sown to annual pastures. Annual pastures are typically comprised of
subterranean clover (Trifolium subterraneum) or Persian clover (Trifolium resupinatum), and annual
ryegrass (Lolium rigidum).
The reported benefits of irrigated annual pastures on dairy farms in northern Victoria include more
total growth over winter and generally superior nutritive quality of annual pastures compared with
perennial pastures over the annual pasture growing period (March – October). They have a higher
water use efficiency because of better use of effective rainfall in the winter months and lower
evaporation demand in summer when they are not growing. Annual pastures can be a valuable
complement to perennial pastures because of the pattern of feed supply, which allows dairy farmers to
take advantage of winter price incentives and improve herd nutrition at key times throughout lactation.
The difficulty in providing an estimation of the nutritive characteristics of annual pastures for farmers
has led to the development of an annual pasture database, similar to that described by Cohen and
Doyle (2000) for perennial pastures. The database assists farmers estimate the metabolisable energy
(ME), crude protein (CP) and neutral detergent fibre (NDF) of annual pastures consumed by grazing
dairy cows. The database collates all existing data collected from research conducted as part of the
Department of Natural Resources and Environment’s dairy program, using standardised
methodologies, and will capture new data as they become available. Currently there are 170 data sets
across the months of March – December inclusive. A summary of existing information is presented in
Table 1.
Table 1. Characteristics of annual pastures in the northern irrigation region of Victoria between March
and August, and September (Sept) to December (Dec).
Annual pastures
Mass (t DM/ha)
Rising plate meter height (cm)
Clover (% DM)
Annual ryegrass (% DM)
Dead (% DM)
Weed (% DM)
Other Grasses (% DM)
In vitro DM Digestibility (% DM) to ground level
Estimated ME consumed (MJ/kg DM)
Estimated CP consumed (% DM)
Estimated NDF consumed (% DM)

March – August
Average ± std dev.
4.0 ± 1.83
9.6 ± 4.23
55 ± 27.9
21 ± 19.7
10 ± 13.1
9 ± 12.8
5 ± 10.6
73.3 ± 4.16
11.1 ± 0.66
22.6 ± 4.38
33.9 ± 4.84

Range
1.4 – 9.0
3.2 – 19.4
10 - 100
0 – 65
0 – 41
0 – 61
0 – 54
63.5 – 80.1
9.7 – 12.5
15.6 – 31.8
24.6 – 46.5

Sept.– Dec.
Average ± SD
5.5 ± 1.42
17.3 ± 13.05
62 ± 29.3
15 ± 18.6
13 ± 11.6
3 ± 4.4
6 ± 17.7
70.7 ±5.56
10.8 ± 1.01
19.7 ± 4.98
33.5 ± 7.11

Range
3.0 – 10.0
3.7 – 69.2
6 – 100
0 – 65
0 – 40
0 – 21
0 – 94
58.1 – 80.2
8.7 – 12.8
11.1 – 29.0
20.6 – 49.1

In Table 1, selection differentials have been applied to estimate the nutritive characteristics (ME, CP
and NDF) of the diet consumed by cows. Results generated from the database can be used in
nutritional models which consider whether grazing dairy cows are consuming sufficient energy,
protein and fibre for a given level of milk production, subsequently allowing for more informed
decision making on feeding management. This database will be continually updated as further data is
collected.
ARMSTRONG, D.P., KNEE, J.E., DOYLE, P.T., PRITCHARD, K.E., and GYLES, O.A. (2000). Aust. J. Exp.
Agric. 40, 643-53.
COHEN,D.C. and DOYLE,P.T. (2000). Asian-Aust. J. Anim. Sci.13 (Vol. A), 61.
Email: janna.heard@nre.vic.gov.au
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GESTATION LENGTH IS INFLUENCED BY SIRE BREED, PARITY AND SEX OF
CALVES, BUT NOT BY NUTRITION FROM ~100 DAYS OF GESTATION
H.HEARNSHAW A, P.L.GREENWOOD B, D.W.HENNESSY A and S.MORRIS C
Cooperative Research Centre (CRC) for Cattle and Beef Quality, Armidale, NSW 2351
A
NSW Agriculture Research and Advisory Station, Grafton, NSW 2460
B
NSW Agriculture, Beef Industry Centre, University of New England, Armidale, NSW 2351
C
NSW Agriculture, Agricultural Research Institute, Wollongbar, NSW, 2477

Lean meat yield and marbling are two important economic traits being evaluated in a study which
aims at understanding influences of early-life nutrition and genotype on growth and development of
muscle and fat cells. Calves for this study were bred from Piedmontese (P) and Wagyu (W) sires to
obtain maximum numbers of live calves with extremes in birth weight. This paper reports effects of
nutrition in utero, fetal sex, sire breed and cow parity on gestation length, and calving and birth traits.
Primiparous (Pp) and multiparous (Mp) Hereford cows were artificially inseminated (AI) then
paddock mated to P and W sires. At ~100 d gestation, 300 pregnant cows (192 pregnant to AI) were
placed on low (native subtropical) or high (improved temperate) quality pasture for the remainder of
pregnancy. At calving, genotype, sex, birth weight, skeletal size and calving difficulty were recorded.
Gestation lengths were determined for AI progeny only.
Gestation lengths for P-sired calves were 3.9 days longer than for W- sired calves; and 2.4 days longer
for Mp cows than for Pp cows. However, gestation length was not affected by quality of pasture
grazed by cows from about 100 days of pregnancy. An interaction between fetal sex and cow parity
was also evident. In general, longer gestation length was associated with heavier birth weights, greater
skeletal measurements, and increased calving difficulty and neonatal deaths (Table 1).
Table 1. Gestation length, and associated calving and birth traits, as affected by sire breed, fetal sex,
parity and dam nutrition from ~100 days of pregnancy (standard error of the mean in parentheses).
Effects

Gestation
(days)
281.9 (.6)
285.8 (.6)
283.2 (.7)
284.5 (.6)
283.9 (.9)
281.3 (1)
284.7 (.9)
285.4 (.9)
B, P, SxP

Difficulty
(%)
13
40
25
27
48
35
11
2

Neonatal
deaths (%)
8
19
12
15
16
24
6
11

Birth weight Birth Length
(kg)
(mm)
Wagyu-sired fetus
29.8 (.4)
664 (3.6)
Piedmontese-sired fetus
35.6 (.4)
697 (3.4)
Low cow nutrition
30.4 (.5)
664 (3.7)
High cow nutrition
35.0 (.4)
697 (3.3)
Male calves from primiparous
32.2 (.6)
679 (4.8)
Female calves from primiparous
29.8 (.7)
656 (5.5)
Male calves from multiparous
36.4 (.6)
703 (4.8)
Female calves from multiparous
32.5 (.6)
684 (5.2)
Significant effects1
S, N, P, B,
S, N, P, B,
NxB, NxS
SxNxB
1
Effects (P < 0.05): B = sire breed of fetus; P = parity; S = sex of fetus; N = in utero nutrition of fetus.

Height
(mm)
680 (3)
710 (3)
681 (3)
709 (3)
692 (4)
677 (5)
714 (4)
694 (4)
S, N, P,
B,

These results confirm our previous findings (Hearnshaw et al. 2001) that P-sired calves have longer
gestation lengths than W-sired calves. The gestation length for W-crosses reported here and
previously is shorter than the 287 days presented by Deland et al. (2001). Our results also demonstrate
that gestation length is shorter in primiparous than in multiparous females, a result similar to Deland
et al., (2001). An interaction between fetal sex and cow parity was also evident, with differences in
gestation length for calf sex in Pp females being greater than for Mp females. In our previous study
(Hearnshaw et al. 2001) sex of calf did not affect gestation length.
DELAND, M.P.B., ROSS, R.A., ABRAHAM, E.A. and PITCHFORD, W.S. (2001) Proc. Assoc. Advmt. Anim.
Breed. Genet. 14, 333-6.
HEARNSHAW, H., HENNESSY, D.W., GREENWOOD, P.L., HARPER, G.S. and MORRIS, S. (2001). Proc.
Assoc. Advmt. . Anim Breed. Genet. 14, 337-40.
Email: helen.hearnshaw@agric.nsw.gov.au
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PREDICTION OF BEEF CARCASS COMPOSITION USING COMMERCIAL RETAIL
YIELD, DISSECTION OF MAJOR PRIMAL CUTS, CAT-SCAN AND PROXIMATE
ANALYSES
H.HEARNSHAW A, P.L. GREENWOOD B and D.W.HENNESSY A
Cooperative Research Centre for Cattle and Beef Quality (Beef CRC), Armidale, NSW 2351
A
NSW Agriculture Research and Advisory Station, Grafton, NSW 2460
B
NSW Agriculture, Beef Industry Centre, University of New England, Armidale, NSW 2351

To study the influences of early-life nutrition and genotype on growth and body composition, an
accurate assessment of the carcass composition from birth to market weight is required. To achieve
this without the high cost of foregoing returns from sale of carcasses, and to avoid extremely high
labour inputs required to prepare carcasses for measurement of proximate composition, we are
investigating methods to accurately predict carcass lean, fat, bone and proximate composition using
commercial boning and computerised axial tomography (CAT) scanning. Specifically we want to
identify the primal cut(s) that best predict the composition of the carcass. This paper presents
preliminary data for the dissection of primal cuts and commercial retail yield.
Cattle were slaughtered at ~8 months of age, ranging from 160 to 306 kg liveweight, 71 to 160 kg
carcass weight with 1-11 mm P8 fat. They comprised 13 steers and 11 heifers, from Hereford or
Hereford-cross dams, and sired by Piedmontese (P), Angus (A) or Wagyu (W) sires (n = 8/sire breed).
Carcasses were assessed by MSA, and one side boned-out commercially to give weight of saleable
meat (sale meat), bone and fat waste. Tails were frozen and will be analysed for bone density using
Dual X-Ray Absorptometry (DEXA). The other chilled half-carcasses were cut into forequarter and
hindquarter, from which five bone-in primal cuts (butt plus rump, short loin, rib set, rump, butt minus
rump) were prepared and CAT-scanned. Cuts were then dissected into soft tissue and bone, and
prepared (ground) for proximate analyses. These analyses will enable relationships to be determined
between lean, bone and fat in individual primal cuts or in combination, and whole side proximate
composition (dry matter, nitrogen or protein, fat and ash).
P-sired carcasses tended to have less subcutaneous fat depth (1.6 vs 1.9, 5.9 mm at P8), lower USDA
marble score (148 vs 172, 176), but greater eye muscle area (55 vs 46, 45 cm2) than W- or A-sired
carcasses respectively. Body composition estimates (%) for meat yield from commercial boning, and
bone and soft tissue from dissections of five primals and the entire side, are summarised in Table 1.
Table 1. Summary of estimates of body composition (%) from commercial boning or dissection of five
primal cuts from one side of 24 weaner carcasses sired by Angus, Piedmontese or Wagyu sires.
Sire breed
Angus

Bone
Sale meat
Fat waste

Piedmontese Bone
Sale meat
Fat Waste
Wagyu

Bone
Sale meat
Fat waste

Commer.
boning
27.4
67.1
5.2

Dissection of primal cut
Butt+Rump Short loin
Rib set
Rump
Bone
19.6
15.3
22.4
18.0
Soft tissue 80.4
84.7
77.6
82.0

25.1
70.2
3.9

Bone
Soft tissue

18.0
82.0

14.4
85.4

20.4
79.6

16.8
83.2

18.3
81.7

21.0
79.0

26.8
68.3
4.3

Bone
Soft tissue

20.3
79.7

16.1
83.9

22.7
77.3

19.3
80.7

20.3
79.7

23.3
76.7

Butt-Rump
19.9
80.1

Carcass
Side
22.3
77.7

Body composition estimates from commercial boning, dissection and CAT-scans indicated that Psired carcasses had less bone and fat, and more lean, soft tissue content or saleable meat yield than
either A- or W-sired carcasses. Detailed comparisons of these results with the CAT-scans and
proximate analyses will be used to determine the most effective primal(s) to accurately assess body
composition of cattle with diverse muscle and fat characteristics.
Email: helen.hearnshaw@agric.nsw.gov.au
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ESTIMATING DELIVERY RATES OF INTRA-RUMINAL CONTROLLED RELEASE
DEVICES USING FAECAL EXCRETION CURVES
R.E. HENDRICKSEN A, M. M. REICH A, R.F. ROBERTON B, C. GAZZOLA A and R.A. HILL A
A
B

Queensland Beef Industry Institute, Department of Primary Industries, Rockhampton, Qld 4702
Queensland Beef Industry Institute, Brian Pastures Research Station, Gayndah, Qld 4625

Intra-ruminal controlled release devices (CRDs) are plastic winged capsules containing an active
ingredient which is slowly extruded by a spring-loaded plunger. They were originally developed to
administer anthelmintics to ruminants at a known and constant rate. More recently the technology has
been used to administer mineral markers (Parker, 1990), as well as n-alkanes (Dove et al. 1991) to
ruminants in order to estimate faecal output. This method of marker administration minimises the
labour requirement and animal disturbance associated with daily marker dosing.
The CRD delivery rate used in calculations is usually determined by the manufacturer on a batch subsample utilising plunger travel and matrix ingredient concentration following a period suspended in
the rumen of test steers. If rumen-fistulated animals are not available then plunger displacement and a
delivery rate estimate can only be calculated following slaughter and CRD recovery.
The study reported here formed part of an experiment to measure the effectiveness of n-alkane dosing
methods to estimate feed intake. Two Brahman cross-bred steers, (286 kg and 212 kg) were fed a
chopped buffel-grass hay ad libitum in individual partially covered pens. Each steer was dosed with
an n-alkane CRD (Captec Ltd, Auckland, New Zealand) designed for animals 100-300 kg liveweight.
Each capsule contained 4g n-dotriacontane (C32) and 4g of n-hexatriacontane (C36) and was designed
to release 200 mg of both n-alkanes each day.

C32

300

Faecal alkane excretion (mg/d)

Faecal alkane excretion (mg/d)

Total faeces were collected manually from the pen floor at 0800 h each day for 20 d, mixed, weighed
and sub-sampled. Sub-samples were dried at 60°C for 48 h to determine DM content, ground in a ring
mill and n-alkane composition determined using gas chromatography. Daily faecal DM output and
C32 and C36 concentrations were used to estimate daily excretion (mg) of C32 and C36. A logistic
curve was fitted to the daily marker output data, and this (mean ± s.e.) is presented in Figure 1.
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Figure 1. Average daily faecal excretion of C32 and C36 for steers fed a buffel grass hay

Estimates determined in this way show a capsule delivery rate (mean ± s.e.) of 209 ± 8.5 mg/d C32
and 215 ± 7 mg/d C36, after correction for alkane contributions from the hay which provided 54 ± 7
mg/d of C32 but no C36. In this instance, the data indicate release rates marginally, but consistently
higher than those estimated by the manufacturer (200 mg/d) which would have contributed to errors in
intake estimation. The approach used here provides a useful method for estimating CRD delivery rate
for a particular feeding situation.
DOVE,H., MAYES, R.W., LAMB, C.S.and ELLIS, K.J. (1991). Proc. 3rd Int. Symp. Nutr. Herbivores p 82.
PARKER, W.J. (1990) Ph.D Thesis. Massey University, NZ.
Email: ron.hendricksen@dpi.qld.gov.au
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THE EFFECTS OF LOW OR HIGH QUALITY PASTURES ON THE LIVE WEIGHT OF
COWS AT CALVING AND ON THE BIRTH WEIGHT OF CALVES SIRED BY WAGYU OR
PIEDMONTESE
D.W.HENNESSY A, H.HEARNSHAW A, P.L.GREENWOOD B, G.S.HARPER C and S.G.MORRISD
Co-operative Research Centre for Cattle and Beef Quality, A NSW Agric. Agricultural Research and Advisory
Station, Grafton, 2460, B NSW Agric. Beef Industry Centre, Armidale, 2351, C CSIRO Livestock Industries,
Indooroopilly, 4068, D NSW Agric. Agricultural Institute, Wollongbar, 2477.

This paper outlines the effects of a low and a high plane of nutrition during gestation on cow live
weight at calving and on calf birth weight, as well as the interactive effect of calf genotype on cow and
calf birth weights. The objective was especially to reduce foetal growth below that expected in
adequately nourished cows. This study is part of an experiment aimed at understanding of the effects
of nutrient supply on growth rates of progeny at specific phases of their life and the subsequent effects
on pattern of development of muscle, fat, and carcass.

600

A

550

Cow liveweight (kg)

Cow liveweight (kg)

From November 1999 to January 2000, 360 Hereford females were mated to selected lines of Wagyu
or Piedmontese sires. Pregnant cows were allocated according to dam age and sire of foetus to 9
replications of 32 head. Four reps were allocated randomly to low and 5 to high quality pastures in
early February. The low quality pastures consisted of grasses whose growth phase had been completed
by February and which declined in quality until August when calving commenced. Cows then grazed
other pastures slightly higher in yield and quality. Cows on the high plane of nutrition grazed on
kikuyu/Rhodes grass pastures from February until mid May when they were given access to highly
productive ryegrass pastures. For each 28 days, these cows spent 21 days on ryegrass and 7 on
kikuyu/Rhodes grass until calving commenced in August. During the calving period (3 months), high
cows were confined to ryegrass pastures. The mean live weights of the cows (C) and heifers (H)
grazing the low (L) and high (H) quality pastures during the final 180 days in utero nutrition treatment
period are indicated below, according to the calf genotype (W, Wagyu; P, Piedmontese; Figure 1A),
and calf sex (F, female; S, steer; Figure 1B).
Feb weight
July weight

500
450
400
350

B

525
475
425
375
325

WHF WLF WHS WLS PHF

WCH WCL WHH WHL PCH PCL PHH PHL

PLF

PHS

PLS

Figure 1 A. Cow and heifer live weight by calf genotype B. Cow live weight at calving according to calf sex

There were no interactions between the main terms for cow/heifer weight at calving, the high groups
being heavier than the low (493 v 368 kg) and cows heavier than heifers. However, dams with a Wfoetus were heavier than dams with a P-foetus (438 v 423 kg). There were significant main effects of
nutrition (N), sire breed (B), parity (Py) and calf sex on calf liveweight at birth and the interactions
NxPy and NxS were significant. Birth weights, according to NxPyxB, are presented in Table 1. Low
nutrition in utero reduced the birth weight of calves (P<0.05), except for W- cross calves from cows.
Table 1 Calf birthweights (kg) 2001 according to dam nutrition, parity and sire breed (sed = 1.68)
Cow:

Wagyu
32.6

High nutrition
Pied
Heifer:
39.2

Wagyu
30.2

Pied
37.8

Cow:

Wagyu
30.9

Low nutrition
Pied
Heifer:
34.9

Wagyu
25.3

Pied
30.5

Imposing nutritional differences at grazing on cows and heifers reduced their liveweight at calving
when the period was restricted to about the last 180 days of gestation. Steer foetuses reduced cow
liveweight at calving, as did P-sired foetuses, especially of Low cows and heifers. The declining
quality in Low pastures was particularly evident in cow liveweight in the last 60 days of the
experimental period, necessitating removal of the cows. The objective in reducing cow liveweight at
calving was to reduce growth and development of the foetus in utero and ultimately birth weight of the
calf. This was achieved for all calves except for Wagyu cross calves from cows.
Email: david.hennessy@agric.nsw.gov.au
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VARIABILITY IN NUTRITIVE VALUE ALLOWS BETTER SELECTION OF PERENNIAL
PASTURE LEGUMES
D.A. HENRY A, G. MOORE B and R.A. DYNES A
A
B

CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913, Australia.
Department of Agriculture, WA, Locked Bag 4, Bentley Delivery Centre WA 6983, Australia.

The major criteria for selection of improved forage varieties for ruminants have been to optimize yield
and digestibility along with the need to minimise disease susceptibility and maintain other agronomic
traits (Beever 1993). Relatively little regard has been given to the deliberate selection and breeding of
plants for other components of feeding value for ruminants. Feed quality (digestibility, protein and
fibre content) and presence of anti-nutritional factors are major determinants of animal performance
and grazing preference. It is important to ensure that new releases of pasture legumes have desirable
feed qualities and do not contain compounds that cause illness or taint animal products, eg. coumerins,
tannins and cyanogens. This study aims to characterise a diverse range of alternative perennial pasture
legumes for quality and anti-nutritional characters and to demonstrate the variation that exists within
and between these plant species with a view for exploitation through selection and breeding.
Whole plants were sampled from the Department of Agriculture (WA) Perennial Pasture Legume
Breeding Program at Medina, 30kms south of Perth. Representative samples were taken from
approximately 100 accessions, ranging across 27 species, in June and October 2000. Samples were
analysed for in vitro dry matter digestibility (IVDMD), crude protein (CP), and tannin content.
There was substantial variation between and within species in all quality traits (Table 1). Many of the
accessions (eg Trifolium spp) had very low levels of tannin while some (eg Dorycnium) had very high
levels that would be likely to result in reduced intake and digestibility by ruminants (above 6% total
tannin). The ranking of accessions did not remain consistent at both harvest dates, and hence the
selection of superior genotypes may be complicated; it will be necessary to assess them at strategic
times throughout the year. Correlations between different traits were only weak when present, and
hence selection for progress in one trait may not ensure progress in another.
Table 1. Average (and range) in in vitro dry matter digestibility (IVDMD), crude protein (CP) and total
tannin content of some alternative perennial pasture legumes harvested in June and October 2000.
Species name

Common name

Dorycnium hirsutum

Hairy canary clover

Hedysarum coronarium

Sulla

Lotus corniculatus

Birdsfoot trefoil

Lotus tenuis

Narrow-leaf trefoil

Melilotus officinalis

Yellow sweet clover

Trifolium fragiferum

Strawberry clover

Trifolium hybridum

Alsike clover

IVDMD
(%)
52.3
(47 – 55)
69.8
(65 – 74)
67.1
(50 – 75)
72.8
(67 – 77)
72.9
(69 – 76)
74.9
(72 – 79)
77.8
(74 – 82)

June
CP
(%)
12.9
(11 – 14)
17.3
(17 – 18)
15.7
(7 – 20)
17.5
(12 – 20)
14.5
(11 – 17)
21.7
(19 – 25)
18.8
(15 – 21)

October
Tannin
Content (%)
3.87
(1.8 – 6.7)
3.02
(1.3 – 4.7)
1.80
(0a – 6.1)
0.26
(0a - 0.7)
0.07
(0.02 – 0.15)
0.15
(0.05 – 0.25)
0.08
(0.05 – 0.11)

IVDMD
(%)
55.4
(49 – 61)
68.7
(66 – 70)
66.7
(51 – 77)
69.4
(55 – 77)
75.8
(74 – 79)
76.2
(75 – 78)
75.5
(76 – 80)

CP
(%)
13.6
(6 – 19)
15.3
(13 – 18)
16.5
(6 – 21)
18.1
(11 – 24)
19.6
(7 – 29)
17.9
(17 – 19)
19.4
(12 – 27)

a

Tannin content undetectable (less than approx 0.01 %).

There is substantial variation in the nutritive value of perennial legumes that could be exploited
through strategic selection and breeding. Rapid, inexpensive screening techniques such as near
infrared reflectance spectroscopy (NIRS) are now being developed that will greatly enhance our ability
to screen genotypes earlier in the breeding program.
BEEVER,D.E. (1993). Proc. XVII Int. Grassld Congr., New Zealand. p. 535-42.
Email: dave.henry@csiro.au
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IGF1 IS ASSOCIATED WITH GENETIC VARIATION IN KEY PRODUCTION TRAITS IN
YOUNG ANGUS CATTLE
R.M. HERD A, P.F. ARTHUR B, J.A. ARCHER B and D.J. JOHNSTON C
The Cooperative Research Centre for Cattle and Beef Quality
A
NSW Agriculture, Beef Industry Centre, University of New England, Armidale, NSW 2351
B
NSW Agriculture, Agricultural Research Centre, Trangie, NSW 2823
C
Animal Genetics and Breeding Unit, University of New England, Armidale, NSW 2351

Recent results show circulating levels of insulin-like growth factor-1 (IGF1) are genetically associated
with growout and finishing performance of beef cattle and may prove useful as a genetic predictor of
carcase and feed efficiency traits (Johnston et al. 2001). This paper presents evidence for genetic
associations of IGF1 with growth, feed efficiency, fatness and maternal traits in young Angus cattle.
The Angus bull and heifer calves used were born in 1998 and 1999 at the NSW Agricultural Research
Centre, Trangie NSW. Following weaning, individual animal average daily gain (ADG), daily feed
intake (AFI), residual feed intake (RFI) and feed conversion ratio (FCR) were measured over a
standardised 70-day test. At the end of the test subcutaneous fat depth at the 12/13th rib (RIBFAT) and
P8 rump (RUMPFAT) sites were measured ultrasonically, and blood sample collected from the tail
vein. Plasma was stored frozen and despatched to Primegro Ltd, Adelaide SA, for measurement of
IGF1 by ELISA. Estimated Breeding Values (EBVs) for the above production traits plus the
individual and maternal components of birth weight (BWT and BWT-M), 200-day weight (200WT
and 200WT-M) and 400-day weight (400WT and 400WT-M) were calculated using a best linear
unbiased prediction animal model and genetic parameter estimates reported by Arthur et al. (2001).
Differences between sire progeny groups were taken as evidence for genetic variation in IGF1 and
were determined using a GLM procedure with fixed effects of birth year, sex and sire in the final
model. Covariation in circulating level of IGF1 with genetic variation in production traits, as measured
by EBVs, was determined using a GLM model that included birth year, sex, EBV and EBV-by-sex.
Statistically significant regression coefficients for IGF1 with EBVs were taken as evidence for genetic
association. Only sires with 4 or more progeny were used. The dataset contained records for 353
progeny from 27 sires (mean 12 progeny per sire in a year), with 3 sires having progeny born in both
birth years.
Table 1. Standard deviations of EBVs and regression coefficients for IGF1 with these EBVs for
production characteristics of young Angus bulls and heifers. Units are ng/ml of IGF1 per unit of EBV
ADG
0.07kg/day
-172**

RFI
0.50kg/day
34**

FCR
0.44kg/kg
53***

RIBFAT
0.79mm
16*

RUMPFAT
1.12mm
10*

BWT
2.1kg
-5.4*

BWT-M
0.5kg
-28**

200W
7.8kg
-1.8**

200W-M
3.8kg
-3.7**

* P<0.05; ** P<0.01; *** P<0.001

There were significant (P<0.01) differences between sire progeny LS-means for level of IGF1: from
237±19 (SE) to 341±17 ng/mL (SD of sire means 26 ng/ml). This was evidence for genetic variation
in circulating levels of IGF1. Phenotypic variation in levels of IGF1 was associated with genetic
variation in ADG, RFI, FCR, RIBFAT, RUMPFAT, BWT and BWT-M, 200W and 200W-M (Table
1). Regression coefficients for IGF1 with EBVs for DFI, 400W and 400W-M did not differ from zero
(P>0.05). The direction of the associations were such that selection against IGF1 should lead to
increased growth rate and improved feed efficiency, lower subcutaneous fat thickness and improved
maternal nutrition to the calf before birth (BWT-M) and after birth (200W-M: milk). The actual
genetic correlations with these biological traits should be determined before IGF1 is included in a
selection index for genetic improvement of beef cattle.
ARTHUR, P.F., ARCHER, J.A., JOHNSTON, D.J., HERD, R.M., RICHARDSON, E.C. and PARNELL, P.F.
(2001). J. Anim. Sci. 78, 2805-11.
JOHNSTON, D.J., HERD, R.M., REVERTER, A. and ODDY, V.H. (2001). Proc. Assoc. Adv. Anim. Breed.
Genet. 14, 164-6.
Email: robert.herd@agric.nsw.gov.au
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SLAUGHTER VALUE ESTIMATION OF CATTLE USING X-RAY COMPUTER
TOMOGRAPHY
G. HOLLÓ A, CS. ÁBRAHÁM B, E. SZUCS B, J. TUZSÉR B and I. REPA A
A
B

Inst. of Diagnostic Imaging and Radiation Oncology, University of Kaposvár, Kaposvár H-7400, Hungary
Faculty of Agricultural and Environmental Sciences, Szt. István University, Gödöll , H-2103, Hungary

For a long time cattle-breeders and animal scientists have had a strong desire to find methods for in vivo
estimation of body and/or carcass composition in animals after slaughter without the need for complete
dissection. Recently, various methods (ultrasonic-, NIR-technique, TOBEC) were trialed for this purpose. Their
usefulness in practice and accuracy may differ largely. Digital cross-section imaging techniques such as X-ray
computer tomography (CT) have been applied with success in human medicine for diagnostic purposes for
decades. Hungarian animal scientists have been experimenting with CT technology in the last 12 years. The
results of experiments carried out in species such as swine, sheep, poultry and rabbit reveal that, these in vivo
techniques are suitable to predict body composition with high level of accuracy. Due to the size of adult cattle,
this technique cannot be used for the time being. Despite of such practical limitations, research has been carried
out to find ways of utilising CT technology in cattle. One obvious possibility is to estimate the tissue
composition (tc) of whole carcasses by using CT on representative samples taken from the carcasses. Thus, this
technique might make evaluation and qualification of cattle more objective after slaughter. The relevant
scientific literature (Küchenmeister et al. 1990) indicates that, tc of several cuts may describe the lean meat, fat
and bone content (and percentage) of intact carcasses. Rib samples are identified as the most likely candidates
for predicting whole carcass composition. The aim of this trial was to determine the tc in rib samples by CT
and correlate it with the composition of intact carcasses.
Altogether, 136 slaughter cattle from different breed (Holstein-Friesian, Hungarian Simmental) and sex were
used in the study. After slaughter the right half carcasses were dissected and samples were taken from, between
the 11-13th ribs, tc of these samples were determined by SIEMENS SOMATOM DRG CT equipment.
Subsequently, tissues of the samples were separated by dissection and the chemical composition of tissue
homogenates was determined using conventional procedures. Correlation coefficients were calculated between
slaughter records of whole carcasses and tc of rib samples determined by the above-mentioned procedures.
Based on figures obtained, tc of entire carcasses were estimated using a statistical computer package (SPSS
8.0). Results indicate that, tc of rib samples determined by CT closely correlates with the tc results obtained by
dissection, as well as the results related well with the tc results of the entire carcasses (meat, bone, fat). A close
three-way correlation (r=0.80-0.94) was found between the area, volume, pixel-sum of adipose tissue
determined by CT, and the fat content of rib samples and the percentage of fat in the whole carcasses (Table 1).
Table 1. Relationships (r) between CT-data and tissue composition of carcass as well as rib samples (*P<0.001)

Carcass

Rib sample

Traits
Lean meat (kg)
Fat (kg)
Bone (kg)
Lean meat (g)
Fat (g)
Bone (g)

CT-area (cm2)
Muscle
Fat
Bone
0.68*
0.80*
0.65*
*
0.74
0.85*
0.78*

CT-volume (cm3)
Muscle
Fat
Bone
0.80***
0.82*
0.74*
*
0.92
0.90*
0.86*

Muscle
0.64*

CT-pixel sum
Fat
Bone
0.91*
0.76*

*

0.80

0.94*
0.85*

Estimation of tc of carcasses using equations with included only CT-data, proved to be less reliable prediction
for lean meat and bone content in carcass (R2=0.40-0.61) than for fat content (R2=0.62-0.80). However, when
cold half carcass weights were also included into the equation, the determination coefficient of regression
exceeded R2=0.90. It is concluded that using non-invasive CT-procedure for estimation of tc of entire carcass
might provide good accuracy and could replace the traditional, complicated, time-consuming and expensive
complete dissection technique.
KÜCHENMEISTER, U. LADEGAST, H. and ENDER, K. (1990). Forschrittsb. für die Landwirtsch. Und
Nahrungsgütterwirtsch. 28. 2. Akad. Landwirtsch. Berlin.
Email: Hollo.Gabriella@ct1.atk-u.kaposvar.hu
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DIET INDUCED CHANGES IN ORGAN WEIGHTS AND UNCOUPLING PROTEIN GENE
EXPRESSION IN PIGLETS
J. JIA A, M. EMMERLING B, G.H. MCDOWELL A, B.J. LEURY C AND M. JOIS A
A

Department of Agricultural Sciences, La Trobe University, VIC 3086
Plant Biotechnology Centre, Department of Natural Resources and Environment, VIC 3086
C
Institute of Land and Food Resources, The University of Melbourne, VIC 3010
B

Miller and Payne (1962) reported poor energy efficiency of piglets fed a low protein diet when
compared to piglets fed restricted amounts of a high protein diet. Subsequent studies have established
that the poor efficiency of energy utilization is due to increased metabolic rate of pigs fed low protein
diets. In this study we examined the role of uncoupling proteins (UCPs) and of internal organ mass in
the poor energy efficiency of piglets fed low protein diets. Increased expression of UCPs as well as
increased internal organ mass have been speculated to play important roles in metabolic rate of
animals.
Eight male piglets weighing approximately 6 kg were randomly assigned to one of two groups. The
high protein group was fed a restricted amount of a high protein diet (267 g crude protein / kg DM) to
achieve weight maintenance. The low protein group was fed ad libitum a diet containing 26.5 g crude
protein / kg DM. During the first two weeks faeces was collected for measurement of digestible
energy intake. After three weeks, whole body oxygen consumption by each piglet was determined
before and 1.5 h after feeding. Piglets were killed at the end of week 4 and organ weights measured.
Samples of liver, skeletal muscle, adipose tissue and other tissues were taken for measurement of UCP
mRNA expression. A fragment of approximately 300 base pairs of a pig UCP2 was used as a probe in
Northern blot analyses to measure UCP2 mRNA expression.
Table1. Protein and energy intake, body weight, whole body oxygen consumption and organ weights of
pigs (mean ± SEM) fed high protein and low protein diets
High Protein
Initial live weight, kg
5.93 ± 0.42
Final live weight, kg
6.18 ± 0.42
Feed intake, g/d
138 ± 2.3
Digestible Energy intake, MJ/d
2.08 ± 0.03
Protein intake, g/d
37 ± 0.7
Oxygen consumption before feeding,
ml/min
48 ± 19
Oxygen consumption 1.5 h after
feeding, ml/min
104 ± 20
Organ weights, g (% of final live weight)
Liver
145 ± 8
(2.4 ± 0.07)
Heart
56 ± 5
(0.9 ± 0.09)
Large Intestine
111 ± 19.7
(1.8 ± 0.30)
Small Intestine
231 ± 31.0
(3.8 ± 1.50)
Significant difference between groups are indicated by * P< 0.05; ** P< 0.01

Low Protein
5.95 ± 0.34
7.35 ± 0.32**
260 ± 7.6**
4.43 ± 0.12**
6.9 ± 0.56**
127 ± 49*
213 ± 66*
199 ± 30**
62 ± 6.6
100 ± 19.8
355 ± 84.6*

(2.9
(0.8
(1.3
(4.7

±
±
±
±

0.13)**
0.12)
0.29)
0.51)

Despite a two-fold increase in energy intake, live weights of piglets fed the low protein increased by
only about 1 kg. Piglets fed the low protein diet showed increased oxygen consumption before
feeding as well as 1.5 h after feeding, indicating increased metabolic rate. Liver and small intestine
weights were significantly higher in piglets fed the low protein diet. UCP2 expression in the liver,
spleen and especially adipose tissue of pigs fed the low protein diet was up regulated.
From the results it may be concluded that increased liver mass and increased expression of UCPs are
involved in the regulation of energy efficiency of piglets.
MILLER, D.S. and PAYNE, P.R. (1962). J. Nutr. 78, 255-62.
Email: M.Jois@latrobe.edu.au
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SHORT-TERM CHANGES IN NUTRITION DURING THE PERI-CONCEPTUAL PERIOD OF
THE EWE AFFECT TOTAL CELL NUMBER IN BLASTOCYST
M. A. KAKAR A, S. MADDOCKS A, M. F. LORIMER B, D. O. KLEEMANN C, S. R. RUDIGER C,
K. M. HARTWICH C and S. K. WALKER C
A

Department of Animal Science, The University of Adelaide, Roseworthy Campus, SA 5371
BiometricsSA, The University of Adelaide, Roseworthy Campus, SA 5371;
C
Turretfield Research Centre, SARDI, Rosedale, SA 5350
B

Manipulation of nutrition is used widely to improve pregnancy outcome in livestock. In sheep,
increased dietary intake for a relatively short time will increase the ovulation rate by increasing
gonadotrophin secretion (Downing et al., 1995). However overfeeding can decrease embryo quality in
both sheep and cattle, and it appears that this results from changes primarily at the level of the follicle or
oocyte (Boland et al. 2001). In a recent study examining the effects of short-term nutritional
manipulation around the time of ovulation and conception, we reported that acute changes in nutrition
appeared to influence several parameters including the ratio of trophectoderm and inner cell mass cells
in the blastocyst (Kakar et al. 2001). The current study was conducted to discriminate between changes
to the embryo resulting from nutritional influences during the preovulatory or postovulatory period.
A total of 76 mature ewes (4-5 y.o., 55-81 kg) of comparable body condition were randomly allocated
to one of the six dietary treatments. Feed rations employed provided 1.5 x daily energy needs for
maintenance (H), 1.0 x maintenance (M), or,0.5 x maintenance (L) with energy need calculated using
the Rumnut computer program. Nutritional treatments of HHH, HHL, MLH, MLL, or LLL were
imposed from 18 d before until 6 d after ovulation and mating, with the first treatment being fed for 12
days, and each subsequent treatment being fed for 6 days. All ewes were synchronised, superovulated
and laproscopically inseminated with fresh semen collected and mixed from two fertile rams. Embryos
were collected by midventral laparotomy 6 days after insemination, with number of corpora lutea and
the number and stage of embryo collected per uterine horn recorded. Embryos were differentially
stained to facilitate the counting of the inner cell mass (ICM) and trophectoderm (TE) cells. Results
were analysed using Restricted Maximum Likelihood (REML) calculations. The data was modelled
similar to an ANOVA except that treatment differences were tested using a Wald test.
The number of embryos collected, the number of corpora lutea and the proportion of embryos lost was
not influenced by changes in the diet (Table 1). Body weight was significantly (P<0.05) reduced in
those sheep fed an L ration regardless of whether this treatment occurred before or after mating.
Although no significant differences were found in the number of embryos collected, the total number of
cells that each embryo produced was significantly (P<0.05) reduced for sheep receiving a H ration for
the whole trial period or after mating. A significantly higher (P<0.05) proportion of trophectoderm cells
were found in embryos from sheep fed an L ration after mating.
Table 1. The effect of nutrition (low, medium, high diets) on parameters of body wt., superovulation and on
cell no. in blastocysts collected on Day 6 after ovulation. Values are Mean ± SEM
Change in wt. (kg)
No. corpora lutea
Number embryos
Proportion Embryo Loss
Proportion not blastocyst
Total Cells
(No. of embryo)
Proportion of TE

HHH
1.00 ± 0.61
18.1 ± 2.6
8.3 ± 1.7
0.51 ± 0.07
0.16 ± 0.04
74.1 ± 1.2
(88)
0.72 ± 0.004

MHH
-0.88 ± 0.63
17.8 ± 1.9
10.2 ± 2.1
0.44 ± 0.1
0.24 ± 0.03
71.8± 1.1
(93)
0.72 ± 0.003

MHL
-4.82 ± 0.82
14.8 ± 2.9
7.3 ± 2.4
0.52 ± 0.1
0.16 ± 0.04
85.1±1.9
(80)
0.74 ± 0.005

MLH
-3.30 ± 0.84
13.9 ± 2.7
5.7 ± 1.6
0.51 ± 0.1
0.22 ± 0.05
70.0 ± 1.5
(63)
0.72 ± 0.004

MLL
-5.79 ± 0.77
16.4 ± 1.9
6.5 ± 1.8
0.57 ± 0.1
0.10 ± 0.03
88.0±1.9
(70)
0.76 ± 0.005

LLL
-8.60 ± 1.06
14.3 ± 2.4
7.6 ± 1.5
0.41 ± 0.09
0.12 ± 0.03
86.5±1.4
(88)
0.76 ± 0.003

That embryos produced in animals fed the low nutrition diet had significantly higher cell numbers
suggests that these embryos may have been of better quality than those produced by sheep on higher
nutrient diets. Our overall result suggests that a critical window for nutrition affecting embryonal

survival and quality in ewes could occur in the period immediately after mating.
BOLAND, M.P., LONERGAN, P. and O'CALLAGHAN, D. (2001). Theriogenology 55, 1323-1340.
DOWNING, J.A., JOSSJ, P.C. and SCARAMUZZI, R.J. (1995). J. Reprod. Fert. 103, 137-145.
KAKAR, M.A., MADDOCKS, S. and WALKER, S.K. (2001). Proc. Aust. Soc. Reprod. Biol. 43 Abstr.
Email: azam.kakar@adelaide.edu.au
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CONSTRAINTS ON DAIRY CATTLE PRODUCTION FROM LOCALLY AVAILABLE
FORAGES IN BANGLADESH
M. A. S. KHAN
Department of Dairy Science, Bangladesh Agricultural University, Mymensingh 2202, Bangladesh.

The productivity of indigenous milk-producing animals in Bangladesh is low because of low individual
yield and poor fertility. The resistance to diseases and climatic stress exhibited by a particular breed is an
important overall consideration. It is only when the major constraints to productivity are overcome that
the genetic potential for milk production becomes important (Dargie 1989). Thus, the purpose of this
study was to find out the practical constraints on dairy cattle production using locally available forages
under small holding village conditions of Bangladesh.
The cows of the villagers are used for multipurpose such as draught, dairy and meat. Rice straw is the
main source of feed for the animals. Animals are mainly stall fed. Calves are usually tied up at night and
given free access to their dam during the the day. Sixty seven post partum cows were taken from 65 small
holder farms. Measurements and observations of cows and calves for the period of 10 months were
recorded.
Table 1. Group metabolite means within each season (mean ± SD)
Season
Summer

ß-HB (mmol/L)
0.342
± 0.046

Autumn

-

Winter

0.362
± 0.057
0.292
± 0.035

Spring

Globulin (g/L)
37.0
± 7.39
36.7
± 7.76

35.0
± 5.00

Albumin (g/L)
38.0
± 2.34
33.7
± 2.7
35.0
± 2.74

38.2
± 3.85

Urea (mmol/L)
4.52
± 0.976
7.20
± 0.086
5.46
± 0.931
3.25
± 1.075

Pi (mmol/L)
1.33
± 0.117
1.61
± 0.198
1.42
± 0.094
1.46
± 0.132

Table 2. Reproductive intervals by seasons (days) (mean ± SD and number)
Season
Summer

Autumn

Winter

Spring

Calving to 1st ovulation
66
± 42
7
67
± 25
36
187
± 105
10
51
± 14
9

Calving to 1st service
272
± 147
9
120
± 60
17
191
± 81
17
216
± 38
12

Calving to conception
263
± 148
7
136
± 67
17
197
± 92
17
223
± 38
12

Calving Interval
544
± 162
6
419
± 72
16
489
± 84
15
501
± 39
9

Among the blood metabolites studied a considerable change in urea values were noticed as shown in
Table 1. The spring value was low enough to suggest a shortage of RDP in the rations at that time. The
calving to first service interval was higher than that of calving to first ovulation as shown in Table 2. It
means that farmers were unable to detect heat in their cows at the proper time. The calving to first service
interval in autumn was shorter than in the other 3 seasons. It would be tempting to relate the shorter period
to the urea levels that were highest in the autumn. Average parasitic egg (mainly Fasciola gigantica)
counts were 54/g of faeces of cows. Feed protein deficiency, improper heat detection and parasitic
infestation were identified as significant constraints on dairy cattle production.
DARGIE, J. D. (1989). ‘Helping Small Farmers to Improve their Livestock’. IAEA Year Book.
Email: s-khan@royalten.net
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VARIATION IN COUMARIN CONCENTRATION BETWEEN LINES OF MELILOTUS SP.
J.L. KITCHEN A, D. MCLACHLAN B, S. HUGHES B and D.K. REVELL A
A

Dept of Animal Science, The University of Adelaide, Roseworthy, SA 5371
Australian Medicago Genetic Resource Centre, South Australian Research and Development Institute,
Adelaide, SA 5001

B

Sweet clover (Melilotus sp.) has recently been identified in Australia as a pasture legume potentially
suited to saline land. Some Melilotus species have shown high herbage productivity under such
conditions. However, Melilotus can contain high levels of coumarin that can be converted to
dicoumarol upon fungal contamination (Sanderson et al. 1986). Dicoumarol is an anti-coagulant and is
the cause of sweet clover poisoning in stock fed spoiled Melilotus hay (Yamini et al. 1995).
Leaf tissue from 93 Melilotus lines, sampled when 90% of the plants were flowering, was freeze dried,
ground, extracted using methanol at 35°C under vacuum and analysed for coumarin concentration
using HPLC.
Coumarin concentrations ranged from 0.05 to 1.04% DM. Intra-specific variation was large for all
species tested (Figure 1). Seventeen of the 19 M. sulcatus lines tested contained below 0.2% coumarin,
whereas a high proportion of lines from species such as M. albus, M. elegans and M suaveolens
contained over 0.5% coumarin. Other species with potentially low coumarin include M. dentatus, M.
infestus, M. messanensis and M. neapolitanus, although more lines of these species need to be
screened.
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Figure 1. Coumarin concentration in leaves of Melilotus sp. (93 lines) at 90% flowering

Further work is required to identify critical concentrations of coumarin that may pose potential
problems to animals consuming mouldy plant material. The dicoumarol concentration in spoiled
pasture or mouldy hay depends, in part, on the original coumarin concentration of the plant material,
and hence care may need to be taken if the Melilotus lines with higher coumarin concentration are
grazed under conditions where fungal spoilage may occur. This may necessitate, for example, the
monitoring of sedimentation rates or clotting time of blood collected from grazing animals. Further
work is also required to quantify the variation in coumarin concentration across stages of plant
maturity and under different growing environments.
SANDERSON, M.A., MEYER, D.W. and CASPER, H.H. (1986). Anim. Feed Sci. Tech. 14, 221-30.
YAMINI, B., POPPENGA, R.H., BRASELTON, W.E.JR. and JUDGE, L.J. (1995). J. Vet. Diagnostic Invest. 7,
420-2.
Email: dean.revell@adelaide.edu.au
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A COMPARISON OF TWO FINISHING SYSTEMS FOR FRIESIAN BULLS
B.W.KNEE and A.SANDERS
Agriculture Victoria, Hamilton, Private Bag 105, Vic 3300

Bull beef producers often find they have unfinished bulls at the end of the second growing season.
Carrying these bulls over for a third spring creates problems for the producer and the processor as
production costs increase and market access is reduced for bulls exceeding 24 months of age. This
paper reports on two finishing options over summer and autumn for 450 kg Friesian bulls.
In January 2001, 50 Friesian bulls arrived at Pastoral and Veterinary Institute (PVI) weighing on
average 469 kg. They were randomly allocated to one of two treatments: i) a feedlot where bulls were
fed a silage based total mixed ration and ii) an autumn-deferred pasture based treatment involving
supplementary feeding of hay or silage and grain.
The total mixed ration was introduced over an 18-day introductory period where the proportion of
grain was increased to 58% in the final ration. The final ration consisted of 11 MJ ME/kg and 13% CP.
The bulls were fed twice daily.
The bulls in the autumn deferment treatment were stocked at 1.5 bulls/ha. They were fed hay and 4 kg
of cracked triticale per day until the autumn break when they were confined to a small paddock and
fed ad lib. silage and 4 kg of cracked triticale until a pasture wedge had grown, they were then setstocked at 1.5 bulls/ha until slaughter. Bulls on both treatments were finished to market specifications
of 3 mm of fat at the P8 site, 250-350 kg HSCW at <24 months of age.
Table 1 shows that the bulls fed in the feedlot reached the market specifications much faster than the
autumn deferment bulls. They grew at an average daily gain of 1.71 kg/day and were slaughtered at
599 kg. The autumn deferment bulls grew at 1.27 kg/day up to and during the deferment period and
1.07 kg/day during the pasture phase for an average of 1.15 kg/day. These bulls were slower to lay
down fat and consequently reached an average liveweight of 655 kg at slaughter. The bulls met the 3
mm fat specification at the P8 site when scanned and were slaughtered to ensure a chemical lean
percent of 95 or more as required for the processing trade.
Table 1. Days to slaughter, start and final liveweights, average daily gain (ADG), hot standard carcase
weight (HSCW), P8 fat depth and dressing percentage of feedlot fed and autumn deferred groups of bulls.
Treatment
Feedlot
Autumn Deferment

Days to
slaughter
76
162

Start weight
(kg)
469
468

End weight
(kg)
599
655

ADG
(kg/d)
1.71
1.15

HSCW
(kg)
309
345

P8 fat
depth (mm)
2.0
1.9

Dressing
%
51.6
52.6

Feed inputs constitute the greatest costs for feedlot operators and in this trial a combination of high
grain prices and poor quality silage (ME 8.6) resulted in higher than expected feed costs, although this
was partially offset by better than expected efficiencies in growth. Feed costs per kilogram of
liveweight gain were $1.36 for the feedlot treatment and $0.68 for the autumn deferment treatment.
The commercial bull finisher should consider silage quality, grain prices and the scale of a feedlot
(yards, sheds, machinery and labour costs can be high on a small scale) before investing in feedlot
finishing. The important considerations for autumn deferment are grain prices, machinery and labour
costs, pasture availability and quality (a late break will increase grain consumption and may increase
the age of slaughter). Both treatments met the market specifications and therefore would be suitable as
a finishing system for 450 kg bulls.
Email: bruce.knee@nre.vic.gov.au

319.

Anim. Prod. Aust. 2002 Vol. 24: 320

PREFERENCE RANKINGS FOR LEGUME AND CEREAL HAYS AMONG LIVESTOCK
SPECIES
S.A. KNOTT A, L.J. CUMMINS A, D. DALLEY B, P.C. FLINN A, G. KEARNEY A and M. HANNAH B
A
B

Pastoral and Veterinary Institute, Hamilton, VIC. 3300
Agriculture Victoria Ellinbank, VIC. 3821

The Australian hay industry is growing, with large quantities of oaten hay now exported to Japan, and
all types of legume, pasture and cereal hay sold on the domestic market to the dairy, horse, grazing
and feedlot industries. Objective measurement of hay quality is being increasingly used as a
marketing tool with energy, protein and fibre content being important indicators of nutritive value. A
measure of animal preference would assist all users in ration formulation and is being particularly sort
for the export market. The factors that influence preference are poorly defined and have not been
compared across animal species. The aim of this experiment was to undertake preference tests using a
range of cereal and legume hays fed to sheep, horses, beef and dairy cattle.
Nine cereal hays (including oaten and barley hay. and barley straw) and nine legume hays (including
Persian clover, medic, balansa clover, lucerne and vetch) were compared within two separate blocks in
sheep, horses, dairy cattle and beef cattle (n=18, 12, 27 and 12, respectively). All hays were processed
to a length of 10-15 cm before feeding. Chemical analysis of the hays will be undertaken. Animals
were housed in individual pens and each animal had access to two feed bins. During the introduction
phases, all animals were exposed to each of the hays at least twice, in order to remove the novelty
aspect of the feed. Animals were trained to eat from both feed bins, with removal of bins after 10
minutes.
In the design, every hay in each block was compared with every other hay in that block, so that all
combinations were tested. Animals were offered two different hays in each combination, with tests
carried out an hour apart. No animal was exposed to the same hay twice. On the day of the test,
sheep, horses and beef cattle were given a small quantity of pasture hay to break their fast, while dairy
cattle were given 3 kg grain in the dairy at milking. Between four and six tests were undertaken each
day.
Preliminary statistical analysis showed differences in preference between hays within each of the
animal species. Table 1 shows the rank obtained for each of the hays across the livestock species. As
a guide, based on the preliminary analysis, the hays have been placed into groups for each of the
species (between horizontal bars in Table 1). Among the legume hays, there was more variation in
preference across the different animal species, compared to that for the cereal hays. Further statistical
analysis is required on the preference rankings, and it is hoped that laboratory analysis of the hays will
identify the important chemical and physical factors that are associated with preference.
Table 1. Legume and cereal hay ranks based on preference tests undertaken across four livestock species
Cereal Hays
Legume Hays
Rank
Beef
Sheep
Horses
Dairy
Beef
Sheep
Horses
Dairy
1
OAT7
OAT3
OAT7
OAT3
PER
LUC5
LUC5
LUC5
2
OAT5
OAT7
OAT3
OAT7
MED
LUC3
LUC6+
PER
3
OAT1
OAT6
OAT1
OAT1
BAL
PER
LUC1
MED
4
OAT6
OAT5
OAT2
OAT5
LUC5
LUC1
PER
BAL
OAT2
LUC1
MED
MED
LUC4
5
OAT2
OAT1
OAT4
OAT2
BAR
OAT6
LUC7+
LUC4
LUC3
LUC1
6
OAT3
7
OAT4
BAR
OAT5
BAR
LUC6+
BAL
LUC7+
LUC3
8
BAR
OAT4
OAT6
OAT4
LUC3
LUC2*
LUC4
LUC2*
9
STR
STR
STR
STR
LUC4
VET*
BAL
VET*
OAT = oaten hay, BAR = barley hay, STR = straw, PER = Persian hay, LUC = lucerne hay, MED = medic hay, BAL=
balansa clover hay, VET = vetch hay. * These hays were removed from subsequent preference tests and + these hays were
substitutes.

We wish to thank Dr. John Black and the technical staff at NRE Hamilton and Ellinbank. RIRDC
provided financial support.
Email: Stephanie.Knott@nre.vic.gov.au
320.

Anim. Prod. Aust. 2002 Vol. 24: 321

THE RELATIONSHIP BETWEEN PREFERENCE AND SHORT-TERM FEED INTAKE
RATE FOR LEGUME AND CEREAL HAYS
S.A. KNOTT A, L.J. CUMMINS A, D. DALLEY B, P.C.FLINN A, G. KEARNEY A and M. HANNAH B
A
B

Pastoral & Veterinary Institute, Hamilton, VIC. 3300
Agriculture Victoria Ellinbank, VIC. 3821

Hay exporters are seeking an objective test to indicate animal preference, as this is particularly
important to Japanese hay buyers. This is in addition to energy, protein and fibre content, which are
the common measures of nutritive value. Currently the factors that influence preference are poorly
defined and have not been compared across animal species. Feed intake rate, which is measured in
short-term feeding studies may be a useful indicator of preference. The aim of this experiment was to
undertake short-term feed intake rate tests using a range of cereal and legume hays offered to sheep,
horses, beef and dairy cattle. The results were then compared to preference rankings obtained in a
separate but associated study (Knott et al. 2002).
Nine legume hays (including Persian clover, medic, balansa clover, lucerne and vetch) and nine cereal
hays (including oaten and barley hay, and barley straw) were offered to sheep, horses, dairy cattle and
beef cattle (n=18, 12, 9 and 12, respectively) in a series of 5-minute feed intake tests. All hays were
processed to a length of 10-15cm before feeding. Animals were housed in individual pens with access
to a single feed bin. All animals were exposed to each of the hays at least twice prior to the feed
intake tests in order to remove the novelty aspect of the feeds and were trained to eat in a short period
of time. On the day of testing the sheep, horses and beef cattle were given a small quantity of pasture
hay to break their fast, while the dairy cows received 3 kg of grain in the dairy at milking. Tests were
limited to 6 per day for dairy cows and 2 per day for beef cattle, horses and sheep.
Preliminary statistical analysis shows that the intake rate of the hays differed within each of the animal
species (Table 1). When compared with the preference tests (Table 2) there were strong correlations
between the predicted means for preference and feed intake rate across the livestock species.
Table 1. Legume and cereal hay ranks based on intake rate tests undertaken across four livestock species
Cereal Hays
Legume Hays
Rank
Beef
Sheep
Horses
Dairy
Beef
Sheep
Horses
Dairy
1
OAT7
OAT3
OAT7
OAT3
PER
LUC5
LUC3
BAL
2
OAT3
OAT5
OAT3
OAT1
MED
LUC3
LUC5
LUC5
PER
3
OAT2
OAT6
OAT1
OAT7
BAL
LUC1
LUC6+
4
OAT1
OAT7
OAT2
OAT5
LUC5
MED
PER
LUC4
5
OAT6
OAT1
OAT4
OAT2
LUC1
PER
MED
MED
BAL
LUC1
LUC1
6
OAT5
OAT2
OAT5
OAT6
LUC6+
LUC4
LUC7+
LUC3
7
OAT4
BAR
OAT6
BAR
LUC7+
8
BAR
OAT4
BAR
OAT4
LUC4
LUC2*
LUC4
VET*
9
STR
STR
STR
STR
LUC3
VET*
BAL
LUC2*
OAT = oaten hay, BAR = barley hay, STR = straw, PER = Persian hay, LUC = lucerne hay, MED = medic hay, BAL=
balansa clover hay, VET = vetch hay. * These hays were removed from subsequent preference tests and + these hays were
substitutes.

Table 2. Legume and cereal hay correlations between preference and feed intake results
Beef
Horses
Sheep
Cereals
0.894
0.878
0.952
Legumes
0.878
0.893
0.950

Dairy
0.917
0.857

From the preliminary analysis, it appears that feed intake rate is associated with preference. Further
work is required to test the strength of the correlations across a wider range of hay types and to
identify chemical or physical factors in the hay which affect intake rate and preference.
We wish to thank Dr. John Black and the technical staff at NRE Hamilton and Ellinbank. RIRDC
provided financial support.
KNOTT, S.A., CUMMINS, L.J., DALLEY, D., FLINN, P.C., KEARNEY, G. and HANNAH, M. (2002). Anim.
Prod. Aust. (these proceedings).
Email: Stephanie.Knott@nre.vic.gov.au
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PASTURE INTAKE AND PRODUCTION OF MERINO WEANER SHEEP GRAZING
PASTURES GROWING ON SALINE LAND IN SOUTHERN NSW
G.J LEE A, R.P. GRAHAM B, D. ALCOCK C and A. SOUTHWELL D
A

NSW Agriculture, Orange Agricultural Institute, Orange, NSW 2800
NSW Agriculture, Yass, NSW 2582
C
NSW Agriculture, Dubbo, NSW 2830
D
“Glenflesk”, Rye Park, NSW 2586
B

Salinity can lead to salt scalds in pastures and erosion if left untreated, but some landowners are
reluctant to address the issue because of a perceived lack of an economic benefit. There is a need to
demonstrate the productive potential of saline lands. The following observations were undertaken to
benchmark the performance of pastures sown in a remedial role on moderately saline land (soil
salinity (ECE) at 0-10 cm and at 10-60 cm was 3.5 and 7.0 dS/m, respectively; Southwell, 1999).
The site is located 40km north of Yass on the southern tablelands of NSW. Southwell (1999) gives a
detailed description of the site and its management. Species sown in the pasture included tall wheat
grass (Thinopyrum elongatum), tall fescue (Festuca arundinacea), puccinellia (Puccinellia ciliata),
phalaris (Phalaris aquatica), perennial ryegrass (Lolium perenne), strawberry clover (Trifolium
fragiferum), balansa clover (T. balansae) and subterranean clover (T. subterraneum).
Approximately 250 fine-wool Merino, mixed sex weaners grazed the 8 ha pasture for 48 days,
commencing 1 March 2001. The initial liveweight of the weaners was 24.7± 3.2 kg, which increased
(P< 0.05) to 28.3 ± 3.6 kg over the period at a rate of 77.3 g/d. Clean wool growth (from dye bands)
over the same period was estimated to be 7.4 ± 0.6 g/d when measured on a sub-sample of 19 weaners
from dye bands placed on midside staples at the start and end of the measurement period.
Pasture intakes were estimated in 11 weaners (from the 19 dye banded weaners) using the dual alkane
technique. The mean intake was 1173 ± 305 g DM/d, of which 0.78 ± 0.05 was digestible, giving a
digestible DM intake of 908 ± 212 g/d. Available green herbage declined over the grazing period from
1800 to 890 kg DM/ha, but the dead component remained at 200 kg DM/ha. The main species present
(end point evaluation) were tall fescue (50.9%), tall wheat grass (21.7%), phalaris (7.5%), annual
grasses (4.7%), ryegrass (2.8%) and legumes (9.4%). The in vitro digestibility of most of the species
sampled on day 12 was in the 71-78% range.
Although the liveweight gain of the 19 weaners used for more intensive measurement gained was
higher than the whole flock (4.6 ± 1.3 vs 3.7 ± 0.6 kg), this difference was not significant. The
Grazfeed-predicted intake, digestibility and liveweight gains were all within 5% of the measured
performance (Table 1). However, the predicted wool growth was nearly twice that of the wool growth
estimated from the dye band samples.
The grazing system on this moderately saline land performed to expectations in terms of pasture intake
and liveweight gains, given the availability and quality of the herbage on offer.
Table 1. Performance of Merino weaners grazing pasture on saline affected land
Measurement

Pasture intake
(g DM/d)

DMD of diet (%)

Liveweight gain (g/d)

Clean wool growth
(g/h/d)

Simulation

1210

75

101

14.1

Measured Data

1173

78

96

7.4

SOUTHWELL, A. (1999). Proc. 14th Annual Conf. Grassl. Soc. NSW Inc. p 73-7.
Email: greg.lee@agric.nsw.gov.au

322.

Anim. Prod. Aust. 2002 Vol. 24: 323

DETERMINATION OF 2H2O AT VERY LOW ENRICHMENT BY GAS CHROMATOGRAPHY MASS SPECTROMETRY FOR MEASURING BODY WATER SPACE
S.M. LIU
CSIRO Livestock Industries, Private Bag 5, PO Wembley WA 6913, Australia

Deuterated water (2H2O) is used to measure total body water space for estimation of the total body
protein and fat in sheep. In measurements, a few grams of 2H2O is injected intramuscularly and after
equilibrium a blood sample is taken to assay 2H-enrichment. The enrichment in plasma is usually as
low as 100 ppm. This is traditionally analysed by isotope ratio of mass spectrometry (IRMS), but the
analysis is labour intensive and expensive. A novel and economical method using gas chromatography
mass spectrometry (GCMS) has recently been developed to determine 2H-enrichment as low as 80500 ppm (Yang et al. 1998). The method is based on analysis of 2H-enrichment in 13C3-acetone after
isotopic exchange of protons in water with hydrogens adjacent to the carbonyl group of acetone. The
approach was modified in our laboratory for analysis of low 2H-enrichment in sheep plasma.
Blood samples from sheep (about 45 kg) were collected before and 6 h after injection of 3 g 2H2O
(99.9% atom %. Sigma-Aldrich, USA). 2H-enrichment in plasma was determined using IRMS as
described by Turner and Gailitis (1988). Sample preparation for GCMS analysis followed the method
described by Yang et al. (1998) except that dichloromethane was used to extract acetone to improve
the chromatography of acetone. The analyses were carried out on a Shimadzu QP5050A GCMS
system equipped with an Alltech AT-WAX Heliflex capillary column (30 m × 0.25 mm i.d., 0.5 µm
film thickness). The carrier gas was helium and the column flow rate was 1.1 ml/min. The GC injector
temperature was set at 250°C, and the interface temperature at 240°C. The column temperature
program was 2.5 min at 45°C, increased by 60°C/min to 225°C, and followed by 2 min at 225°C.
Acetone was eluted at 2.75 min. Samples were analysed at 70 eV under chemical ionization with
methane as the reagent gas. The selected ions monitored were m/z 61 and 62 with the carrier gas split
ratio set at 25, or m/z 61 and 63 with the split ratio set at 7. The ratio of m/z 61 to 62 was found to be
constant at 0.0731 (SE 0.0053) and therefore, it was multiplied with measured m/z 63 : 61 ratio to get
m/z 63 : 62 ratio. The calibration curve was obtained by a linear regression analysis (r2 = 0.999, n =
5) of theoretical 2H-enrichment in standards (ranged from 50 to 250 ppm) against measured m/z 63 :
62 ratios. Samples were injected in triplicates.
Analyses of the samples showed that 2H-enrichment measured by GCMS was not different from that
by IRMS (Table 1. P = 0.3, paired t-test). With chemical ionisation the molecular ion of acetone was
obtained and the sensitivity of GCMS analysis was significantly improved. A low enrichment of 50
ppm could be detected with a high reproducibility (CV = 0.7%). The method provides an alternative
and less costly approach to determine 2H-enrichment for animal scientists to measure body water and
so estimate whole body protein and fat compositions.
Table 1. The comparison between the GCMS and IRMS assays of the 2H-enrichment (ppm) in sheep
plasma
Sample No.
704
125
100
78
68

GCMS
105.3
100.4
100.8
100.8
96.8

CV (%) of GCMS assay
3.3
2.3
1.1
0.5
0.5

IRMS
108.0
107.0
100.3
100.2
96.4

The author is grateful to Dr Michael Tavendale, AgResearch, New Zealand for suggestions on GCMS
analysis.
TURNER, J.V. andGAILITIS, V. (1988). Analyt. Chem 60, 1244-6.
YANG, D.W., DIRAISON, F., BEYLOT, M., BRUNENGRABER, D.Z., SAMOLS, M.A., ANDERSON, V.E.
and BRUNENGRABER, H. (1998). Analyt. Biochem. 258, 315-21.
Email: Shimin.Liu@csiro.au
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THE EFFECT OF WHOLE COTTONSEED ON INTAKE, DIGESTION AND MICROBIAL
PROTEIN PRODUCTION IN CATTLE FED RHODES GRASS HAY
MARSETYO A, D.P. POPPI A, S.R. McLENNAN B
A
B

School of Land and Food Sciences, University of Queensland, St Lucia, Qld, 4072
Queensland Beef Industry Institute, DPI, Animal Research Institute, Yeerongpilly, Qld 4105

Whole cottonseed (WCS) has high fibre, lipid and energy content, is moderately high in protein and is
relatively palatable, leading to its widespread use as a protein and energy supplement for both beef
and dairy cattle. However, as a result of its high lipid content, it can depress the intake and digestion
of the forage component of a diet when fed as a supplement (McLennan et al. 1998), presumably
through changes in the rumen microbial population (Devendra and Lewis 1974). This in turn could
impact on microbial crude protein (MCP) synthesis in the rumen, but there is no information on this in
relation to WCS feeding with low quality forages. Our experiment was carried out to investigate the
effects of increasing intake of WCS on dietary intake and digestion and on MCP production by cattle.
Five Charbray crossbred steers (body weight (BW) 318±8 kg) were randomly allocated to five
different intakes of WCS (0, 0.15, 0.30, 0.45 and 0.60% BW, DM basis) in an incomplete 5 x 5 Latin
square, with three runs, i.e., three steers/treatment overall. Each run consisted of a 14 d adaptation
period in pens and a 7 d collection period in metabolism cages. Steers received Rhodes grass (Chloris
gayana) hay (0.77% N) ad libitum and a mineral block and drinking water were available at all times.
Microbial crude protein production was estimated from the excretion of purine derivatives in urine
(Chen and Gomes 1992). Data were analysed using a general linear regression analysis.
Table 1. Effect of whole cottonseed on intake of hay and total dry matter, organic matter digestibility
(OMD), on rumen ammonia-nitrogen (NH3-N) concentration and on the extent and efficiency of microbial
crude protein (eMCP) production, expressed in relation to digestible organic matter intake (DOMI)
WCS intake (% BW)
0

0.15

0.30

0.45

0.60

Hay DM intake (% BW)

1.48 ± 0.07

1.63 ± 0.08

1.80 ± 0.14

1.54 ± 0.12

1.41 ± 0.08

Total DM intake (% BW)

1.48 ± 0.07

1.78 ± 0.07

2.10 ± 0.14

1.99 ± 0.12

2.01 ± 0.07

OMD (%)

52.9 ± 0.39

57.0 ± 0.80

60.9 ± 0.84

56.6 ± 0.78

52.3 ± 0.98

Rumen NH3-N (mg/L)

32 ± 2.8

64 ± 1.1

77 ± 1.3

84 ± 1.6

93 ± 1.9

MCP production (g/d)

103 ± 15

172 ± 19

268 ± 13

230 ± 15

201 ± 13

eMCP production (g/kg DOMI)

58 ± 1.8

71 ± 1.7

87 ± 1.1

81 ± 1.3

76 ± 1.6

Rumen ammonia concentration increased linearly with intake of WCS (P<0.05). For all other
parameters, there was a significant quadratic relationship (P<0.05) when intake of WCS was
increased, with peak values occurring at an intake of 0.3% BW. McLennan et al. (1998) similarly
found that total intake by young cattle declined when this intake of WCS was exceeded, and the fat
content of the total diet exceeded about 2.6% DM. At all intakes of WCS, efficiency of MCP
production was considerably lower than that suggested in the feeding standards, e.g., 130-170 g/kg
DOMI (SCA 1990), and was reduced when intake exceeded 0.3% BW. Combined with the intake
trends, this suggests reduced rumen microbial growth at higher lipid intakes and indicates an optimum
supplementation rate of about 0.3% BW for cattle grazing low quality forages. The WCS was
generously provided by Dunavant Enterprises, Moree, NSW.
CHEN, X.B. and GOMES, M.J. (1992). Occas. Pub., Rowett Research Institute, Aberdeen, UK p.1-22.
DEVENDRA, C. and LEWIS, D. (1974). Anim. Prod. 19, 67-76.
McLENNAN, S.R., PLASTO, A.W., DOOGAN, V.J. and DILLON, R. (1998). Anim. Prod. Aust., 22, 111-4.
SCA (1990). ‘Feeding Standards for Australian Livestock. Ruminants’, CSIRO, Melbourne.
Email: marsetyo@mailbox.uq.edu.au
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THE EFFECTS OF GLAND CLOVER (TRIFOLIUM GLANDULIFERUM) CONSUMPTION
ON SHEEP PRODUCTION AND MEAT EATING QUALITY
D.G. MASTERS A, G. MATA A, C.K. REVELL B and V. SOLAH C
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C
Department of Nutrition, Dietetics and Food Science, Curtin University of Technology, GPO Box U1987,
Perth, WA 6845
B

Gland clover (Trifolium glanduliferum) is a new clover species to Australia. The plant contains
coumarin, which, during mould-induced spoilage, is converted to dicoumarol. High intakes of
dicoumarol inhibit blood clotting and may affect meat flavour (Blood et al. 1985). This experiment
evaluated the effects of gland clover consumption on production and meat quality of hogget sheep.
On July 3-6, 2000, 4 plots (0.5 ha each) were sown with Prima gland clover and 4 with Dalkeith sub.
clover (Trifolium subterraneum) at the CSIRO Research Station, Bakers Hill, WA. On Sept, 7, 2000,
2, 14-month-old Merino ewes were allocated to each plot; 2 more were added on Sept 28 and Oct 19.
By Nov 9, 2 sheep per plot had grazed the experimental clovers for each of 3, 6 and 9 weeks.
The 2 sheep on each plot for the full 9 weeks were weighed and had midside wool samples collected
every 3 weeks. Estimates of food on offer (FOO) were made on Sept 9 and 28, Oct 19 and Nov 9.
After slaughter at a commercial abattoir on Nov 10, the carcasses were hung for 3 days in the chiller
before removal of the Longissimus dorsi muscle for evaluation of flavour, tenderness and juiciness by
a trained panel. The panel also assessed differences between the test samples and a standard lamb
sample in a triangle test (Meilgaard et al. 1991). Plot means were compared using ANOVA.
There were no significant differences in liveweight gain (Prima 274 ± 16 vs. Dalkeith 251 ± 16 g/d) or
clean wool growth (Prima 0.16 ± 0.01 vs. Dalkeith 0.16 ± 01 g/100 cm2.d) over the 9 weeks of the
experiment. There was significantly more (P < 0.05) FOO on the Prima gland clover plots on Sept 9
(1624 ± 64 vs. 911 ± 64 kg DM/ha) and 28 (3304 ± 85 vs. 2978 ± 85 kg DM/ha), but significantly
more Dalkeith clover on Oct 19 (3561 ± 83 vs. 3207 ± 83 kg DM/ha).
Table 1. Tenderness, juiciness and flavour of meat from sheep grazing Prima gland or Dalkeith clover
FlavourA
TendernessB
JuicinessC
6.7
8.6
5.1
6.4
8.6
5.9
6.9
8.8
5.3
Dalkeith
6.5
8.5
6.2
6.6
8.4
5.8
6.8
8.6
7.0
Standard error of means
0.29
0.13
0.46
Significant effects (P<0.05)
ns
ns
Clover
A
Scale: 1 - extremely bland to 10 - extremely intense. B Scale: 1 – extremely tough to 10 – extremely tender.
extremely dry to 10 – extremely juicy.
Clover type
Prima gland

Exposure
3 weeks
6 weeks
9 weeks
3 weeks
6 weeks
9 weeks

C

Scale: 1 –

There was no effect of clover type on tenderness or intensity of flavour but the gland meat was slightly
drier (Table 1). For samples that were detected as different from standard lamb in the triangle test, the
panelists indicated gland had a slightly more pleasant taste than standard lamb or Dalkeith samples.
In conclusion, the sheep grew well on Prima gland clover with no detrimental effects on meat quality.
The gland clover in this experiment was not subject to spoilage and only contained moderate levels of
coumarin (50- 200 mg/kg DM), therefore, further monitoring under a range of conditions is advisable.
BLOOD, D.C., RADOSTITS, O.M. and HENDERSON, J.A. (1985). ‘Veterinary Medicine’. 6th Edition.
(Baillière Tindall: London).
MEILGAARD, M., CIVILLE, G. and CARR, B.T. (1991). ‘Sensory Evaluation Techniques’ 2nd Edition. (CRC
Press Inc.: Boston).
Email: David.Masters@csiro.au
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MANAGEMENT TO IMPROVE FIBRE DIAMETER AND STAPLE STRENGTH IN SOUTH
AUSTRALIA
G. MATA A, N. J. EDWARDS B, J. E. HOCKING EDWARDS B AND D. G. MASTERS A
A
B

CSIRO, Livestock Industries, PO Box 5 Wembley, WA 6913, Australia
“The Washpool”, Avenue Range, SA 5273, Australia

Implementation of techniques derived from the Premium Quality Wool CRC (CRC PQW) to manage
fibre diameter (FD) profiles to increase wool quality allow producers to fine-tune their product to
specific markets. We present a case study in Avenue Range, South Australia where these techniques
where successfully applied to increase staple strength (SS) and returns per hectare.
Merino wethers (restricted group, n= 425, 18 months) were managed between May 22 and August 23,
2001 to manipulate FD profile, increase SS and increase $/hectare. During this period the sheep were
allowed to graze improved pastures kept below 800 kg DM/ha by maintaining stocking rates (SR) at
26 DSE/ha. A control mob of wethers (n= 25) originally from the above group was managed under
normal farm practice at 8 DSE/ha on similar pasture but with a herbage mass between 1200 and 3500
kg DM/ha. On August 24 the restricted group was moved to a paddock with 2500 kg DM/ha to allow
compensatory weight gain prior to shearing on September 10 and were then sold to the live-export
trade on October 4. At six-week intervals the animals were weighed and FD profiles were monitored
by clipping one staple from 20 animals at random from each group and determining profiles using an
OFDA 2000. Greasy fleece weights and midside samples were collected at shearing from 50 animals
in the restricted group and 25 in the control group to determine mean FD, SS and staple length (SL).
Estimates of greasy fleece value were derived from www.e-wool.com.au for a southern region sale in
October 2001 with an AWEX code MWF4E. Values for the sale of stock were averaged over a threeweek period from rural media in October and estimated at $55 for the control and $53 for the restricted
group.
Table 1. Fleece quality outcomes for the control and
restricted groups
Control Restricted P-value
0.138
21.5
20.9
Fibre diameter (µm)
0.05
83.4
78.6
Staple length (mm)
0.002
27.6
35.1
Staple strength (N/ktex)
0.001
4.2
3.7
Greasy fleece wt. (kg)
0.001
61
54
Final liveweight (kg)
475
484
%Change
Greasy wool value ($/kg)
2
8
81
Annual stocking rate
14.51(26 )
33.6
32
Wool per hectare (kg)
53.7
159
62
Wool $ /ha
259
440
74
Stock sale $ /ha
768
599
71
Total income $/ha
1027
1
Effective stocking rate over the year, 2SR during restriction

Figure 1. FD profile for the control and
restricted groups

FD profiles show that the level of restriction was adequate to control the blow-out in micron for a 3
month period while the control group increased FD by a further 4 microns during that time. Mean FD
was 0.6 microns less but was not statistically significant while SL declined by 6% (P<0.05) and SS
increased by 27% (P<0.002, Table 1). While restricting intake reduced greasy fleece weight
(P<0.001), total wool cut /ha increased 32% due to the higher stocking rate. Returns from wool
increased 62% and from stock sales 74% due to the better pastures use between May and August.
Improvements in premiums for finer and sounder wool together with an earlier start to the restriction
period would further improve financial returns to producers. These results confirm preliminary results
from the same property in 2000 and further demonstrate the potential for these techniques to deliver
significant gains through better management of pastures and animals in seasonally variable
environments.
CRC Premium Quality Wool and AWIL funded this project.
Email: Gonzalo.Mata@csiro.au
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LIFETIME METHANE PRODUCTION IS REDUCED WHEN BEEF CATTLE ARE
REPEATEDLY TREATED WITH AN HORMONAL GROWTH PROMOTANT
G.J. McCRABB AB and R.A. HUNTER A
A

Cooperative Research Centre for Cattle and Beef Quality, CSIRO Livestock Industries, Rockhampton, QLD
4702, Australia
B
Present Address: International Livestock Research Institute, Addis Ababa, Ethiopia

In Australia, livestock are presently responsible for 14% of national greenhouse gas emissions
(Australian Greenhouse Office 2001). The national inventory reports that since 1991 methane gas
emissions from Australia’s beef cattle population have increased by 4.2 % (Australian Greenhouse
Office 2001). The US Environmental Protection Agency (1999) promotes the use of hormonal growth
promotants as a tool for greenhouse mitigation in beef cattle, because they reduce the time required to
reach market weight by enhancing growth rate, feed efficiency and lean tissue accretion. The
objective of this study was to quantify the reduction in methane gas output from beef cattle repeatedly
treated with oestradiol under experimental field conditions in tropical Australia.
Lifetime methane production of crossbred beef cattle, finished on pasture to slaughter live weights of
400, 520 and 640 kg were determined by simulation modeling. Methane production was determined
for cattle that were either repeatedly treated with 20 mg oestradiol-17β (Compudose 100, Elanco
Animal Health) every 100 d or not treated (Control). Average values for live weight at different ages,
dressing percentage and retail beef yield (RBY) were measured in experiments conducted at
“Duckponds” station in central Queensland (Hunter et al. 2001). Rates of methane production used in
these calculations were based on respiration calorimeter measurements (mean±standard deviation) for
Brahman cattle that were fed on tropical forage diets (Kurihara et al. 1999) with comparable growth
rates to the cattle investigated in this study. RBY = carcase weight – (carcase fat trimmed in excess of
3 mm thickness + bones).
Table 1. The effect of hormonal growth promotant treatment on lifetime methane output for beef cattle
Slaughter
weight (kg)
400

520

640

Management
Treatment
Control
Oestradiol

Slaughter age
(months)
19
17

Lifetime methane output*
(kg)
(kg/kg RBY)**
77±4
0.51±0.03
68±3
0.46±0.02

Reduction in
methane output

Control
Oestradiol

28
26

154±8
140±7

0.80±0.04
0.73±0.04

9%

Control
Oestradiol

37
33

259±13
219±11

1.16±0.06
0.98±0.05

16%

10%

* mean±standard error, **RBY = retail beef yield

Under extensive grazing conditions in northern tropical Australia, which are characterized by
relatively low growth rates (<0.3 kg/day) in the dry season and higher growth rates (>0.5 kg/day) in
the wet season, repeated treatment of beef cattle with oestradiol was associated with a 7 to 11%
reduction in age at slaughter and a 9 to 16% reduction in lifetime methane production.
AUSTRALIAN GREENHOUSE OFFICE (2001). ‘National Greenhouse Gas Inventory 1999’ Fact Sheet 4.
Agriculture, (Australian Greenhouse Office: Canberra).
US ENVIRONMENTAL PROTECTION AGENCY (1999). ‘US Methane Emissions 1990 – 2020: Inventories,
Projections and Opportunities for Reductions’, (US EPA: Washington DC).
HUNTER, R.A., BURROW, H.M. and McCRABB, G.J. (2001). Aust. J. Exp. Agric. 41, 1033-40.
KURIHARA, M., MAGNER, T., HUNTER, R.A. and McCRABB, G.J. (1999). Br. J. Nutr. 81, 227-34.
Email: g.mccrabb@cgiar.org
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GRAIN CHOICE FOR THOROUGHBREDS: INDUSTRY PRACTICE
N. McGILCHRIST, J. ROWE and G. HINCH
School of Rural Science and Agriculture, University of New England, Armidale. NSW. 2351.

Choosing ‘safe’, digestible grains for horses is difficult as starch content and digestibility can vary
greatly between and within grain species. Horses have evolved on a diet of forage and are thus not
well equipped to digest starch in the small intestine (Budiansky 1998). When grains with poor starch
digestibility are fed to horses, the starch which escapes small intestinal digestion ferments in the
animals hindgut, causing hindgut acidosis and associated problems, including potentially career
ending laminitis (Rowe 1999). The difficulty in industry at present is that there is very little known
about the digestibility of the different grain species or about the variation in digestibility that occurs
within a grain species.
A survey of 52 thoroughbred trainers in north-eastern NSW was conducted to determine which grains
were being fed in this sector of the thoroughbred industry and how digestible these grains were.
Samples of unprocessed grains were collected from the majority of the participants. Grain samples
were ground and analysed for total starch content using the method of McCleary et al. (1997). Starch
digestibility was estimated using an in vitro assay designed to predict small intestinal starch digestion
(Bird et al. 1999).
Of the trainers surveyed, 81% fed oats; 75% fed corn; and 31% fed barley. When used, the average
quantity of each grain fed per day was 3.55kg of oats; 1.80 kg of corn; and 1.28 kg of barley.
Table 1. The average and range of starch contents and in vitro starch digestibility for oats (n=29), corn (n=20)
and barley (n=2).
Grain

Starch Content
Range
Starch Digestion*
Range
(%)
(%)
(%)
(%)
Oats
41.3
36.4 – 46.8
60.5
52.0 - 66.3
Barley
60.0
58.5 – 61.5
42.3
41.0 – 43.5
Corn
70.6
66.2 – 76.8
35.6
29.1 – 41.5
* Gives an indication of the amount of starch digested in 1hr, incubated at biological temperature with amylase and AMG.

Oats had the lowest average starch content, however the digestibility of oaten starch was greater than
corn or barley. In contrast to oats, corn had the greatest percentage of total starch, but the lowest starch
digestibility. Both oats and corn varied within their own species by more than 10 percentage points for
starch content, while the variation within oats was >14% and within corn >12% for starch digestibility.
Variation in starch content and digestibility may be caused by differences in the seed coat and starch
type, as well as other factors including the protein matrix structure, particle size and growth and
storage conditions (Rowe et al. 1999). Trainers face the problem that, with no readily available
method for assessing starch content or digestibility, they have no way of determining differences
between species and batches of grain. With further development of the in vitro assays used here,
industry will have access to tools that will allow the prediction of starch content and small intestinal
starch digestion, prior to grains being fed. Using this information to adjust feeding practices will
potentially allow the prevention of hindgut starch fermentation and the adverse effects associated with
acid accumulation in the caecum and colon.
BIRD, S. H., ROWE, J. B., CHOCT, M., STACHIW, S., TYLER, P., and THOMPSON, R. D. (1999). Recent
Adv. Anim. Nutr. 12, 53-61.
BUDIANSKY, S. (1998). ‘The Nature of Horses’, Phoenix, Great Britain.
McCLEARY, B. V., SOLAH, V. and GIBSON, T. S. (1997). J. Cereal Sci.. 20, 51-8.
ROWE, J. B. (1999). Recent Adv. Anim. Nutr. Aust. 12, 81-9.
ROWE, J. B., CHOCT, M. and PETHICK, D. W. (1999). Aust. J. Agric. Res. 50, 721-36.
Email: nmcgilch@metz.une.edu.au
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IMPORTANCE OF VARIOUS CATTLE TRAITS IN THE NATIONAL LIVESTOCK
REPORTING SYSTEM
W.A. MCKIERNAN
NSW Agriculture, Locked Bag 21, Orange. NSW 2800

This paper reports on a study (McKiernan 2001) to quantify price movements relative to cattle traits
reported in the live cattle market. It was conducted for the National Livestock Reporting Service
(NLRS), which reports on livestock sales across Australia. Live cattle traits reported are: Liveweight,
Muscle Score and Fat Score.
Reporting of price movements in the livestock marketplace is extremely important to the cattle
industry for: clearer recognition of market specifications; acknowledgment of price premium and
discounts due to differences in criteria (animal trait); demonstrate the incentive for meeting market
specifications. Producers can then design and implement breeding and production programs to more
fully satisfy market requirements and maximise returns from their marketable product.
Seven market categories were analysed. Within each of these categories 1 year’s data were analysed
from summary reports for all of NSW markets reported from May 2000 to May 2001. This constituted
analysis of reports of over 1 million cattle sold in the NSW live market during that period.
For each trait studied all other traits were held constant. Therefore a difference between price
received for a weight category within market category for example was only compared when fat score
and muscle score was held constant (animal class) within that same market category. The same
applied for all other comparisons within traits. Average price variation due to change in trait was
determined by averaging differences between animal class within market category.
Table 1. Average liveweight price premiums or discounts (cents/kg) due to changes in class or score of
trait reported within cattle market category.
Market category
Cows
Yearling Steers
Yearling Restockers
Yearling Heifers
Steers
Feeder Steers
Vealers
Average

Reported trait
Muscle score
11.0
15.9
18.1
15.8
12.7
9.7
14.9
14.0

Liveweight class
4.7
2.1
3.9
3.1
0.9
4.2
14.1
4.7

Fat score
7.1
5.8
1.7
5.4
6.5
3.2
4.1
4.8

Generally the heavier the liveweight class within category, the higher the price, except for the Vealer
category which preferred lighter weight cattle. Across all categories, cattle with a higher muscle score
attracted a premium. As fat score increased from low to high (1 to 6), price improved until fat score 4
or 5 was reached, depending on market category and then a discount occurred.
These results demonstrate that the biggest determinant of price variation within all market categories
is Muscle Score. Muscle Score is being paid for and signals are being given to the cattle industry in
terms of preferred animal. The implications of this to the cattle industry is that they should endeavour
to improve muscle score to attract premium prices and ensure they deliver the correct weight and fat
requirements depending on the market category.
MCKIERNAN,W.A. (2001). A report to the National Livestock Service.
Email: bill.mckiernan@agric.nsw.gov.au.
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STOCKPLAN: IMPROVING DROUGHT DECISIONS
M.J.McPHEE A, G.P.MEAKER B, P.GRAHAM C, P.M.CARBERRY D, B.L.DAVIES E, M.B.WHELAN F,
A.K.BELL D, B.CLEMENTS G and W.A.McKIERNAN H
NSW Agriculture A Beef Industry Centre, Armidale, NSW 2351; B Goulburn, NSW 2580; C Yass, NSW 2582;
D
Tamworth, NSW 2340; E Maitland, NSW 2320; G Bathurst, NSW 2795; H Orange, NSW 2795
F
Southern Cross University, Lismore, NSW 2480

StockPlan is a computer program for cattle and sheep producers to explore management options
relating to drought. It is designed to be an extension tool to assist producers make management
decisions that minimise the environmental and financial impacts of a drought. This paper aims to
provide an overview of the 3 StockPlan decision support tools: Drought Pack (exploring feeding
options), FSA Pack (exploring “Feed, Sell or Agist” decisions) and Im Pack (exploring herd or flock
dynamics).
A number of decision support tools such as DroughtPlan (QDPI, 2000) and GrazFeed (Freer et al.
1997 and Horizon Technology 1998) are already available to assist managers make management
decisions during drought. However, the authors believe that StockPlan will fill a niche to assist
producers and advisers (i) make strategic decisions before and during drought, (ii) monitor the
financial impact of the decisions they are making, and (iii) make pro-active decisions.
Drought Pack: A windows-based computer program, is an energy-based model (MJ ME/kg fed) that
assesses the cost of feeding and determines the break-even price for specific animal classes. The
nutrition component of Drought Pack performs the critical calculations that are based on several
empirical equations published in AG bulletin 3 (Oddy, 1978). The break-even analysis assists a
producer to determine whether or not to retain stock based on the inputs supplied to the package.
FSA Pack: An Excel spreadsheet, evaluates the cost of feeding, selling or agisting for a specific
livestock category rather than a whole farm analysis. The user specifies up to 4 different drought
lengths, and provides cash cost estimates and “bottom line” estimates. The “bottom line” estimates
include allowances for pasture re-establishment costs, the value of pasture for other enterprises when
an agistment or sell option is chosen, and a projection of stock values over the duration of the drought.
Im Pack: An Excel spreadsheet, assesses the impact of a herd or flock structure. This decision tool
uses a static modelling approach, over a 10-year period, which provides a producer with the
opportunity to assess the structure of the herd or flock after making extra culling decisions in the
drought year. The equations are based around an age and herd structure model for beef breeding
enterprises (Dobos et al. 1997).
The development of StockPlan has employed a strong team approach across a number of disciplines
that has the potential to assist producers make informative and timely decisions before the onset of a
full-blown drought. Multiple runs within StockPlan provide users with a range of strategies that can be
compared. StockPlan will be delivered to producers through a series of workshops that will include the
software on a CD and a comprehensive manual.
DOBOS, R.C., CARBERRY, P.C., VLEESKENS, S., SANGSARI, E., JOHNSTON, B.D. and ODDY, V.H.
(1997). In ‘MODSIM 97 International Congress on Modelling and Simulation’ (Ed. A.D.McDonald and
M. McAleer) Vol 3, pp. 1080-1085. (Uniprint, University of Western Australia:Perth).
FREER, M., MOORE, A.D. and DONNELLY, J.R. (1997). Agric. Sys. 54, 77-126.
HORIZON TECHNOLOGY Pty Ltd (1998) V4.0 [disk] (Animal reproduction Pty Ltd, Roseville).
ODDY, V.H. (1978), AG Bulletin 3. (NSW Department of Agriculture).
QDPI (2000). v2.3 [CD]. (Department of Primary Industries: Queensland).
Email: malcolm.mcphee@agric.nsw.gov.au
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EFFECT OF FINISHING DIETS ON ESCHERICHIA COLI NUMBERS AND
FERMENTATION CHARACTERISTICS IN THE FAECES OF CATTLE
C.S. McSWEENEY A, J.M. GOUGH A, R.A. HUNTER B, G. McCRABB B and D.O. KRAUSE A
A
B

CSIRO Livestock Industries, Long Pocket Laboratories, Brisbane, Qld 4068
CSIRO Livestock Industries, Rendel Laboratory, Rockhampton, Qld 4702

A study on enterohaemorrhagic E. coli (EHEC) contamination of beef carcases at slaughter concluded
that faecal and carcase levels of EHEC are positively correlated and that there was a role for control of
EHEC in live cattle (Elder et al. 2000). In this current study we examined the effect of dietary
inclusion of molasses (simple sugars), grain (starch) and roughage (structural carbohydrate) on the
shedding of E. coli in cattle faeces.
Six Brahman crossbred steers (350-450 kg) were housed in individual pens and fed three diets
consecutively at 30 d intervals. On a dry matter basis the diets fed ad libitum were (a) 50 % molasses,
28 % Rhodes grass (Chloris gayana) hay, 15.0 % whole cotton seed, 4.5 % cotton seed meal, 1.5 %
urea and 1 % mineral/vitamin premix (M+R); (b) 2 kg Rhodes grass plus a commercial grain based
feedlot diet (Better Blend Beef expandat; Better Blend Stockfeeds, Oakey) which contained primarily
57% sorghum, 15% barley, 10% wheat and 2% cotton seed meal (G); and Rhodes grass plus 200 g/d
urea (R). A fresh faecal sample (100g) was collected from each animal prior to feeding on 3 separate
days during the final week of each dietary treatment. An aliquot (5 g) of each faecal sample was
homogenised and serially diluted before pipetting on EMB plates for enumeration of E. coli after
incubation at 35 C for 24 h. Faeces was also analysed for pH, VFA and ammonia levels.
Table 1. Faecal E. coli numbers, pH, ammonia and volatile fatty acid concentration in cattle fed either
roughage hay, molasses or grain diets
Diet
M+R
5.2a
7.1b
5.9b

R
4.5a
7.7a
3.6a

E coli (log10/g digesta)
Faecal pH
Ammonia (mM)
Volatile fatty acids
2.23b
Total (mg/ml)
0.94a
a
Acetate (mg/ml)
0.74
1.74b
Propionate (mg/ml)
0.131a
0.348b
Butyrate (mg/ml)
0.026a
0.085a
Acetate: Butyrate
29.0a
20.6b
a
Acetate: Propionate
5.7
5.1a
Values that do not have a common superscript letter are significantly different (P < 0.05)

G
6.3b
6.5c
4.4a
3.55c
2.61c
0.385b
0.482b
5.5c
7.3b

Faecal E. coli numbers and VFA patterns were similar in the roughage and molasses diets whereas
increased E. coli numbers, decreased pH and enhanced butyrate fermentation were associated with the
grain diet. This would indicate a shift in the microbial population of the hindgut. Factors other than
available carbohydrate are probably also having a significant effect on the growth of E. coli because
faecal VFA concentration on the molasses diet was intermediate between the other diets. Several other
studies have shown that E. coli populations tend to be lower in the digestive tract of ruminants fed
roughage compared with grain-based diets (Russell et al. 2000). Further studies are required to
determine whether diet will also effect the population of pathogenic E. coli and acid resistant strains
of EHEC in the digestive tract of cattle. Recent studies by Hunter (2000) have shown that feeding
molasses as a substitute for grain under feedlot conditions can achieve commercially attractive live
weight gains and acceptable eating quality of beef.
ELDER, R.O., KEEN, J.E., SIRAGUSA, G.R., BARKOCY-GALLAGHER, G., KOOHMARAIE, M. and
LAEGREID, W.W. (2000). Proc. Nat. Acad. Sci.(Wash.) 97, 2999-3003.
HUNTER, R.A. (2000). Asian-Aust. J. Anim. Sci. 13 (Vol. B), 112.
RUSSELL, J.B., DIEZ-GONZALEZ, F., and G.N. JARVIS. (2000). Microbes and Infection 2, 45-53.
Email: chris.mcsweeney@csiro.au
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LESS HAY IS WASTED WHEN FED IN COVERED RACKS TO PRIME LAMBS IN WET
WEATHER
J.T.B. MILTON, R.H. DAVIDSON and S.J. GRAY
School of Animal Biology, University of Western Australia, Nedlands, WA 6907

Prices for weaned prime lambs in Western Australia generally peak after the break of the season in
early winter before large numbers of sucker lambs are available for slaughter. To ensure weaned prime
lambs meet market specifications at this time they are often trail fed a restricted amount of a grain mix
with hay fed ad libitum on the ground. Tudor et al. (1994) demonstrated there was considerable
wastage due to spoilage when hay was fed to cattle on the ground in wet weather. This paper reports
the value of feeding hay in covered racks to reduce wastage when finishing weaned prime lambs
during wet weather in early winter.
Seventy White Suffolk x Merino ewe lambs weighing 33.8 ± 0.45 kg and condition score 1.7 ± 0.04
were trail fed a grain mix of 88% lupins and 12% oats (385 g/d, 32.2% CP & 13.4 MJ ME/kg DM)
with ad libitum access to scheme water and a complete mineral mix. In addition, the lambs were fed
round bales of oat/pea hay (9.7% CP & 9.2 MJ ME/kg DM) either on the ground (n=35) or in a
covered rack (n=35) in adjoining paddocks for 55 days commencing in early winter. There were 22
wet days (>1 mm of rainfall) giving a total of 140 mm of rain during the study. The paddocks were
sprayed with a herbicide before the study so that the grain mix and hay would be the only feeds
available to the lambs. The total quantity of grain mix and hay fed was recorded and the cost to feed
the lambs during the study was calculated. The lambs were weighed and condition scored each week
and their carcase attributes were measured at slaughter. Four lambs fed hay in the covered rack and
one lamb fed hay on the ground were unsuitable for slaughter. To calculate the net return per lamb fed
for each group these lambs were assigned a lower value based on their liveweight and condition score.
Table 1. Growth and carcase attributes and economics for lambs fed a grain mix with hay either in a
covered rack or on the ground
Attribute
Hay in a covered rack
Growth rate to slaughter (g/d)
189 ± 7.0
Condition score at slaughter
2.6 ± 0.09
Hot carcase weight (kg)
19.4 ± 0.37
GR tissue depth (mm)
9.9 ± 0.52
Eye muscle area (cm2)
14.0 ± 0.32
Hay DM fed per lamb (g/d)
1,128
Feed cost ($ per lamb fed)
8.96
Net return per lamb fed after feed costs ($)
25.89
Hay valued at $67/T DM, grain mix at $204/T DM and minerals consumed at 50 cents/lamb.

Hay on the ground
178 ± 6.5
2.6 ± 0.08
19.6 ± 0.29
10.4 ± 0.52
14.2 ± 0.24
1,995
12.16
24.72

Both groups of lambs grew at a similar rate and had similar carcase attributes, but the amount of hay
fed on the ground to achieve this was 77% higher than that fed in the covered rack (Table 1). The cost
of feed for the lambs fed hay in the covered rack was 26% less and their net return was $1.17 higher
than the lambs fed hay on the ground. If all 35 lambs in each group had the same value per lamb as
those slaughtered, the net return after feed costs would have been $2.87 higher for the lambs fed hay in
the covered rack. The difference between the two groups in net return per lamb fed would have been
greater had the hay been more expensive. The cost of the covered rack was not included in the
economic analysis, but the recovery of this cost would depend on the number of lambs fed from the
rack. It is concluded that feed costs can be lowered and profits increased by feeding prime lambs hay
in a covered rack to reduce wastage in wet weather.
TUDOR, G.D., THORNILEY, G.R., MCMULLEN, G.R. and TELFER, R.B. (1994). Anim. Prod. Aust. 20, 8992.
Email: jmilton@agric.uwa.edu.au

332.

Anim. Prod. Aust. 2002 Vol. 24: 333

EFFECT OF SINGLE MEAL SUPPLEMENTATION WITH FABA BEANS AND BARLEY
FORTIFIED WITH UREA ON RUMEN ENVIRONMENT AND RATE OF DIGESTION OF DRY
MATTER AND FIBRE OF OATEN CHAFF
A. NATSIR, L. BOONEK, A.R. EGAN and B.J. LEURY
School of Agriculture and Food System, I.L.F.R, University of Melbourne, Parkville, VIC. 3052

Oaten chaff, a roughage source for ruminants, is low in crude protein and energy. This can lead to an
insufficient supply of these nutrients for rumen microorganisms, which in turn will limit microbial growth
efficiency and potentially impair the extent and the rate of digestion of the roughage. Thus provision of
nitrogenous and energy substrates to meet the requirement of rumen microbes is of primary importance to
improve digestibility of oaten chaff. The present experiment was designed to investigate whether rumen
degradation of oaten chaff can be improved by supplementing the animals with different sources of energy
and nitrogen.
Three wethers with an average initial body weight (BW) ± 40 kg, ± 8 months of age, were used in this
experiment. Each sheep was fitted with permanent fistula (40 mm) in the dorsal sac of the rumen and
received either one of three treatments: Oaten chaff (8 MJ ME/kg DM, 16g N/kg DM) fed daily ad libitum
as a control (C), C+FB (faba beans;12.8 MJ ME/kg DM, 45.50g N/kg DM), or C+BUS (barley grain;12
MJ ME/kg DM, 18.10g N/kg DM fortified with urea and sulfur). Either FB or BUS was given once daily
in the morning at the rate of 250 g/animal/day. Urea-sulphate solution was prepared daily by diluting 525
g urea and 105 g ammonium sulphate in 1 L warm tap water. BUS was provided by mixing 25 ml of the
solution with 250 g barley grain (air dry basis). Rumen fermentation parameters, pH and NH3, were
evaluated while rumen degradation characteristics of oaten chaff were determined using the in sacco
method described by Ørskov et al. (l980).
Average rumen pH of the sheep across treatments was similar (P>0.05); 6.59, 6.47, and 6.40 for C,
C+BUS and C+FB respectively while the rumen NH3 of the sheep receiving C was significantly lower
(P<0.05) than those receiving C+BUS or C+FB (5.15 vs 14.7 or 15.6 mg N/100 ml rumen fluid,
respectively). Data for rumen degradation characteristics of oaten chaff is presented in Table 1.
Table 1. Rumen degradation characteristics of oaten chaff.
Degradation
parameters
Treatment
a
b
a+b
c(%/h)
Lag(h)
C
27.62
33.44a
61.06a
0.041
4.37
C+BUS
27.94
41.88ab
69.82b
0.050
3.40
72.68b
0.046
3.67
C+F
27.50
45.18b
45.65a
0.036
5.57
NDF
C
-6.20
51.85a
C+BUS
-10.03
64.32b
54.29b
0.034
4.90
56.35b
0.031
4.77
C+F
-8.58
64.93b
ADF
C
-6.54
44.97a
38.43a
0.031
6.78
C+BUS
-6.92
54.43b
47.51b
0.027
6.47
49.28b
0.029
5.50
C+F
-6.21
55.49b
a,b
means within the same column and the same nutrient with different superscript were significantly different (P<0.05).
Nutrient
DM

Degradation characteristics of DM, NDF, and ADF were similar for a (soluble fraction), c (degradation
rate, %/h), and Lag time (h) but different for b (insoluble fraction) and a+b where the values were
significantly higher for animals given either C+FB or C+BUS compared with animals given C. In
conclusion, supplementation of oaten chaff with a single meal of either FB or BUS improved rumen NH3
levels without altering rumen pH and improved the degradation of insoluble fraction of oaten chaff
ØRSKOV,E.R., F.D.Deb.HOVELL, and F.MOULD. (1980). Trop. Anim. Prod. 5, 195-213.
Email: a.natsir@pgrad.unimelb.edu.au
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LIVEWEIGHT CHANGE AND WOOL GROWTH IN YOUNG SHEEP GRAZING A MIXED
SALTBUSH AND BALANSA CLOVER PASTURE
H.C. NORMAN A, D.G. MASTERS A, R.A. DYNES A, D.A. HENRY A, M.J. LLOYD B
A
B

CSIRO Livestock Industries, Private Bag No 5 Wembley, WA 6913
‘Bundilla’ Lake Grace, WA 6354

In south-western Australia, 10% or 1.8 million ha of the farmed area is affected by dryland salinity and
a further 6 million hectares are threatened (National Land & Water Resources Audit 2001). For much
of this area reclamation is not a realistic option and the challenge is to find a use for the land which
will provide an economic return and/or meet the environmental requirements of the broader
community. There is increasing interest in combinations of shrubs and pasture plants to manage water
tables and provide good quality animal feed at the same time. The aim of this study was to determine
performance of sheep grazing a mixed saltbush (Atriplex spp) and balansa clover (Trifolium
michelianum) pasture.
The study was carried out in a 25 ha paddock at Lake Grace (350 km south-east of Perth). The topsoil
salinity during summer was low (3 dS/m ECe) but the ground water (257cm below the soil surface)
was very saline (49 dS/m ECw, cf. seawater 55 dS/m ECw). The site had been recently re-vegetated and
consisted of saltbush rows (wavy-leaf – A. undulata, old man – A. nummularia and creeping – A.
semibaccata species) separated by inter-rows of sown balansa clover and volunteer capeweed
(Arctotheca calendula). The total width of the rows was 12 m, of which approximately 4 m was
saltbush and 8 m inter-row. The saltbushes (54% wavy-leaf, 31% old man and 9% creeping) covered
approximately 30% of the paddock. Of the 70% of the paddock that was inter-row, 59% was balansa
clover, 23% capeweed, 7% annual ryegrass (Lolium rigidum) and 5% pearlwort (Sagina apetala). On
February 5, 2001 (day 0), 200 weaner sheep (36 ± 0.5 kg) were introduced to the paddock, 50 of these
sheep were weighed on days 0, 19 and 74. Fifteen of the group were dyebanded on days 0, 19 and 74
for estimation of wool growth. From days 30 to 74 supplements of pea straw (in vitro digestibility
55.1%, crude protein 3.7%) were fed at the rate of approximately 150 g DM/day.
Saltbush on offer averaged 1626 kg DM/ha over the full 25 ha at the start of grazing. Non-saltbush
biomass totaled 575 kg DM/ha before grazing. The sheep preferentially grazed the non-saltbush
component of the pasture and removed only 54 kg DM/ha of saltbush in the first 19 days compared to
335 kg/ha of non-saltbush pasture. After 74 days of grazing, the inter-row contained only a few
ungrazed heliotrope (Heliotropium curassavicum) and samphire (Halosarcia spp) plants and feed on
offer had been reduced from 575 kg DM/ha to effectively 0 kg DM/ha. The saltbush component
dropped from 1626 kg DM/ha to 1005 kg DM/ha.
The weaners gained 80 ± 10 g/day for the first 19 days grazing and grew 8.3 ± 0.6 g/day clean wool.
Over the next 54 days they lost 8 ± 4 g/day liveweight and grew 7.8 ± 0.4 g/day clean wool. Average
staple strength of the fleeces at shearing (October 27, 2001) was 27.9 ± 1.4 N/ktex.
In conclusion, at the stocking rate of 8/ha, the young sheep were able to grow at a moderate rate when
balansa clover was available between the saltbush rows. A similar weight gain from a mixture of hay
(80%) and lupins (20%) would require the sheep to be fed approximately 1.3 kg/day and cost
$0.30/sheep.day (first 19 days) or 0.7 kg/day and cost $0.16/sheep.day (day 19-74) (Freer et al. 1997).
This project was partially funded through the Community Support Program of the Western Australian
State Salinity Council.
FREER, M., MOORE, A.D and DONNELLY J.R. (1997). Agric. Syst. 54, 77-126.
NATIONAL LAND & WATER RESOURCES AUDIT. (2001). ‘Australian Dryland Salinity Assessment 2000’,
(National Land & Water Resources Audit: Canberra).
Email: Hayley.Norman@csiro.au
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PLASMA INSULIN-LIKE GROWTH FACTOR–I (1GF-I) LEVELS IN PASTURE–FED
LACTATING HOLSTEIN-FRIESIAN COWS DURING THE POST-PARTUM PERIOD
F.Y.OBESE A , A.RABIEE B, K.L. MACMILLAN B, S. HUMPHRYS C AND A.R.EGAN A
A

School of Agriculture and Food Systems (ILFR), University of Melbourne, VIC 3010
Faculty of Veterinary Science,University of Melbourne,250 Princes Highway, Werribee,VIC 3030
C
Primegro Ltd, 28 Dalgleish St, Thebarton, SA 5031
B

Insulin-like growth factors (IGF-I and IGF-II) regulate cell growth, differentiation and differentiated cell
function by interacting with three cell surface receptors (IGF-IR, IGF-IIR, and insulin-R), which is inturn, modulated by six binding proteins (IGFBP-1-6). IGFs are synthesized and secreted by many tissues
and act as autocrine, paracrine and/or endocrine factors. IGFs and IGFBPs may be involved in mediating
the effects of nutrition on the reproductive system. Research in Europe and North America using
intensive feed-lot cattle systems has established a relationship between circulating IGF-I concentration
and changes in energy balance in high genetic merit dairy cows fed total mixed rations. This study aims to
evaluate the effect of dry matter and/or energy intake on plasma IGF-I concentrations in Australian
pasture-fed lactating dairy cows in early lactation.

IGF-I concentration (ng/ml)

Thirty-two Holstein-Friesian cows, 4-5 weeks post-partum, were randomly assigned to four treatment
groups (2x2 factorial design). Cows in the four groups received daily rations of dry matter (DM) and
metabolisable energy (ME) (Low-Low: 16.6kg DM and 174 MJ ME; High-Low: 17.3kg DM and 181 MJ
ME; Low-High: 15.4 kg DM and 211.5 MJ ME ; High-High: 17.9 kg DM and 215.9 MJ ME ) for five
weeks (3-week adaptation period, followed by 2 weeks of data collection). Blood samples were collected
from a coccygeal vein of cows and plasma IGF-I measured using the DSL-10-2800 ActiveTM Nonextraction IGF-I Enzyme–linked Immunosorbent Assay (ELISA) (Diagnostic Systems Laboratories, Inc,
Webster, Texas, USA). The ELISA was validated against IGF-I radio-immunoassay of de-fatted plasma
samples extracted by size-exclusion chromatography (HPLC) under acid conditions to separate IGFs and
IGFBPs.
Mean IGF-I concentrations over the five-week
150
Low-Low
High-Low
study ranged from 29.1- 96.4 ng/ml (Figure 1).
Low High
High-High
Dietary treatment influenced IGF-I levels, with
concentrations reflecting ME intake to a greater
100
degree than DM intake. Temporal patterns of IGF-I
during the five-week period (Figure 1) indicated
stabilization in plasma IGF-I levels for cows on all
50
treatments after the 3-week period of adaptation
and showed that inter-animal variation was greater
than within animal variation (Figure 1). The effects
0
Start
1
2
3
4
5
of nutrition on plasma IGF-I were significant
Study period (weeks)
(P=0.015) as analysed using repeated measures
ANOVA. ME intake increased circulating IGF-I
Figure 1. Nutritional effects on plasma IGF-I
levels to a greater degree than DM intake. This is
concentration
consistent with earlier research showing high
plasma IGF-I concentrations in dairy cows (Lucy et
al.1992) and heifers (Armstrong et al. 2001) offered high-energy diets compared to counterparts on low
energy diets. Therefore, IGF-I concentrations may be used to monitor energy balance and with diet
management alleviate the problem of negative energy balance accompanying early lactation in the dairy
cow. In conclusion, IGF-I levels in pasture-fed lactating dairy cows reflected nutritional status.
ARMSTRONG, D.G., McEVOY, T.G., BAXTER, G., ROBINSON, J.J., HOGG, C.O., WOAD, R., WEBB. R. and
SINCLAIR, K.D. (2001). Bio. Reprod. 64, 1624-32
LUCY, M.C .(1992). Reprod. Nutr. Dev. 32, 331-41
Email: fyobese@hotmail.com
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GROUP FARROWING IN LOW-COST SHELTERS
H.G. PAYNE, R.N. NICHOLLS and M. DAVIS
Department of Agriculture, Locked Bag No. 4, Bentley Delivery Centre, WA 6983.

Several group-farrowing systems that attempt to meet the behavioural needs of sows around
parturition have been developed in response to welfare concerns associated with the use of farrowing
crates (Pedersen et al. 1998). However, all require more floor area than crate farrowing systems.
This study investigated the use of a Swedish group-farrowing model in a low-cost farrowing shelter
(FS) to reduce the capital cost of providing increased space per sow place.
The FS (25.2 m L x 9.1 m W x 4.0 m H) comprised of a steel frame covered with white woven
polyethelene, with roll-up curtains suspended above concrete panels on the sides and mesh gates on
the ends. The floor was deep-litter (barley straw) on a concrete base with a raised feeding platform
(FP) formed across the centre of the FS. The FS was divided across the FP into two identical pens
(10.8 m x 9.1 m) each holding up to 10 sows and provided with four wet/dry feeders, a water trough
and piglet creep area positioned on the FP. De-mountable plywood farrowing cubicles (FCs) (2.4 m x
1.8 m x 1.2 m) with an entrance 0.45 m above floor level in the front of the FC were positioned in
rows of five on opposite sides of the pen. Two groups of 20 PIC® Camborough 22 gilts were used in
a batch farrowing program that operated for five to six parities. Groups of sows, scheduled to farrow
within seven days, were moved into the FS two days before the first sow was due to farrow, and
allowed unrestricted access to a lactating sow diet. The majority of sows either voluntarily selected
or were coaxed into FCs prior to farrowing. Sows that farrowed in communal areas were moved with
their litters into FCs at the first opportunity, and confined for a short time until settled. The FCs were
removed after ten to 14 days, allowing sows and piglets to mix freely. Creep feed and milk substitute
offered in the communal creep areas from 14 days pre- to seven days post-weaning. Weaning was
achieved by removing the sows and leaving piglets in situ until nine to ten weeks of age.
Table 1. Sow and litter performance in a group farrowing system.
Number of litters
Pigs born alive per litter
Stillbirth rate (%)
Pigs weaned per litter
Pre-weaning mortality (PWM) (%)

163
10.6
5.0
7.6
28.4

Birth weight (kg)
Weaning age (d)
Weaning weight (kg)
Age moved from shelter (d)
Weight at 69 days (kg)

1.6
29
8.5
69
31.6

While the number of pigs born alive, stillbirth rate, weaning and weight at ten weeks met industry
targets, PWM was unacceptably high but consistent with other studies (Pedersen et al. 1998).
Approximately 55% of deaths occurred within 72 hours of birth, of which 77% were classified as
overlays, although the proportion due to pre-existing conditions was not determined. Piglets of low
birth weight, from large litters, and from litters farrowed in communal areas were particularly
vulnerable. High feed intakes following unrestricted access to feed prior to farrowing may have
induced undetected Mastitis-Metritis-Agalactia in some sows, perhaps adversely affecting PWM.
Pre-weaning mortality tended to be higher in batches that farrowed in summer compared to other
seasons (32.4% vs 23.9%, P=0.127). Some sows were reluctant to occupy FCs in hot weather,
preferring to form unhygienic wallows in the deep-litter below spray cooling nozzles provided over
communal areas, indicating that deep-litter may not be appropriate for lactating sows in warm
climates. However, the high PWM experienced appeared to be a consequence of group-housing of
farrowing sows, rather than environmental conditions or the type of structure used. Although the
system investigated appeared to meet many of the behavioural needs of sows around parturition, and
provided a low-stress environment for piglets at weaning, any welfare benefits from farrowing sows
in an enriched environment were achieved at the expense of piglet survival.
PEDERSEN, B.K., JENSEN, K.H. and NIELSEN, N.P. (1998). Proc. 15th Int. Pig Vet. Soc. Congr.,
Birmingham, England, pp 273-280.
Email: hpayne@agric.wa.gov.au
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WOOL GROWTH AND LIVEWEIGHT GAIN IN SHEEP FED A SALTBUSH AND BARLEY
RATION
K. L. PEARCE AB, D. G. MASTERS A, C. FRIEND A, A. RINTOUL A and D. W. PETHICK B
A
B

CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913
School of Veterinary Studies, Murdoch University, Murdoch, 6150 WA

A practical way to manage the salinity problems in south-western Australia may be to revegetate
saline land with forage halophytes such as saltbush (Atriplex spp). These plants provide a medium
quality fodder that may increase carrying capacity on the farm. The aim of this work was to establish
the potential for saltbush to be used with supplementary grain for out-of-season production of sheep.
The effects of feeding saltbush on wool production and liveweight gain are reported in this paper.
In the study 39, 14-month old Merino hogget wethers (initial liveweight 38.8 ± 0.28 kg) were
individually penned in the animal house for 12 weeks. For the first 2 weeks all sheep were fed a
standard ration (20% lupins, 77.8% oaten hay, 2.2% Siromin). Following this they were divided into 3
groups of equal liveweight and fed one of three diets for 10 weeks: (1) old man saltbush (60%)
(Atriplex nummularia, hand collected from a site near Tammin, 200km east of Perth and oven dried at
65oC) plus barley (40%), (2) lupins (33%), barley (25%) and oaten hay (42%) control diet or (3) lupins
(30%), barley (22.5%), oaten hay (38%) and added salt to the equivalent composition of diet 1 (control
plus salt). Added salts included NaCl (5%), KCl (2%), MgCO3 (1%)and CaSO4 (1.5%). The three diets
were each fed an amount predicted to allow 60g/d liveweight gain (Grazfeed).
Sheep were weighed weekly and midside wool samples were collected 13 days before feeding the
treatments then at 10 and 68 days after the feeding trial began. Liveweight gain was calculated for
each sheep from the regression analysis of liveweight versus time from day 7 to day 67 of treatment.
Wool collected from each patch was scoured and clean wool growth calculated. Fibre diameter was
measured using OFDA. As an estimate of wool growth efficiency, wool growth is also expressed as a
proportion of liveweight gain (g clean wool/g liveweight gain). For this calculation, wool growth was
converted from g/100 cm2.day into g/day using the equation of Lines and Pierce (1931) to estimate the
area of skin growing wool. Treatment means were compared using ANOVA. Wool growth and fibre
diameter of wool grown prior to the experiment (first collection) was used as a covariate for the
analysis of treatment effects on wool grown during the final collection period.
Table 1. Liveweight gain, wool growth and fibre diameter during the treatment period
Diet
Saltbush + barley
Control + salt
Control
Wool growth (g/100cm2/d)
0.092 B ± 0.005
0.10 AB ± 0.005
0.11A* ± 0.005
Fibre diameter (micron)
19.7A ± 0.248
19.2A ± 0.258
18.4B ± 0.248
Wool growth/liveweight gain (g/g)
0.22A ± 0.017
0.13B ± 0.017
0.16B ± 0.017
A
B
Liveweight gain (g/day)
90 ± 0.6
62 ± 0.6
62A ± 0.6
*Values followed by different superscript are significantly different P<0.05

Sheep fed saltbush grew more wool with a higher fibre diameter than control sheep (Table 1).
Furthermore, these sheep also produced wool more efficiently. Hemsley (1975) showed that high salt
intakes increase digesta flow, decrease protein degradation in the rumen and increase wool growth,
however, this does not explain all the results as the control plus salt sheep did not grow wool more
efficiently. Reasons for the higher liveweight gain in sheep fed the control plus salt diet are under
investigation. In conclusion, the study has indicated the potential positive wool response to feeding
saltbush.
LINES, E.W. and PIERCE, A.W. (1931). Bulletin of Council for Scientific and Industrial Research Australia,
No 55.
HEMSLEY, J. A. (1975). Aust. J. Agric. Res. 26, 709-14.
Email: Kelly.Pearce@csiro.au
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EFFECTS OF LATHYRUS SATIVUS SEED EXTRACTS ON IN VITRO DRY MATTER
DIGESTIBILITY OF LUCERNE CHAFF
HAIHONG PENG, J. D. BROOKER and D.K. REVELL
Dept of Animal Science, The University of Adelaide, Roseworthy Campus, SA 5371

Lathyrus sativus, a protein rich legume, has the potential to be used as animal feed. However, it
contains the non-protein amino acid, oxalyl-L-α,β -diamino propionic acid (ODAP) which has
neurotoxin activity in humans and livestock. The symptoms range from inability to walk to complete
paralysis of the lower limbs and in extreme cases, death (Getachew et al. 1994). An experiment was
conducted to investigate the effects of L. sativus seed extracts on in vitro dry matter (DM) digestibility
of lucerne chaff.
A flask containing 300 ml of 60% ethanol and 100 grams of ground L. sativus seed was placed in a
shaker at room temperature for 6 hours. After extraction, the mixture was centrifuged and the
supernatant was vacuum reduced to 2/3 of the original volume. The ODAP concentration was
measured by the method of Rao (1978).
Freshly collected rumen fluid from sheep on a maintenance diet was immediately transferred to an
anaerobic hood and filtered through 4-layers of cheesecloth. 1 ml of rumen fluid was inoculated into a
tube containing 30 ml basal medium and 0.4 grams of ground lucerne chaff, and 4 levels of ODAP
extracts (0, 52, 104 and 157µg/ml) were added. Triplicated samples for each treatment were incubated
at 39 OC in an anaerobic hood for 24, 48 and 72 hours. After each incubation period, the samples were
centrifuged, washed, dried and weighed.
The results in table 1 show that within each incubation period, the DM digestibility of lucerne chaff
was significantly reduced with increasing levels of ODAP extract. The greatest loss of digestibility for
24, 48 and 72 hours incubation was 17.4%, 12.4% and 11.3% respectively. The digestibility of lucerne
chaff in each treatment increased with incubation time, and the highest ODAP group always had the
lowest digestibility.
Table 1. Effects of different levels of extracts on DM digestibility of lucerne chaff (g/g)
Incubation time (hours)
24
48
72

Level 1
0.4431a.±0.0030
0.5242 a.±0.0013
0.5339 a.±0.0023

Level2
0.4202 b.±0.0055
0.5059 b.±0.0017
0.5124 b.±0.0031

Level3
0.3932 c.±0.0026
0.4795 c ±0.0015
0.4868 c ±0.0009

Level4
0.3563 d ±0.0072
0.4603 d ±0.0015
0.4738 c ±0.0072

Values with different superscript are significantly different at P=0.05
The significant drop in DM digestibility may be due to an interaction of ODAP with rumen
microorganisms. This is supported by a report that found that ODAP was toxic to non-ruminal
organisms such as Neurospora crassa, Staphylococcus areus, Escherichia coli and Candida albicans
(Adiga et al. 1962). Other unknown compounds contained in the crude extracts may also be
responsible for this effect. Getachew et al. (2000) found that tannins were a major contributor to the
inhibition of rumen microbial activity and reduced rumen fermentation of various toxic plants.
Therefore, further work is required to investigate the effects of ODAP on microbial growth and
whether tannins are also present in L. sativus.
ADIGA, P.R., PADMANABAN,G., RAO,S.L.N. and SARMA,P.S. (1962). J. Sci. Ind. Res., Sect C21, 284-6.
GETACHEW, A. and NARAYAN,R.K.J. (1994) Annals Botany 74, 209-15.
GETACHEW, G., MAKKAR,H.P.S. and BECKER, K. (2000). J. Agric. Food Chem 48, 3581-8
RAO,S.L.N. (1978) Anal. Biochem. 86, 386-395
Email: john.brooker@adelaide.edu.au
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COGRAZING CATTLE AND CAMELS
A.PHILLIPS A, J.HEUCKE B, B.DÖRGES B, G.O’REILLY B and C.HILL B
A
B

Mt Playfair, Tambo Qld 4478
Dept of Business, Industry and Resource Development, PO Box 8760, Alice Springs NT 0870

Camels are a potential resource adapted to and present in Central Australia. Cograzing cattle and
camels represents an opportunity for agricultural enterprise diversification for beef producers in the
region. A trial was carried out on “Waite River” station to establish data on livestock production and
the vegetative effects of cograzing camels with cattle.
The trial comprised two previously spelled paddocks, Muller and DPI paddocks, 8.4 km2 and 20.9 km2
respectively. To estimate pasture impacts, conservatively stocked adjoining paddocks on the
neighbouring station were used as a control. For two years Muller paddock was cograzed and the DPI
paddock ran steers only. To account for any paddock effects on animal performance, a reversal of the
grazing regime was run between August 2000 and May 2001 in the final year. In each paddock,
pasture comparative yield, percentage frequency of each species and percentage of ground cover was
measured at selected sites within each of two land types, “run-on” or “run-off” (depending on surface
water flows after rainfall).
Radio collars were used to record camel location and daily activity. Plant species browsed or grazed
was recorded and food intake was measured. Muller paddock camel browsing intensity on trees and
shrubs was measured at twenty vegetation transects. Comparative transects were established in the
control and DPI paddocks.
Steer stocking rates for the Muller and DPI paddocks were 4.2 and 3.6 steers per km2 respectively,
using a combination of local producer knowledge, land types and pasture yields. Steers were
introduced to the paddocks at six and twelve months of age, with relatively uniform liveweights.
Uramol® blocks were provided during dry seasonal conditions. During the trial, half the steers from
the cograzed Muller paddock were swapped with steers of equal liveweight from the DPI paddock.
The trial commenced with fourteen camel cows and one camel bull at a stocking rate of approximately
two adult camels per km2. Dry conditions during the trial dictated herd replacement with nine young
bull camels and the stocking rate reduction to one camel per km2. This stocking rate was also used for
the reversed grazing regime.
Camels did not deprive the cattle of any important pasture grass species during varying seasonal
conditions. Grazing impact on trees and shrubs was largely driven by seasonal conditions. Increases
in canopy cover of up to 30% were observed under unusually high rainfall conditions whilst 15%
decreases in canopy cover resulted from camel grazing in poor conditions.
Cattle growth patterns reflected seasonal conditions with annual average daily weight gains ranging
from 0.41 to 0.45 kg per day, and 0.63 kg per day in the high rainfall period. Cograzing with camels
did not appear to limit steer performance, presumably due to lack of competition for feed resources.
Bull camels achieved average daily weight gains of up to 0.26 kg per day, on exclusion of rutting
behaviour. Importantly, camel rutting behaviour did not affect cattle weight gains.
Cograzing camels with cattle substantially increased the weight of livestock grazed per km2. Running
young bull camels with steers resulted in camel weight gains accounting for 10% of the total livestock
weight produced per km2 in 1999/2000 and 16% in 2000/2001.
PHILLIPS, A., HEUCKE, J., DÖRGES, B. and O’REILLY, G. (2001). Cograzing Cattle and Camels: Report
for the Rural Industries Research and Development Corporation, June 2001. RIRDC Publication, 01/092.
Email: claire.hill@nt.gov.au
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DEMONSTRATION OF VARIATION IN MERINO SIRE PERFORMANCE USING ONFARM PROGENY TESTING
T. POLLARD A, M. FERGUSON A, K. KONSTANTINOV A, L. KUBEIL B and P.HEAZLEWOOD A
A
B

Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton Victoria.
Department of Natural Resources and Environment, Catchment and Agriculture Services, Benalla Victoria

Analysis of wether trials on a national basis has shown a huge range in the performance of bloodlines
(Coelli et al. 2000). The identification and purchase of genetically superior sires depends on the
availability of comparative data, and its understanding by commercial producers. The aim of this trial
was to demonstrate to woolgrowers the variation which exists between and within bloodlines.
Progeny-testing case studies were conducted on 46 properties between 1997 and 2001. Assistance was
provided to commercial wool producers to set up comparisons on their own farms. The case studies
involved comparison of individual sires and bloodlines. Ewes were randomly allocated to mating
groups, run in separate mobs for joining and lambing and managed as one mob throughout pregnancy.
All lambs were identified to their sire group at weaning and subsequently managed as one mob.
Fleece weight of the progeny was recorded at the hogget-shearing with 10-12 months wool growth.
Mean fibre diameter was measured using commercial testing laboratory methods on mid-side samples
taken pre-shearing. Estimated Breeding Values (EBVs) were calculated using BLUP analysis and
standard 'Rampower' genetic parameters. The analysis used sire relationships only with sex as a fixed
factor and animal as a random factor. Fleece values are based on AWEX 5-year average wool prices.
The performance of 7,668 progeny of 216 individual sires was measured at 35 on-farm sites. The
number of rams compared at each site ranged from 2 to 15. Table 1 presents a summary of results.
Table 1. Mean and maximum differences in sire performance for 35 test sites
Max. sire difference*
EBV+ Fibre diameter (microns)
3.9
EBV Fleece weight (%)
54
19.06
Fleece value ($)▲
*Site showing the greatest difference in performance between best and poorest rams.
▲
Based on 5-year average wool prices. +Estimated Breeding Value

Mean sire difference over all sites
2.0
21
7.25

Eleven properties conducted ram-source comparisons, comparing 23 different bloodlines. A summary
of the results is given in Table 2.
Table 2. Mean and maximum differences in bloodline performance for 11 test sites.
Max. bloodline difference*
Mean bloodline difference over all sites
Fibre Diameter (microns)
1.0
0.5
Fleeceweight (kg)
0.55
0.21
Fleece Value ($)▲
5.62
2.20
*Site showing the greatest difference in performance between best and poorest bloodlines.
▲
Based on 5-year average wool prices.

The fibre diameter and fleece weight differences among the progeny from individual sires resulted in
an average difference in fleece value on any test site of more than $7 per head of progeny and a
maximum difference of nearly $20 per head. The average difference in fleece value among the
progeny groups of different bloodlines was more than $2 per head. These results demonstrate the large
genetic variation within the Merino population and the potential for woolgrowers to effectively exploit
it to improve their profitability. This depends on the availability to woolgrowers of useful objective
information from the stud sector and its understanding and use in the selection of rams. Objective
information such as EBVs can be made available for most of the economically important wool traits.
COELLI, K.A., ATKINS, K.D., CASEY, A.E. and SEMPLE, S.S. (2000) NSW Agric. Agnote DA1-52 Second
Edition.
Email: trevor.pollard@nre.vic.gov.au
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A COMPARISON OF BREED AND CASTRATION ON PHYSICAL CHARACTERISTICS
OF GOAT MEAT
N.M.W. PRATIWI, D.G. TAYLOR, J. SUMARMONO, and P.J. MURRAY
School of Animal Studies, University of Queensland, Gatton Campus, QLD 4343

Most goat carcasses are low in fat when compared to other species such as sheep. In other animal
species, breed has a major influence on meat colour, cooking and palatability traits of tenderness and
juiciness (Sanudo et al. 1997), while castration influences the characteristics of meat at slaughter and
the amount of intramuscular fat (Lawrie 1998).
To determine if these traits in goats were influenced by breed and castration, we slaughtered 20 six
months old Boer and Feral bucks at 30 kg body weight. Five of each group were castrated using
elastrator rubber rings. During the experiment, all bucks were reared under pasture conditions and had
free access to goat pellets and grassy lucerne hay. Muscles of Longissimus thoracis et lumborum (LL),
Vastus group (Vas), and Tricep brachii (TB) were sampled for cooking loss and shear force
assessment. A Minolta Chromameter (L*, a* and b* values) was used to measure meat colour as well
as subjective evaluation using a 9-point colour scale (1=pale red, 9=red). At the same time pH at 24 h
was evaluated at the loin eye muscle area at rib 12/13th while fat colour was measured on the pubic
area of ventral abdomen subcutaneous fat using a 9-point colour scale (0=white, 9=yellow).
Table 1. Effect of breed and castration on physical characteristics of meat
Components

Mean
BC1
5.7
45.9
40.9ab
40.0a
6.6
5.5
4.9

BE2
5.7
46.2
42.4a
39.4a
7.5
6.6
4.4

SE
FC3
5.8
40.6
27.3c
27.0b
7.5
6.8
4.8

PH
Cooking loss LL (%)
Cooking loss Vas (%)
Cooking loss TB (%)
Shear force LL (kg/cm2)
Shear force Vas (kg/cm2)
Shear force TB (kg/cm2)
Muscle colour:
15.7b
25.3a
a* value
23.9a
b* value
4.3
3.9
3.1
42.2c
44.3bc
L* value
50.4a
2.6ba
4.8a
Subjective score
3.6b
ba
b
Fat colour
3.6
2.6
4.8a
Total pigment (mg/g)
2.4
1.8
5.1
a,b,c
means within the rows with different superscripts are significantly different (P<0.05)
1
Boer castrated, 2Boer entire, 3Feral castrated, 4Feral entire

FE4
5.8
42.3
31.1bc
32.3ba
8.4
6.0
5.2

0.05
1.46
2.60
2.29
0.59
0.74
0.35

26.1a
2.9
46.9ba
3.8a
3.8ba
4.5

0.78
0.48
1.13
0.45
0.45
0.96

Entire Boer bucks had a significantly (P<0.01) higher percentage cooking loss for Vastus than Boer
and feral castrated bucks as well as feral entire bucks, while for Tricep brachii cooking loss, castrated
Boer bucks had a higher percentage (P<0.01). The value of a* and L* for entire Boer bucks were
significantly (P<0.01) lower than entire feral bucks while the score of fat colour was significantly
(P<0.05) higher in castrated feral bucks than for other group. In conclusion, breed and castration have
a major influence on some physical characteristics of meat such as cooking loss, meat colour and fat
colour.
SANUDO, C., CAMPO, M.M., SIERRA, I., MARIA, G.A., OLLETA, J.L. and SANTOLARIA, P. (1997).
Meat Sci. 46, 357-65.
LAWRIE, R.A. (1998). ‘Meat Science’. 6th Edition. (Cambridge: Woodhead Publishing Ltd).
Email: nmw@sas.uq.edu.au
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CHEMICAL COMPOSITION OF GOAT MEAT: THE EFFECT OF BREED AND
CASTRATION
N.M.W. PRATIWI, P.J. MURRAY, J. SUMARMONO and D.G. TAYLOR
School of Animal Studies, University of Queensland, Gatton Campus, QLD 4343

Many studies over the past three decades have been conducted on meat quality, but not many on meat
from goats. In general, the quality of meat and therefore its chemical composition from an animal is
influenced by breed, sex, age, castration, slaughter weight, muscle type, and feeding condition of the
animal (Sanudo, 1997; Lawrie, 1991; Jeremiah et al. 1999). This study was designed to determine if
chemical composition of goat meat was influenced by breed and castration.
The meat came from 20 six month old bucks. Five entire Boer bucks (BE), 5 castrated Boer bucks
(BC), 5 entire feral bucks (FE) and 5 castrated feral bucks (FC) were slaughtered at 30 kg live weight.
They all grazed on pasture and had unlimited access to goat pellets and grassy lucerne hay.
Semimembranosus muscle was collected for proximate analysis (moisture, protein, ether extract and
ash) as per AOAC (1990). Each analysis was duplicated for meat sampled from each animal.
Table 1. The effect of breed and castration on average moisture, crude protein, ether extract and ash as a
percentage of the weight of fresh meat
Proximate components (%)

Mean
BC
BE
FC
Moisture
76.21ba
77.54a
74.90b
Protein
19.74
19.31
20.13
0.80b
1.36a
Fat (ether extract)
1.51a
Ash
0.93
0.94
0.99
a,b,c
means within the rows with different superscripts are significantly different (P<0.05)

SE
FE
75.98ba
19.07
1.33a
1.07

0.51
0.58
0.12
0.06

Breed and castration had no significant effect on the percentage of protein and ash, but there were
significant differences in moisture (P<0.05) and intramuscular fat content (P<0.01) of
Semimembranosus muscle. The moisture content of the meat was affected by breed and castration,
with meat from entire Boer bucks having a higher percentage than castrated Boer and feral bucks and
entire feral bucks. Castrated animals for both breeds produced more intramuscular fat than entire
goats. The highest percentage of fat was found in meat from castrated Boer bucks.
These observation confirm that the moisture content of Semimembranosus muscle is influenced by
breed and castration while intramuscular fat content is more affected by castration. The intramuscular
fat content was similar to previous studies using other animal species (Lawrie, 1998).
AOAC (1990). ‘Official Methods of Analysis’. 15th Edition. (Association of Official Analytical Chemists,
Washington, DC).
JEREMIAH, L.E., GIBSON, J.P., GIBSON, L.L., BALL, R.O., AKER, C. and FORTIN, A. (1999). Food Res.
Int. 32, 59-71.
SANUDO, C., CAMPO, M.M., SIERRA, I., MARIA, G.A., OLLETA, J.L., SANTOLARIA, P. (1997). Meat
Sci. 46, 357-365.
LAWRIE, R.A. (1998). ‘Meat Science’. 6th Edition. (Cambridge: Woodhead Publishing Ltd).
Email: nmw@sas.uq.edu.au
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REAL-TIME RT-PCR ANALYSIS OF THE ONTOGENY AND NUTRITIONAL REGULATION
OF MYOSTATIN mRNA EXPRESSION IN SKELETAL MUSCLE OF FETAL SHEEP.
S.P. QUIGLEY A, D.O. KLEEMANN A, J.A. OWENS B, C.S. BAWDEN A, P.A. SPECK A and G.S.
NATTRASS A.
A
B

SARDI Livestock Systems, Turretfield Research Centre, SA 5350
Department of Physiology, University of Adelaide, SA 5005

Muscle fibre characteristics are not solely genetic in origin, but are influenced before birth with the prenatal environment contributing significantly to the potential growth of muscle. The main variable affecting
the pre-natal environment is that of nutrition, via placental restriction, as mediated by maternal nutrition
and/ or litter size.
Myostatin is a negative regulator of myogenesis. ‘Myostatin knockout’ mice display greater muscle mass
(McPherron et al. 1997), while double-muscled cattle, which have a mutation in the myostatin protein
(Kambadur et al. 1997), have double the number of muscle fibres of other breeds (Wegner et al. 2000).
The aims of the present experiment were to examine a) the developmental expression of functional
myostatin in fetal sheep, and b) the influence of maternal nutrition on myostatin expression.
Mature age Merino ewes (n=119) were stratified on live weight and randomly allocated to 2 nutritional
treatments at 1.8 and 0.6 times maintenance requirements (High (H) n=60, and Low (L) n=59,
respectively) and fed a pelleted diet prior to, and throughout, pregnancy. Pregnant ewes, from each
treatment group, were stratified on litter size and live weight and randomly allocated to one of three
sample points (day 50, 92 and 133 of gestation). Ewe live weight and condition score were significantly
different at each sample point (p<0.01). Ewes were euthanased and the fetuses recovered, weighed and
dissected and muscle samples taken. Fetal weights tended to be less in fetuses from low nutrition ewes,
although this was only significant for day 133 fetuses (P<0.01).
Relative abundance of myostatin mRNA was determined from a standard curve and normalised to 18S
rRNA, by real-time RT-PCR. Our preliminary analysis on a subset of muscle samples (n=30), indicates
for the first time the differential expression of myostatin mRNA during gestation (P<0.01) and some
evidence for nutritional regulation (P<0.1) during fetal sheep development (Table 1).
Table 1. The effect of maternal nutrition on the abundance of myostatin mRNA, normalised to 18S rRNA and
expressed as a percentage of mean myostatin abundance of day 50 Low (100%), in muscle of fetal sheep at
different stages of gestation.
Stage of Pregnancy
(days)
50
92
133
a, b

Level of Nutrition
Low (n=15)
High (n=15)
152a
100a
106a
148a
b
19
28b

Values with different superscripts are significantly different (P<0.05).

The ontogeny of myostatin expression in fetal sheep is in concurrence with other reported declines in late
gestation cattle and pig fetuses. The possible interaction between myostatin and nutrition warrants further
investigation. We are currently analysing more samples to examine expression levels in different muscle
types and the effect of litter size. The nutritional and developmental influences on myostatin expression at
the protein level and the relationship with muscle cell development will also be examined.
KAMBADUR, R., et al., 1997. Genome Res. 7, 910.
McPHERRON, A., et al., 1997. Nature 387, 83.
WEGNER, J., et al., 2000. J. Anim. Sci. 78, 1485.
Email: quigley.simon@saugov.sa.gov.au
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EFFICACY OF LOW RESIDUE LONG WOOL LOUSE CONTROL TREATMENTS
N. RICHARDS A and P.J. JAMES B
A
B

Department of Animal Science, Roseworthy Campus, University of Adelaide, Roseworthy, SA 5371.
South Australian Research and Development Institute, Livestock Systems Alliance, Roseworthy, SA 5371.

Changing environmental legislation in major wool markets may lead to marketing difficulties for wool
containing high levels of insecticide residues. A large proportion of the total Australian wool residue
load results from long wool treatments for lice and flystrike control. This study tested the effectiveness
of potential low residue methods for controlling lice infestations in long wool sheep.
Lice were counted in 24, 10 cm wool partings along the sides of 30 medium wool merino sheep with
11 months wool. The sheep were then allocated to four treatment groups and a control of 6 sheep each,
balanced for pre-treatment louse counts. The treatments used were spinosad (Extinosad) applied at
concentration of 25 mg/L, a mixture of magnesium fluorosilicate at 2025 mg/L, rotenone at 75 mg/L
and sulfur at 1535 mg/L (Flockmaster MkII), an insecticidal soap registered for use against plant
pests with active constituents mixed at 1793 mg/L potassium oleate, 1627 mg/L potassium linoliate,
91 mg/L potassium palmitate and 58 mg/L potassium stearate (Natrasoap) and water. Sheep in the
control group remained untreated. All treatments were applied by hand jetting using a Dutjet
handpiece with a 5 hp centrifugal pump which delivered 5.5 L from the handpiece in 20 seconds.
Sheep were jetted with one sweep of the handpiece along each side of the backline, timed to deliver
5.5 L per animal. The degree of penetration into the wool was monitored by the addition of 0.4 g/L
methylene blue to the jetting fluid. Sheep were inspected and louse numbers assessed as above at 1, 2
and 6 weeks after treatment, except for the water treated group which was removed from the study
after week one because of flystrike risk. Louse counts were analysed after log transformation by one
way analysis of variance within dates with pre-treatment louse count as a covariate.
Methylene-blue marking indicated that all treatments, except for water, gave relatively good treatment
coverage. However, there were some unmarked areas, particularly low on the back legs on sheep in
most groups. Change in louse densities over the period of the study is shown in Figure. 1.

Mean lice per 10 cm part

4
3

a

2

ab

a
a
a

Extinosad®
Flockmaster®
Natrasoap®
Water
Untreated

b

1

c

b

b

0
1

2

6

Week after treatment

± standard errors) before and after treatment. Data points within times marked
Figure 1. Louse counts (±
with different letters are significantly different (P<0.05)

The reductions in louse densities at 1 and 6 weeks after treatment, calculated using the formula of
Henderson and Tilton (1955), were 98% and 98% respectively for Extinosad, 98% and 99% for
Flockmaster, 66% and 0% for Natrasoap and 32% at 1 week for water. The only live lice found on
sheep treated with Extinosad or Flockmaster were in unmarked areas of the fleece, demonstrating the
importance of thorough application for good control. This study provided a severe test of the
treatments in that the sheep were carrying 11 months wool and were moderately to heavily infested.
HENDERSON, C.F. and TILTON, E.W. (1955). J. Econ. Entomol. 48, 157-61.
Email: james.peter@saugov.sa.gov.au
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CARRY-OVER EFFECTS ON GROWTH AND INTRAMUSCULAR FAT OF CATTLE
BACKGROUNDED ON DIFFERENT GROWTH PATHWAYS
D.L. ROBINSON A, M.J. McPHEE B, V.H. ODDY BC and R.W. DICKER D
Cooperative Research Centre for Cattle and Beef Quality
A
Animal Genetics and Breeding Unit, University of New England, Armidale, NSW, 2351
B
NSW Agriculture Beef Industry Centre, University of New England, Armidale, NSW, 2351
C
Present address: Meat and Livestock Australia, 165 Walker Street, North Sydney, NSW 2060
D
NSW Agriculture Research and Advisory Station, PMB, Glen Innes, NSW 2370

The profitability of producing cattle to meet specifications based on weight and fatness may be
influenced by the effect of prior growth on subsequent growth and body composition. A preliminary
analysis by Robinson et al. (2001) examined the effect of divergent growth during backgrounding
(weaning to commencement of finishing) upon growth during finishing, subcutaneous fat thickness,
carcass intramuscular fat percentage (IMF%) of M. longissimus and meat yield following finishing
either on pasture or a grain based diet to 2 market endpoints. The results presented in this paper
summarize the carry-over effects on growth and IMF% of backgrounding on 3 different growth
pathways.
Cattle were grazed on temperate perennial pastures on the Northern Tablelands of NSW, Australia
(n=150, 345 and 287, respectively for years 1994 to 1996). Angus, Hereford, Murray Grey and
Shorthorn steers were grown out either without supplementation (P1) with supplementary feeding of
high protein pellets (P2) or with access to a forage crop (P3) to a target live weight (LW, representing
the mean of all 3 pathways) of 400 kg. Ayres et al. (2001) and Dicker et al. (2001) provided details of
the grazing systems and the growth pathways. Cattle were finished either on pasture or in the feedlot,
for Korean (average LW 520 kg) or Japanese (average LW 600 kg) markets. The statistical model
included effects for sire, breed, herd of birth, carcass weight and age.
Table 1. Carcass intramuscular fat (M. longissimus, % adjusted for carcass wt) of cattle grown out on
pasture plus forage (P3), pasture plus pellets (P2) or pasture only (P1) for Korean and Japanese markets
by finish (F, feedlot; P, pasture) and year, plus a combined analysis for all 3 years
Year
1994
1995
1996

Finish
F
P
F
P
F
P

P3
n.a.
5.8
6.4
5.5
5.7
5.2

Korean Market
P2
P1
n.a.
n.a.
4.3
4.1
6.8
6.8
5.2
5.0
5.7
5.5
4.6
4.8

s.e.d
n.a.
1.7
0.8
0.8
0.5
0.5

P3
6.2
6.1
7.5
5.6
9.5
6.7

Japanese Market
P2
P1
5.3
5.6
5.8
5.6
7.4
6.8
5.0
4.6
8.5
9.0
5.8
6.0

Combined
F
6.3
6.1
6.2
7.6
7.1
7.1
analysis
P
5.4
5.1
5.0
6.2
5.7
5.5
n.a. - data not available AAverage s.e.d. between estimates for each market x finish x growth pathway

s.e.d.
0.8
0.9
0.8
0.8
0.5
0.5
0.3A
0.3A

In general, mean growth rates during finishing were inversely related to mean growth rates of the
different growth pathways during backgrounding. For example, P3 and P2 steers averaged 43 and 19
kg more weight gain during backgrounding than P1 steers, but averaged 20 and 10 kg less weight gain
during finishing. Thus the higher mean weight gains of P3 and P2 during backgrounding were
partially compensated for by lower mean gains during finishing. Table 1 shows: (i) that method of
finish (feedlot or pasture) had the greatest effect on IMF% in all years and (ii) that P3 steers had
higher mean IMF% for both feedlot and pasture finished steers at Japanese market weights. Though
the differences were not large enough to be statistically significant in any single year, the combined
analysis of all 3 years showed that steers from pathway P3 had significantly more IMF% at Japanese
market weights than P1 steers. These results indicate that the better nutrition of animals backgrounded
on pathway P3 resulted in higher weight gains and more IMF%.
AYRES, J.F., DICKER, R.W., McPHEE, M.J., TURNER, A.D., MURISON, R.D. and KAMPHORST, P.G.
(2001). Aust. J. Exp. Agric. 41, 959-69.
DICKER, R.W., AYRES, J.F., McPHEE, M.J., ROBINSON, D.L., TURNER, A.D., WOLCOTT, M.L.,
KAMPHORST, P.G., HARDEN, S. and ODDY, V.H. (2001). Aust. J. Exp. Agric. 41, 971-9.
ROBINSON, D.L., ODDY, V.H., DICKER, R.W. and McPHEE, M.J. (2001). Aust. J. Exp. Agric. 41, 1041-9.
Email: drobinso@mendel.une.edu.au
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THE EFFECT OF PRENATAL STRESS ON THE STRESS PHYSIOLOGY AND
LIVEWEIGHT OF LAMBS
S.ROUSSEL A and P.HEMSWORTH B
A

INRA, Laboratoire de Nutrition et Alimentation de l’INA-PG, 75 005 Paris, France
Animal Welfare Centre, University of Melbourne and Department of Natural Resources and Environment,
Werribee, 3030 Vic, Australia
B

Studies predominantly in rats and humans indicate that prenatal stress can impair the ability of animals
to cope with stress. While farm animals may frequently encounter prenatal stress, this topic has
received little research attention. Based on these studies in other species, prenatal stress may have
substantial implication for the productivity and welfare of young and adult farm animals by reducing
the animal's ability to adapt to environmental changes (Braastad, 1998). For example, prenatal stress
can have short adverse effects on embryonic mortality and birth-weight of rats and long term adverse
effects on fear and learning ability. We recently conducted a major project to examine the effects of
prenatal stress in lambs and this paper reports on the effects on the stress physiology and live weight
of lambs.
Experiments have been conducted in Australia and France on the effect of prenatal stress on small
ruminants. In Australia, a group of 24 ewes were stressed by isolation for 1 h on each of 10 occasions
during the last third of gestation while another group of 24 ewes remained undisturbed. Habituation to
the stressor was assessed at the 1st, 5th and 9th stress bout. Blood samples were taken before isolation,
15 minutes after the beginning of isolation and at the end of isolation. The plasma cortisol
concentrations of lambs were measured at 1 month and 8 months of age from blood samples collected
at 30-minute intervals from 1530 to 1630 h. A stimulation of the hypothalamo-pituitary axis (HPA)
was performed at 1 month by injecting ACTH at 1 UI / kg body weight. Lambs were weighted at birth,
1 month and 8 months of age.
For the ewes, the integrated cortisol response measured during isolation decreased by 64 % from the
1st bout of isolation to the 9th bout of isolation suggesting habituation to this stressor. The average
plasma cortisol concentration was higher in prenatally stressed lambs than control lambs at 1 month of
age but not at 8 months of age (19.1 v. 14.7 nM, P<0.04 and 29.3 v. 25.4 nM, P>0.39, respectively).
No difference was found between the treatments in plasma cortisol concentration after stimulation by
ACTH. The prenatally stressed lambs were heavier at birth and had a tendency to be heavier at 1
month of age than the control lambs (Table 1).
Table 1. The effect of prenatal stress on live weight (kg) of lambs
Weight (kg) at:
Birth
1 month of age
8 months of age

Prenatally
stressed
4.56
11.4
37.2

Control
4.06
10.4
35.7

LSD
(P = 0.05)
0.490
1.11
2.60

P
0.041
0.058
0.256

The higher basal cortisol concentration for prenatally stressed lambs compared to control lambs shows
a modification of the hypothalamic-pituitary adrenal axis existing at least during the first month after
birth. This result is within the range of results found in France on goats (Roussel et al. 2000). The
effects on early live weight are surprising. These effects suggest that mild prenatal stress has no
adverse effect on live weight. In fact, mild prenatal stress may increase birth-weight of lambs with
possible implications for survival. There is some limited support for this finding from studies on cattle
(Lay et al. 1995), but clearly these results require confirmation.
BRAASTAD, B.O. (1998). Appl. Anim. Behav. Sci. 61, 159-80.
LAY, D.C., RANDEL, R.D., FRIEND, T.H., JENKINS, O.C., NEUENDORFF, D.A., BUSHONG, D.M.,
LANIER, E.K., and BJORGE, M.K. (1995). J. Anim. Sci. 73, 126.
ROUSSEL, S., DUVAUX-PONTER, C., BOISSY, A. and SAUVANT, D. (2000). in 7ème Rencontres Recherche
Ruminants, 6th-7th of December 2000.
Email: roussel@inapg.inra.fr
346.

Anim. Prod. Aust. 2002 Vol. 24: 347

ADJUSTMENT OF THE MEASUREMENT OF BEEF CARCASS EYE MUSCLE AREA FOR
RIB SITE
D.L. RUTLEY A, M.P.B. DELAND B and W.S. PITCHFORD A
A
B

Dept. of Animal Science, Livestock Systems Alliance, Adelaide University, Roseworthy, SA 5371
Struan Agricultural Centre, SARDI, Naracoorte, SA 5271

Use of Eye Muscle Area for prediction of saleable beef yield or portion control is impracticable. This
is because eye muscle area varies systematically along its length and the area of this muscle is often
measured at different rib sites. The use of different sites is a practical requirement of customers who
demand different carcass cutting lines to increase the value of their product in different markets. For
eye muscle area measurements to be practically useful, it is necessary to know the relationship
between the muscle area measured at different sites. This will allow the area to be adjusted to a
common rib site for the purpose of comparison.
The area of the eye muscle was traced and later measured at 3 rib sites (4/5th, 10/11th and 12/13th) of
241 steers boned out for the Southern Crossbreeding and J.S. Davies Gene Mapping Projects (Ewers
et al. 1999). Data were analysed using an animal model with SAS Proc Mixed. The robustness of the
adjustments were tested using SAS Proc GLM with breed, measures of carcass size and musculature.
It was found that area differences were consistent across breed, carcass size and muscularity.
Furthermore these adjustments could be defined as simple percentage differences from any rib site
(Table 1). The longitudinal shape of the muscle can be seen in Figure 1 and has been compared to the
work of Baud et al. (1998).
Table 1. EMA and percent adjustments for different rib sites
EMA (cm2)
18
26
36
48
59
69
75
78
77

EMA as percent of EMA at the
10/11 rib site (%)

Rib site
4/5th
5/6 th
6/7 th
7/8 th
8/9 th
9/10 th
10/11 th
11/12 th
12/13 th

Proportion of area at the 10/11th rib site (%)
24
35
48
63
78
91
100
104
102

120
102

100

100

80
54

60

Present study, carcass
Baud et al., 1998

40
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24
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Figure 1. Longitudinal shape of the eye muscle, comparison with Baud et al. (1998)
BAUD, S., WADE, C.M. and GODDARD, M.E. (1998). Aust. J. Agric. Res. 49, 285-91.
EWERS, A., PITCHFORD, W., DELAND, M., RUTLEY, D. and PONZONI, R. (1999). SARDI Research
Report
Email: drutley@roseworthy.adelaide.edu.au
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AN ASSESSMENT OF THE ACCURACY AND REPEATABILITY OF VISUAL CONDITION
SCORING OF BEEF CATTLE
T.J. SCHATZ and P.E.R. RIDLEY
Northern Territory Department of Business Industry and Resource Development. PO Box 3000, Darwin NT 0801.

Subjective visual condition scoring is a common method of assessing the body condition of cattle for
research in northern Australia. This study examined the accuracy and repeatability of people using a visual
condition scoring system (described by Holroyd 1978) where animals are assigned a score from 1 to 9.
Thirty Brahman and three Droughtmaster cows were selected from a herd at Victoria River Research
Station (“Kidman Springs”) N.T as being representative of a wide range of condition scores (2 to 8). On
consecutive days their fat depth was measured ultrasonically at the P8 site and their condition score was
assessed individually by seven people of varying experience in condition scoring. The cattle were kept
overnight in a yard without access to feed and water between the two measurements to see how the
"hollow" appearance the next day would affect the repeatability of condition scores.
The correlation between the different people’s scores and the fat depth (measured ultrasonically) was used
to assess the accuracy of scorers. The correlations ranged from 0.80 to 0.62 (Spearman's R) with an
average of 0.72 for experienced condition scorers. It was only 0.29 for a student using the system for the
first time with the aid of photos of the different condition scores.
The correlation between the two scores for each animal given by scorers over the two days was used to
assess the repeatability of scorers. The correlations ranged from 0.89 to 0.74 (Spearman’s R) for the
experienced scorers (average = 0.82), while it was only 0.49 for the first time scorer. The correlation of
the ultrasound measurements from one day to the next was 0.95.
Most people scored the cows on average a third of a condition score lower (average of the difference
between the day 1and day 2 scores) on the second day, although one scorer actually scored a full condition
score lower. This suggests that scorers are influenced by the hollow appearance of animals that have been
off water overnight. The ultrasound measurements were on average 0.5 mm less on the second day.
The accuracy and repeatability achieved by experienced scorers in this study were reasonable and
certainly higher than those found by Loxton et al. (1982) and Holland (1979), who found that similar
methods of visual condition scoring were not accurate in predicting the carcass fat depth of cattle. Graham
et al. (1984) found that experienced scorers could predict fat depth accurately when using scoring systems
based on palpation.
Kendall’s co-efficient was used to examine the repeatability between scorers. The Kendall's co-efficient
(the average of all the correlations between scorers) was low (0.51 for day 1 and 0.28 for day 2) showing
that there are considerable differences between scorers when scoring the same animal (ie. some people
may score consistently higher or lower than others). This suggests that for research work, the same person
should always condition score the same mob of cattle, or different scorers should be calibrated against
each other.
GRAHAM, J.F. CLARK A.J. and SPIKER S.A. (1984). Anim. Prod. Aust. 15, 684
HOLLAND, B.J.M. (1979). Proc. Aust. Assoc. Anim. Breed. Genet 1, 177.
HOLROYD, R.G. (1978) In ‘Beef Cattle Production in the Tropics’. (Eds. R.M. Murray and K.W. Entwistle), James
Cook University Press, Townsville. pp. 233-246.
LOXTON, I.G., LINDSAY, J.A., and TOLEMAN, M.A. (1982). Anim. Prod. Aust. 14, 265.
STATSOFT, Inc. (1995) STATISTICA for Windows (Computer program manual). Tulsa, OK: StatSoft, Inc., 2300
East 14th St. Tulsa, OK, 74104-4442.
Email: Tim.Schatz@nt.gov.au
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COMPONENTS OF ALPACA (LAMA PACOS) FLEECES AND THE POTENTIAL OF INSHED MEASUREMENT OF FIBRE DIAMETER
A.C. SCHLINK and A.M. MURRAY
CSIRO Livestock Industries, Private Bag 5, Wembley, Western Australia 6913

The Alpaca (Lama pacos) was re-introduced into Australia for fibre production in 1989 and numbers
have steadily increased since that time to reach a population of approximately 30,000 in 2001. Alpaca
fleece is graded on the basis of fibre diameter (FD), length and colour. Subjective appraisal of alpaca
fibre diameter is largely based on a combination of visual fineness and handle, but it is desirable that
all fleeces be objectively tested (Knox 1998). In this study, we determined the constituents of alpaca
fleeces and measured fibre parameters in greasy and cleaned alpaca staples.
Forty eight mid-side fleece samples were collected at the annual shearing from an alpaca herd. Wax,
suint and dust content of fleece samples were determined using the method of Hemsley and Marshall
(1984) and reported as percentages of clean dry fibre in the fleece. Greasy and clean staples were
measured for FD, FD variation and curvature using the OFDA2000 set with a zero "grease correction"
factor, following conditioning for a minimum of 24 h at 20°C and 60% relative humidity. Greasy
staples were measured and then cleaned with two changes of petroleum spirit, re-conditioned and
measured with minimal disturbance of staple structure by OFDA2000.
Alpaca fleeces averaged (± s.e.m.) clean, dry yield of 79.0 (1.4)%, wax index of 3.2 (0.2)%, suint
index of 0.7 (0.1)% and dust index of 7.7 (0.5)%. Alpaca staples were readily spread on the OFDA
staple screen and required fibre counts readily achieved for fibre measurements. Average FD, FD
variation, fibre curvature, and curvature variation for clean staples and their correlation with the greasy
staple measurements are shown in Table 1. Along staple FD characteristics were also successfully
measured in both the greasy and cleaned staple but are not presented in this paper.
Table 1. Average FD, FD variation, fibre curvature, and curvature variation for clean staples and their
correlation with the greasy staple measurements using OFDA2000
Clean staple

Mean

Range

FD (µm)
FD standard deviation (µm)
FD coefficient of variation (%)
Comfort factor
Curvature (°/mm)
Curvature standard deviation (°/mm)

26.6
6.3
24.0
70.1
33.4
25.3

18.2 to 37.5
3.9 to 9.9
19.2 to 35.6
16.4 to 98.9
18.4 to 51.1
15.0 to 37.0

Correlation with greasy
staple measurement
0.997
0.923
0.883
0.997
0.977
0.896

The average difference between clean and greasy staple measurements of FD using OFDA2000 using
zero as the "grease correction" factor was 0.56 (0.06) µm and the linear relationship was
Clean staple FD = 0.985*Greasy staple FD - 0.172

(n=48, r2=0.993, P<0.001)

Alpaca fleeces contain significantly less wax and suint than that reported for Merino and other sheep
breeds. The OFDA2000 can be successfully used to measure the fibre diameter parameters of noncleaned alpaca staples but a smaller "grease correction" factor would be required than that currently
used for sheep greasy wool staples.
The authors would like to thank Judy and Murray Stannard of Encantador Alpaca Stud for access to
fleece samples.
HEMSLEY, J.A. and MARSHALL, J.T.A. (1984). Wool Tech. Sheep Breed. 31, 158-63.
KNOX, I. (1998). International Alpaca Industry Conference, Fremantle, W.A., 29-34.
Email: Tony.Schlink@csiro.au
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EFFECT OF SAMPLE SITE AND SIRE SOURCE ON WOOL FELTING PROPERTIES
A.C. SCHLINK A, J. C. GREEFF B and A.M. MURRAY A
A
B

CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913
Western Australian Department of Agriculture, Katanning, WA 6317

Felting is a unique property of animal fibres, especially wool. Wool feltability has been shown to have
a heritability of 0.31 using a modified Aachen felt ball test (Greeff and Schlink 2001). This study also
showed that a large part of genetic variation was explained by ram source. This paper reports the
results of studies on the effect of sampling site and sire on wool feltability.
In the first experiment, twenty Merino wethers run as a flock were sampled at annual shearing from
nine fleece sampling sites (Denny 1990). Clean scoured wool samples were measured for fibre
diameter (FD), curvature and felt ball diameter (Greeff and Schlink 2001). In the second experiment,
mid-side samples were collected from a flock of 682 progeny from 17 sires, run at Brookton WA.
Sheep were born in June 1999, with lamb shearing in October 1999 and sample shearing in September
2001. FD, curvature and felt ball diameters were measured on clean scoured wool samples.

Felt ball diameter (mm)

Felt ball diameter (mm)

Fibre diameter for the nine sampling sites averaged (±s.e.m) 18.7(0.1) µm. Sampling sites R1 and S3
FD's were 19.8 and 17.5 µm, respectively, and were significantly different (P<0.05) from the fleece
average FD. Fleece curvature averaged 104(1) °/mm and felt ball diameter averaged 27.5(0.1) mm
with no significant (P>0.05) effect of sampling site on parameter outcome. Progeny of the 17 sires had
an average FD of 18.8 (0.1) µm, curvature of 81(1) °/mm and felt ball diameter of 26.1(0.1) mm. The
progeny average FD from sire groups ranged from 17.4 to 21.4 µm, curvature ranged from 75 to 92
°/mm and felt ball diameter ranged from 25.1 to 27.9 mm. There was a significant linear relationship
between felt ball diameter and FD (r2=0.44, P=0.004) (Figure 1), and felt ball diameter and curvature
(r2=0.30, P=0.024) (Figure 2) for sire progeny groups. Using FD and curvature as co-variates did not
remove the significant difference between sire progeny groups in felt ball diameter.
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Figure 1. Relationship between average felt ball
diameter and FD for different sire progeny groups

80

Figure 2. Relationship between average felt ball
diameter and curvature for different sire groups

FD variation in the fleece is consistent with previous reports (Denny 1990). However, both curvature
and felt ball diameter outcomes were unaffected by fleece sampling. The uniformity of wool feltability
across the fleece will result in uniform felt shrinkage across the entire fabric made from single fleeces.
There were strong sire effects on the progeny outcomes for felt ball diameter. This outcome is
consistent with the report of Greeff and Schlink (2001) that a large part of the genetic variation in felt
ball diameter was explained by ram source. These results also confirmed the correlation between FD,
curvature and felt ball diameter. These correlations of felt ball diameter with FD and curvature have
now been consistently demonstrated in both Merino and Romney sheep. This study has identified sires
from commercial sire sources with the potential to produce low or high felting wools.
We wish to thank the Federation of Performance Breeders for making both data and wool samples
available from the Yardstick 1999 sire evaluations.
DENNEY, G.D. (1980). Aust. J. Exp. Agric. 30, 463-7.
GREEF, J.C. and SCHLINK, A.C. (2001). Proc. Aust. Assoc. Anim. Breed. Genet. 14, 497-500.
Email: Tony.Schlink@csiro.au
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EFFICACY OF MONENSIN IN MAIZE- OR MOLASSES-BASED SUPPLEMENTS FOR
EARLY WEANED BOS INDICUS CROSS CALVES
A.C. SCHLINK
CSIRO Livestock Industries, Private Bag 5, Wembley, WA 6913

Schlink et al. (1988) showed that early weaning reduced lactational anoestrous, and calves weighing
50 to 60 kg at weaning could be successfully reared using maize based supplements. Molasses is
cheaper and more readily available in northern Queensland but high levels of inclusion in calf
supplements significantly reduced calf growth rates. The present experiment examined the potential of
monensin sodium to improve the efficiency of utilisation of maize and molasses based supplements for
early weaned Bos indicus-cross calves.
The experiment was carried out in covered pens at Lansdown Research Station (19° 40' S 146° 48' E).
Thirty two early weaned Bos indicus-cross steer calves were housed, two to a pen on the basis of
similar liveweight and allocated 1 of 8 supplements with ad libitum chaffed, Stylosanthes
hamata/grass hay (DMD 40.9%, N 1.2%) for 84 days. Maize-based supplement contained 69.2%
rolled maize, 26.0% formaldehyde treated sunflower seed meal (FSM), 1.1% Na monophosphate,
2.4% limestone, and 1.3% salt fed at 1.97 kg DM/head.day, or a molasses based supplement contained
61.7% molasses, 12.6% maize, 21.7% FSM, 0.9% Na monophosphate, 2% limestone, and 1.3% salt
fed at 2.15 kg DM/head.day. Monensin sodium was added to the supplements to provide daily
allowances of 0, 20, 40 and 60 mg monensin/head.day. Supplements and chaff were fed daily in
separate containers. Weekly measurements of pre-feeding liveweight, chaff and supplement orts were
made. Prior to weighing on Day 84, rumen samples were collect by stomach tube and analysed for
volatile fatty acids. The results (Table 1) were analysed using analysis of variance.
Table 1. Mean live weight (kg), daily feed intakes (kg), and daily feed intake : live weight gain (FCR) for
calves fed maize- or molasses-based supplements (Suppl.) with four levels of monensin (Mon.) inclusion
Supplement
Monensin
Initial Wt
Day 84 Wt
Chaff Intake
Suppl. intake
FCR

0
87.0
137.3
1.33
1.92
5.44

Maize
20
40
84.5
90.6
134.5
140.8
1.33
1.15
1.87
1.86
5.08
5.43

60
86.5
131.9
1.38
1.90
5.57

0
86.4
131.4
1.08
1.78
6.06

20
89.8
127.1
1.43
1.81
6.58

Molasses
40
86.5
126.8
1.14
1.77
6.58

60
86.1
120.5
1.41
1.61
7.37

P value
Suppl
0.99
0.23
0.54
0.01
0.05

Mon.
0.99
0.86
0.47
0.43
0.80

Inclusion of monensin in maize- or molasses-based supplements did not significantly alter liveweight,
feed intake, feed efficiency or rumen propionic acid concentration in early-weaned calves. Calves fed
a molasses-based supplement compared with calves feed a maize-based supplement had significantly
lower liveweight gains (0.467 and 0.583 kg/head/day respectively), poorer feed efficiency (6.65 and
5.38 respectively) and higher propionic acid concentrations in the rumen (15.8 and 13.7 mM%
respectively). Increasing levels of monensin in molasses supplements resulted in a small linear decline
in average daily liveweight gain (r2=0.45, P=0.061) that was not observed with monensin in the maize
supplemented calves (r2=0.27, P=0.34).
Contrary to the effect of including monensin into adult ruminant diets there was no benefit from the
inclusion of monensin into early weaned calf supplements at the rates used in this experiment.
Monensin in early weaned calves may have another role apart from improved productivity. Parker et
al. (1986) showed that coccidiosis was a problem for weaned calves subject to nutritional stress, and
monensin was a successful prophylatic. McDougald (1974) also failed to show liveweight or feed
efficiency responses in young calves where monensin was used to control coccidiosis compared to
calves without coccidiosis infections. These lack of responses to monensin in young calves may be
due to the rumen not being fully developed as there was no response in propionic acid concentrations
which is used as an indicator of monensin function in the rumen.
McDOUGALD, L.R. (1974). Am. J. Vet. Res. 39, 1748-9.
PARKER, P.J., JONES, G.W., ELLIS, K.J., HEATER, K.M., SCHROTER, K.L., TYLER, R. and HOLROYD,
R.G. (1986) Trop. Anim. Hlth. Prod. 18, 198-208.
SCHLINK, A.C., GIBSON, D.S., LIANG, Z.J. and DIXON, R.R. (1988). Anim. Prod. Aust. 17, 326-9.
Email: Tony.Schlink@csiro.au
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GROWTH AND CARCASS SPECIFICATIONS OF HEAVYWEIGHT FIRST- AND
SECOND-CROSS FEEDLOT-FINISHED LAMBS
C.G. SHANDS A T.C. FARRELL B, N. FOGARTY C and R.S. HEGARTY B
A

NSW Agriculture AR &AS, Glen Innes, NSW 2370, B NSW Agriculture, Armidale NSW 2351, C NSW
Agriculture, AR&VC Orange, NSW 2800

The average weight of Australian lamb carcasses has increased 3 kg since 1990 (Meat and Livestock
Australia 2001) and there is a continuous challenge to achieve higher carcass weights without excess
sub-cutaneous fat accumulating on the carcass. As demand for heavier carcasses continues,
management systems to provide and then finish pasture-reared lambs to carcass weights of over 26 kg
will be required. In association with the Central Progeny Test, a study was conducted to compare the
ability of pasture-reared lambs from a range of sires and dams, to produce carcasses suited to the food
service market when finished in a feedlot on a high-energy diet.
Merino and first-cross (Border Leicester x Merino) ewes were inseminated with Texel, Poll Dorset or
Coolalee sires having LAMBPLAN terminal sire indices of 97-106 as part of the Central Progeny
Test. Their progeny were reared on pasture to approximately 40 kg LW prior to feedlot entry, with
male progeny being made cryptorchids. One hundred and twenty lambs were housed in group pens
and offered ad-libitum access to a single mixed ration (11.8 MJ ME/kg DM; 19.9% CP) for 60 days.
At completion of this feeding period, all 53 lambs were slaughtered in a commercial abattoir, their
carcasses weighed and assessed for fat cover at the 12th rib, and a subset (n= 44) taken for assessment
of commercial cuts (Shands et al. 2002).
Average growth rate of lambs in the feedlot was 275 g/d with a feed conversion ratio of 4.55:1. Of the
120 lambs in the study, 49% met the food-service specifications of 8-20 mm of fat at the 12th rib
(average = 16 mm) and a minimum carcass weight of 22 kg (average = 27.9 kg). Eye-muscle area
was not significantly affected by either sire-type or dam-type. Cryptorchid lambs had significantly
higher liveweights (59.7 v 54.4 kg; P<0.001) and carcass weight (28.4 v 25.7 kg; P<0.001) and less
tissue at the GR site (15.0 v 18.0 mm; P<0.001) than did ewes. The difference between the sexes was
greater when they were compared at the same carcass weight (14.9 v 19.0 mm GR tissue depth; 28 kg
carcass). First-cross lambs were leaner at any given LW, with longer carcass and leg lengths than 2nd
cross lambs (Table 1). While only a single sire from each breed was used, significant between-sire
differences in carcass and leg length were observed (Table 1).
Table 1. Least squares means ± s.e. for cryptorchid lambs (n = 44) at 28 kg carcass weight
EM areaA
(cm2)
18.6 ± 0.5
19.1 ± 1.0
ns

Carcass length
(cm)
114.6 ± 0.5
117.1 ± 0.7
**

Leg length (cm)

Leg circum. (cm)

38.2 ± 0.2
39.7 ± 0.3
**

29.3 ± 0.3
30.2 ± 0.4
(p = 0.06)

19.9 ± 0.8
18.1 ± 0.5
18.7 ± 1.5
ns

112.6 ± 0.8
116.8 ± 0.5
118.1 ± 0.9
**

38.3 ± 0.3
38.8 ± 0.2
39.7 ± 0.3
*

30.2 ± 0.4
29.6 ± 0.3
29.3 ± 0.5
ns

24 kg
12.2 ± 0.9
17.6 ± 0.9
111.9 ± 0.8
28 kg
47.1 ± 0.3
14.3 ± 0.5
18.9 ± 0.6
115.9 ± 0.4
32 kg
16.5 ± 0.9
20.1 ± 0.9
119.8 ± 0.8
A
EM area is least square mean for ewes and cryptorchids, * P<0.05, **P<0.01

37.6 ± 0.3
38.9 ± 0.2
40.3 ± 0.3

28.5 ± 0.4
29.7 ± 0.2
30.9 ± 0.4

Dressing %
2nd X
1st X

47.0 ± 0.4
47.2 ± 0.6
ns

GR tissue
depth (mm)
15.6 ± 0.6
13.1 ± 0.8
*

Texel
Dorset
Coolalee

46.7 ± 0.6
47.8 ± 0.4
46.8 ± 0.7
ns

15.4 ± 0.9
14.1 ± 0.6
13.5 ± 1.0
ns

The above results indicate that production of extra-heavy lambs with carcass weights over 26 kg and
acceptable fatness will be possible with existing genetic and nutritional management strategies.
Feedlot finishing did not result in lambs becoming too fat for market specifications, as anticipated and
the importance of ewe genotype was highlighted.
MEAT AND LIVESTOCK AUSTRALIA (2001). Lamb Survey Report. Sept. 2001.
SHANDS, C.G., FARRELL, T., FOGARTY, N. and HEGARTY, R.S. (2002). Anim. Prod. Austr. 24, (these
proceedings).
Email: chris.shands@agric.nsw.gov.au
352.

Anim. Prod. Aust. 2002 Vol. 24: 353

MUSCLING AND CUT-WEIGHTS OF HEAVYWEIGHT FIRST- AND SECOND-CROSS
FEEDLOT-FINISHED LAMBS
C.G. SHANDS A T.C. FARRELL B, N. FOGARTY C and R.S. HEGARTY B
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C
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The shift to heavier slaughter weight of Australian lamb is driven partly by the improved processing
efficiency achieved with heavier carcasses, and partly by the need for larger portion weights to allow
greater flexibility in presenting new retail cuts. In particular, muscularity and muscle size is of
increasing importance in providing portions that meet the strict weight demand of the food-service
sector. A study was conducted to evaluate the practicality of producing lamb carcasses over 22 kg
with 8-20 mm of fat at the 12th rib, for the food service market (Shands et al. 2002). A subset of lambs
carcasses was assessed for muscularity and conformation and boned-out into commercial cuts to
establish the effect of sire and maternal genotype on these traits.
Conformation of carcasses from cryptorchid lambs (n = 44) was assessed on a numeric scale (1-5)
corresponding to the EUROP score, with 1 being excellent. Carcasses were also assessed for
muscularity (1-5) by making a subjective assessment of carcass conformation and adjusting the
conformation score for the extent to which muscle rather than fat contributed to conformation. Weight
of the short-loin, 8-rib rack and chump (cap-on), were determined on 42 carcasses.
At a standardised carcass weight (28 kg), first-cross lambs had a superior muscle score than did
second-cross lambs (Table 1). Sire-type also significantly affected muscle score and conformation.
Despite these effects of dam and sire-type on the visual appraisal of the carcass, there was no
significant effect of sire-type or dam-type on the eye muscle depth (Shands et al. 2002), or weight of
short-loin or chump in the carcass (Table 1). There was a significant sire-type x dam-type interaction
for the weight of 8 rib rack, such as that for Texel (T) and Coolalee (C) sired lambs, rack weight was
higher in lambs born to first-cross ewes (839 v 981 g T; 995 v 893 C), while for Dorset sired lambs,
rack weight was heavier in lambs born to Merino ewes (914 v 814 g).
Table 1. Least squares means ± s.e. of conformation and muscle score for cryptorchid lambs (n = 44) and
for cut weights from all lambs at 24, 28 and 32 kg carcass weight (n = 42)
Conformation
2.2 ± 0.1
2.6 ± 0.2
*

Muscle Score
2.3 ± 0.1
3.0 ± 0.2
*

Weight (g) short loin
442 ± 15
424 ± 22
ns

Weight (g) 8-rib rack
882 ± 15
930 ± 21
P = 0.06

Weight (g) chump on
453 ± 14
478 ± 20
ns

Texel
Dorset
Coolalee

1.7 ± 0.2
2.8 ± 0.1
2.8 ± 0.2
**

2.2 ± 0.2
2.8 ± 0.1
2.9 ± 0.3
**

425 ± 24
445 ± 17
429 ± 27
ns

910 ± 23
864 ± 16
944 ± 26
*

491 ± 22
447 ± 16
459 ± 25
ns

24 kg
28 kg
32 kg

2.8 ± 0.2
2.4 ± 0.1
2.1 ± 0.2

3.3 ± 0.3
2.6 ± 0.1
2.0 ± 0.2

376 ± 26
433 ± 13
491 ± 24

752 ± 25
906 ± 13
1060 ± 23

371 ± 23
466 ± 12
560 ± 22

2nd X
1st X

While conformation and muscle score were significantly better for 2nd cross than 1st cross lambs,
differences in carcass conformation and muscling were not associated with significant changes in
eyemuscle area (Shands et al. 2001) or commercial cut weight. This supports the findings of Hopkins
et al. (1998) that visual conformation scores are not consistent indicators of the commercial merit of
carcasses, despite being a significant consideration in wholesale and retail valuation of lamb (Hopkins
et al. 1996). It is suggested that benefits of valuing carcass conformation may be associated with
changes in the shape of cut rather than weight of cut.
HOPKINS, D.L., FOGARTY, N.M. and FARRELL, T.C. (1996). Anim. Prod. Aust. 21, 335-8.
HOPKINS, D.L. and FOGARTY, N. (1998). Meat Sci. 49, 459-75.
SHANDS, C.G., FARRELL, T., FOGARTY, N. and HEGARTY, R.S. (2002). Anim. Prod. Aust. 24, (these
proceedings)
Email: chris.shands@agric.nsw.gov.au
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SOME MEAT QUALITY PARAMETERS FOR BEEF CATTLE AS DERIVED FROM STATE
CARCASE COMPETITION DATASETS; ARE THEY OF INDUSTRY RELEVANCE?
S.E. SINCLAIR A and M.M. SCHLEUNIGER B
A
B

PIRSA Rural Solutions, PO Box 618, Naracoorte, SA 5271
PO Box 1049, Mt. Gambier, SA 5290

There is little argument to the assertion that the beef industry must continue to meet (and exceed)
consumer expectations with respect to meat quality. Recent trends in the adoption of value based
marketing systems have elucidated the linkages between meat quality attributes and price differentials,
and hence the commercial imperative for beef producers to understand carcase description and the
implications regarding both beef marketing and cattle production systems (Taylor 1994). It is within
this context that continued industry and Government involvement in state carcase competitions is seen
to be commercially relevant. This solicits the questions, do carcase competitions generate
commercially relevant information, and in what context?

Figure 1. Domestic carcase dataset (mean + s.d)
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Judging of The Royal Agricultural & Horticultural Society of SA Inc. Led Steer carcase competition
has been essentially undertaken within the established Australian Beef Carcase Appraisal Method
(ABCAM) framework. All entries are purebreds and carcasses were assessed for a broad range of
carcase criteria including P8 fat depth (P8) and rib eye muscle area (EMA). Domestic classes were
generally less than 260 kg HSCW; export classes 261 to 400 kg HSCW. All carcase entries were
judged within the participating meat processor market grid. A compiled dataset from show judging
1994 to 2001 comprising 733 British (Brit) purebred carcasses (av. 47 per year domestic; 45 export)
and 218 European (Euro) purebred carcasses (av. 4 per year domestic; 23 export) was used to interpret
P8 fat depth and EMA (cm2) for both domestic (Figure 1) and export (Figure 2) market specifications.

Figure 2. Export carcase dataset (mean + s.d)

Carcase competition datasets are difficult to interpret given inherent variability in nutritional histories,
breed factors, handling, different exhibitors each year, and variable meat processor destinations.
Nevertheless observed annual differences in fat depth and EMA between British and European
purebreds were not unexpected, be it no obvious trends between years. Generally European carcases
were heavier overall on an annual basis (domestic 237 v 228 kg HSCW; export 328 v 285), and while
yearly trends were not evident for export carcase weight, domestic grade carcasses increased in weight
from 1994 to 2001 for both British (y = 2.03x –3828.7, r2 = 0.67) and European (y = 4.07x –7888.3, r2
= 0.55) entries. The preliminary interpretation of the dataset suggests that carcase competitions can
highlight known generic breed (Brit. v Euro) differences and the trends for heavier domestic market
weights. Overall quantitative interpretation is generally questionable however; hence we speculate that
the major role for carcase competitions to be both educational and demonstrational in emphasising
meat quality and yield factors to both exhibitors and industry as a whole. Recent initiatives to include
new carcase assessment technologies and Meat Standards Australia criteria are encouraging in this
regard.
TAYLOR, D.G. (1994). Anim. Prod. Aust. 20, 39-40.
Email: sinclair.stephen@saugov.sa.gov.au
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ON FARM TREATMENT OF LAMBS PRIOR TO SLAUGHTER HAS A DETRIMENTAL
EFFECT ON MEAT ULTIMATE pH
T.J.STARBUCK A, N.J.EDWARDS A, J.E.HOCKING EDWARDS A, C.E.DEVINE B, T.E.LOWE B,
R.W.WELLS B, P.A.SPECK A
A
B

South Australian Research and Development Institute, Struan Agricultural Centre, Naracoorte, SA, 5271
Bioengineering Technologies, HortResearch, Hamilton, New Zealand

Adverse pre-slaughter handling of animals will affect meat quality, but the factors involved are often
overlooked by producers preparing animals for the sale yards or delivery to meat processors. Stressors
such as crutching, extended handling (e.g. weighing and sorting for sale) and even sale through sale
yards all involve extra animal handling and ultimately affect meat quality through its effects on
ultimate pH (pHu) where values of 5.8 > pHu < 6.1 produce tough meat (Devine et al. 1994). This
paper examines the relationship between the little-documented effects of normal on-farm handling
stressors and the time required for recovery before transport to slaughter on meat pHu of prime lambs.
During July 2001 269 first cross lambs averaging 47.7 ± 5.72kg were slaughtered on four separate
days over a two week period. Four days prior to the first slaughter, all lambs were weighed,
structurally assessed the following day and then returned to ryegrass/white clover pasture. From this
point, lambs had one, three, eight or ten days recovery before being yarded again, kept off feed for 24
hrs and transported for slaughter at a commercial abattoir. All lambs were in lairage for 16-20 hrs prior
to slaughter and carcasses were electrically stimulated within 60 min post mortem for 60 s using 800V
RMS (current 2 A) (half sine wave pulses, 10 ms duration) at an alternating pulse frequency of 14.28
pulses s-1. The right longissmus dorsi (LD) from the rump to just above the 13th rib was then removed,
wrapped in cling film and rapidly cooled to 15°C in water and aged at this temperature. The pHu was
measured 24 hours after rigor. Data was analysed using ANOVA (Microsoft Excel 97).
1 d ay rec ove ry
3 d ays re cov ery
8 d ays re cov ery
1 0 d ays rec ove ry

60
50
40
Frequency

The pHu of the LD from animals slaughtered
after one and three days of recovery was
significantly higher (P<0.0001) than for those
slaughtered after an eight or ten day recovery
period (Table 1). There were also significantly
(P<0.0001) more animals with pHu less then
5.70 in the groups that had the longest recovery
time (Figure 1).

30
20

Table 1: Number of lambs (N), mean LD pHu and
standard deviation (s.d.) of lambs with increasing
length of recovery from on-farm handling
Recovery
N
Mean
s.d.
Days
pHu
1
66
5.68a
0.17
3
70
5.66a
0.11
0.10
8
67
5.58b
0.04
10
66
5.56c
Values with the same superscript are not significantly
different at P=(0.05)

10
0
5 .4 5 .5 5 .6 5 .7 5 .8 5 .9 6 .0 6 .1 6 .2 6 .3 6 .4 6 .5 6 .6
pH 24 hour

Figure 1: Frequency distribution of pHu of LD from
animals with increasing length of recovery from onfarm handling

Over 10% of animals slaughtered with only one day to recover after handling and 4.3% of those with 3
days to recover fell within the pHu range corresponding to tough meat, whereas none of the animals
with 10 days to recover fell within this range. These results show that for optimum meat quality, any
extensive on-farm handling of lambs should take place as long as possible prior to slaughter to ensure
there is time for recovery. The present results suggest that recovery takes longer than three days and
can take up to eight days. This work was supported and funded by the prime lamb industry through
Meat and Livestock Australia.
DEVINE, C.E., GRAAFHUIS, A.E., MUIR, P.D. and CHRYSTALL, B.B. (1994). Meat Sci. 36, 143-50.
Email: starbuck.tamara@saugov.sa.gov.au
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Results of recent research into the influence of body condition at calving where complete diets have
been fed indoors (e.g. Garnsworthy 1988) conflict with the recommendations about benefits of body
condition promoted in the Victorian dairy industry. The Victorian recommendations are based on
research that was carried out with cows fed pasture during winter (e.g. Grainger et al. 1982). An
experiment was undertaken to establish the influence of body condition at calving on animal
production using diets typical of those currently used in Victoria.
Seventy two cows calved with body condition scores of about 4, 5 or 6 on the 8-point scale of Earle
(1976) during August 2001. After calving, they grazed pasture at a daily allowance of ~35 kg
DM/cow for approximately 10 weeks, and were supplemented with either 1 or 6 kg DM concentrates
per day. Each of the 6 treatments was replicated 3 times, with 4 cows per group. Treatment groups
grazed as separate herds. They grazed annual pasture during the first half of the experiment, and
perennial pasture thereafter. Feed intakes and milk production and composition were monitored
throughout the experiment. Results were analysed by analysis of variance using Genstat V.
Table 1. The effect of body condition at calving and level of concentrate feeding during early lactation on
the intake and production of dairy cows
Body condition at calving
Level of concentrates
5
6
l.s.d.
1 kg
6 kg
l.s.d.
Intake (kg DM/cow.day)
Annual pasture (first 5 weeks)
16.4
16.8
16.5
0.82
17.4B
15.6A
0.67
B
14.5A
0.46
Perennial pasture (next 6 weeks)
15.1
15.2
15.0
0.56
15.6
Concentrates (whole experiment)
0.93
5.22
Milk production (kg/cow.day)
30.2B
30.0B
1.84
27.9A
30.8B
1.50
Annual pasture (first 5 weeks)
27.9A
A
B
B
A
31.4
32.1
1.68
28.1
33.7B
1.37
Perennial pasture (next 6 weeks)
29.3
30.9B
31.3B
1.56
28.0A
32.6B
1.27
Whole experiment
28.7A
Milk fat concentration (%)
3.61B
3.70B
0.225
3.82B
3.26A
0.183
Whole experiment
3.32A
A, B
Values in rows for each variable with different superscripts are significantly different (P<0.05)
4

Results for feed consumption and milk production are given in Table 1. There was no effect of body
condition on the intake of the cows, and cows that calved with condition scores of 5 and 6 produced
more milk than did those calving in the lowest condition. Concentrations of fat in the milk of the
thinnest cows were also lower than in the milk of the cows at the 2 higher condition scores. Cows
offered 6 kg of concentrates ate less pasture and produced more milk with a lower fat concentration
than those offered 1 kg of concentrates. There were no interactions between body condition and
feeding level. Garnsworthy (1988) suggested that, by providing sufficient high-energy complete diets,
there is no benefit in manipulating the condition of cows at calving. The cows in our experiment were
relatively well fed on highly digestible feeds. Current recommendations, which are based on feeding
pasture alone, need to be modified since they suggest that benefits from body condition extend
consistently across the range of 3 to 6. Results of this experiment suggest that these recommendations
may not hold if cows are well fed on high-energy feeds, even with pasture in the diet.
EARLE, D.F. (1976). J. Agric. (Vic) 74, 228-31.
GARNSWORTHY, P.C. (1988). In ‘Nutrition and Lactation in the Dairy Cow’ (Ed P.C. Garnsworthy) pp. 15770. (Butterworths: London).
GRAINGER, C., WILHELMS, G.D. and MCGOWAN, A.A. (1982). Aust. J. Exp. Agric. 22, 9-17.
Email: richard.stockdale@nre.vic.gov.au
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EFFECT OF ANIONIC SALTS FED IN LATE GESTATION ON THE PRODUCTION OF
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Anionic salts are fed to dairy cows in late gestation to improve their calcium status at calving in order
to reduce the risk of milk fever. The salts alter the dietary cation-anion difference (DCAD) which, if
done correctly, is reported to promote the absorption of calcium from the small intestine and starts the
mobilisation of calcium from bone. Most research with anionic salts has been undertaken in the
United States where cows generally have higher body condition scores than cows in Australia.
Therefore, an experiment was conducted to investigate the interaction between body condition and the
response of cows to the use of anionic salts.
Seventy two cows with body condition scores of about 4, 5 or 6 on an 8-point scale (Earle 1976) were
individually fed a total mixed ration consisting of maize silage, barley grain, barley straw and canola
meal at 1.6% of live-weight for 4 weeks before expected calving date. The diet of half the cows
included 125 g of magnesium sulphate, on average. The remaining cows were fed an average of 21 g
of magnesium oxide to ensure that each cow consumed a diet with about 0.4% magnesium. After
calving, the cows grazed pasture at a daily allowance of ~35 kg DM/cow for approximately 5 weeks,
and were supplemented with either 1 or 6 kg DM concentrates per day. Total blood calcium
concentrations of the cows in the week after calving, urine pH before calving and milk production after
calving were monitored. Results were analysed by 2-way analysis of variance, with no blocking.
The DCAD of the control and anionic salt diets, which is calculated from concentrations of potassium,
sodium, chlorine and sulphur, averaged +5.2 and -5.4 mEq/100 g DM, respectively, resulting in urine
pH values of 6.4 and 5.4 (P<0.01). The use of the anionic salts caused an elevation in levels of total
blood calcium at calving, but these had disappeared within a week (Table 1). There was no effect of
body condition of the cows on blood calcium concentrations. The resultant milk yields of the cows
indicated that there were no effects of feeding anionic salts on either milk yield or milk composition
(Table 1). There were no interactions between the use of anionic salts and body condition.
Table 1. The effect of body condition and the use of anionic salts in the diet of dairy cows in late gestation
on their total blood calcium concentrations in the week after calving and on production in early lactation
Body condition at calving
Anionic salts
5
6
l.s.d.
No
Yes
Blood calcium (mmol/L)
At about 12 hours after calving
1.89
1.98
2.02
0.123
1.90A
2.02B
At 7 days (±1) after calving
2.31
2.33
2.40
0.120
2.38
2.31
Milk yield (kg/cow/day)
31.4B
31.5B
2.57
30.3
30.7
First 4 weeks of lactation
28.6A
Milk composition (%)
3.94B
4.08B
0.316
3.87
3.79
Milk fat concentration – 4 weeks
3.47A
Milk protein concentration – 4 weeks
3.36
3.26
3.43
0.142
3.33
3.37
A, B
Values in rows for each variable with different superscripts are significantly different (P<0.05)
4

l.s.d.
0.101
0.098
2.10
0.258
0.116

Anionic salts elevated blood calcium at calving. If blood calcium levels indicative of sub-clinical
hypocalcaemia are taken to be 1.2 to 1.9 mmol/L, then anionic salts reduced the incidence of
hypocalcaemia. In spite of this, there were no effects on milk yield or milk composition. However,
the cows in both additive treatments recorded urine pH values that suggested that the balance of
minerals in both diets should have positively affected calcium status and, certainly, no milk fever was
observed in either treatment.
EARLE, D.F. (1976). J. Agric. (Vic) 74, 228-31.
Email: richard.stockdale@nre.vic.gov.au
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EFFECTS OF BODY CONDITION AND THE USE OF ANIONIC SALTS ON THE INTAKE
OF DAIRY COWS IN LATE GESTATION
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Anionic salts are fed to dairy cows in late gestation to improve their calcium status at calving to reduce
the risk of milk fever. However, most anionic salts are unpalatable. In an experiment conducted to
investigate the interaction between body condition score (BCS) and the response of cows to the use of
anionic salts (MgSO4), intakes of cows in the month before calving were monitored.
Seventy two cows with BCS of about 4, 5 or 6 on the 8-point scale of Earle (1976) were individually
fed a total mixed ration consisting of maize silage, barley grain, barley straw and canola meal at 1.6%
of live weight for about 4 weeks before expected calving date. Half the cows received 105-145 g
(depending on live weight) of MgSO4, commencing 7 days after a cow started individual feeding. The
remaining cows were fed an average of 21 g of MgO to ensure that each cow consumed a diet with
~0.4% magnesium. Cows were fed once per day. Results of intakes for the last 14 and 2 days before
calving were analysed by 2-way analysis of variance, with no blocking, using Genstat V.
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Figure 1. Dry matter intakes of dairy cows in the month before parturition as influenced by (a) body
condition score (BCS) ( BCS 4; ♦ BCS 5; BCS 6), and (b) the use of anionic salts ( MgO; ♦ MgSO4).
The vertical bars represent l.s.d.’s (P<0.05) for periods of 14 or 2 days before parturition.

For the last 2 weeks before calving, BCS 6 cows had lower intakes than BCS 5 cows (1.30 v. 1.44 kg
DM/100 kg live weight), with the BCS 4 cows being intermediate (Figure 1a). In the final 2 days
before calving, BCS 6 cows had the lowest intake (1.20 v. 1.36 and 1.35 kg DM/100 kg live weight)
(Figure 1a). Intakes of cows that did not receive MgSO4 were maintained until the day before calving
whereas those of cows fed the salts declined sharply from about a week before calving, but were
always lower than the MgO group (Figure 1b).
This result, which clearly indicates that the fattest cows have lowest intakes immediately before
calving, has only been recorded previously in cows in early lactation. Importantly, MgSO4, which is
regarded as the most palatable anionic salt (Oetzel and Barmore 1993), reduced DM intakes even
though only 125 g of salts, on average, were included in a diet that should have been able to mask the
taste of the salt. In addition, it was only when MgSO4 was included in the diet that the classical
decline in intake before calving occurred. By not feeding MgSO4, this decline in intake was avoided.
EARLE, D.F. (1976). J. Agric. (Vic) 74, 228-31.
OETZEL, G.R. and BARMORE, J.A. (1993). J. Dairy Sci. 76, 1617-23.
Email: richard.stockdale@nre.vic.gov.au
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SHEEP SHOW DIFFERENCES IN ACCEPTABILITY OF PASTURE LEGUMES AND CROP
WEEDS AT THREE STAGES OF PLANT MATURITY
D.T. THOMAS A, M.A. EWING B, D.R. LINDSAY A J.T.B. MILTON A and C.K. REVELL C
A

School of Animal Biology, University of Western Australia, Nedlands, WA 6907
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Sheep offer an alternative to chemical herbicides for weed control in the pasture phase of cropping
systems. To improve the effectiveness of grazing sheep for weed control we need to identify legume
species with low acceptability because we expect they will have the potential to compete more
effectively with weeds. Based on this hypothesis, we tested the acceptability to sheep of six legumes
relative to annual ryegrass and wild radish at three stages of maturity.
The acceptability of each legume was defined as the percentage of the legume in the total forage
consumed by the sheep (Kenney and Black, 1984). At each stage of plant maturity (vegetative,
reproductive and senesced), six treatments comprising a pot of wild radish, a pot of annual ryegrass
along with one of six legumes were offered together to six individually penned Merino weaner
wethers. Different sheep from the same flock were used at each stage of plant maturity. The vegetative
and reproductive plant material was offered intact in the pots in which they were grown. The senesced
plant material was offered in pots after all components of each plant were cut into 10 cm lengths.
The six treatments were offered to the six sheep for two minutes on each of six days according to a
6x6 Latin square design balanced for residual effects. The 3 pots in each treatment were assigned to a
different position when offered to each sheep. The sheep had ad libitum access to a diet of 80% cereal
chaff, 18% lupin seed and 2% mineral mix except for the one hour prior to and when the treatments
were offered each day. The sheep had water available ad libitum at all times.
Table 1. The percentage of legume in the forage consumed by Merino weaner wethers offered each of six
legumes together with wild radish and annual ryegrass for two minutes (values are means ± s.e.)
Legume
biserrula (Biserrula pelecinus cv. Casbah)
chickpea (Cicer arietinum cv. Tyson)
crimson clover (Trifolium incarnatum cv. Caprera)
serradella (Ornithopus sativus cv. Cadiz)
snail medic (Medicago scutellata cv. Sava)
sub. clover (Trifolium subterraneum cv. Dalkeith)

Stage of maturity (days from sowing)
Vegetative (day 69) Reproductive (day 118) Senesced (day 226)
b

30.7 ± 4.37
a
9.0 ± 2.08
b
36.8 ± 4.23
b
28.2 ± 5.04
a
10.8 ± 4.21
a
8.5 ± 2.51

bc

50.6 ± 8.64
b
44.0 ± 9.16
c
69.7 ± 6.06
b
48.3 ± 7.53
a
17.4 ± 4.66
b
41.4 ± 6.22

ab

62.0 ± 10.43
bc
82.5 ± 6.93
c
88.0 ± 2.95
bc
78.3 ± 7.10
a
35.2 ± 12.51
bc
74.6 ± 10.39

Values within columns with different superscripts are different (P<0.05).

There were clear differences in the relative acceptability of the 6 legumes to sheep when they were
offered with the 2 weed species and their ranking differed according to the stage of plant maturity
(Table 1). The results support our original reasoning that choosing a suitable competitive legume and
timing the grazing by sheep should optimise the control of weed species. For example, crimson clover
was highly acceptable at all stages of maturity and would presumably be of little value to encourage
sheep to eat weeds as an alternative in a field situation. By contrast, snail medic, subterranean clover
and chickpea were the most unacceptable legumes at the vegetative stage but, of these, only snail
medic had a low acceptability at all stages of maturity. Annual ryegrass had a higher acceptability than
wild radish (52.5 vs 26.8%, P<0.001) and all 6 legumes at the vegetative stage but decreased with
maturity and was lowest when senesced (13.0%). Based on this, grazing at the vegetative stage in
conjunction with a legume of low acceptability should help reduce the ryegrass component of the
pasture whereas grazing at other times or with an acceptable legume is likely to have little effect.
KENNEY, P.A. and BLACK, J.L. (1984). Aust. J. Agric. Res. 35, 272-82.
Email: dthomas@agric.uwa.edu.au
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WOOL PRODUCTION RESPONSE TO GRAZING MELILOTUS ALBA ON SALT AFFECTED
LAND IN SOUTH-WEST VICTORIA
A. N. THOMPSON, P.M. EVANS, D.J. GORDON and A.H. BYRON.
Department of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton, Victoria 3300

Seasonal variations in pasture supply and quality are a feature of most grazing areas of southern
Australia. The summer/autumn feed-gap is a major constraint to increasing productivity and
producing meat or wool to market specifications. Pastures adapted to saline discharge areas have the
potential to produce high quality feed in summer/autumn. Melilotus alba, a legume native to
temperate Europe and Asia, has produced more than 10 tonnes dry matter/ha per year on moderately
saline land in south-west Victoria, with 60-70% of the total dry matter being produced between
December and the end of February. This paper reports on the liveweight and wool production
responses for sheep grazing M. alba-based pastures compared to other salt tolerant pastures.
A demonstration site was established near Glenthompson in southwest Victoria (average annual
rainfall 650 mm) to compare ‘Control’ salt-land pastures [tall wheatgrass (TWG) and barley grass
dominant] with M. alba ± TWG pastures. There were two replicates of each pasture system, but the
plots were not randomly positioned throughout the site. The ‘Control’ pastures were grazed with
Merino ewes from early December until late March 2001 (average stocking rate 10 sheep/ha). The M.
alba-based pastures were grazed from mid-October 2000 until late March 2001 (average stocking rate
25 sheep/ha). Sheep were weighed and condition-scored every 2 to 3 weeks, and dyebands to measure
wool growth were applied every 4 weeks. Mid-side wool samples were removed prior to shearing to
measure fleece wool characteristics, and fleece weights were recorded at shearing in mid-July.
Sheep grazing the ‘Control’ pastures maintained liveweight during summer/early autumn, whereas
sheep grazing the M. alba-based pastures, at more than double the stocking rate, gained 6-7 kg during
this period. At shearing, the sheep which grazed M. alba-based pastures were still 2 kg heavier than
those which grazed the ‘Control’ pastures.
Table 1. Clean fleece weight (CFW), total clean wool production per hectare (TCW), staple length (SL),
mean fibre diameter (MFD), along-staple variation in fibre diameter (FD var) and staple strength (SS) for
sheep grazing different salt land pasture systems. Values represent treatment means ± standard errors.
Pasture system
CFW (kg)
TCW1 (kg/ha)
SL (mm)
MFD (µm) FD var (CV; %)
Control
4.0 ± 0.23
10.2 ± 1.42
112 ± 0.0
19.2 ± 0.41
6.0 ± 1.40
M. alba + TWG
4.1 ± 0.03
23.1 ± 0.51
119 ± 0.6
19.4 ± 0.03
4.8 ± 0.57
M. alba
24.4 ± 0.72
116 ± 0.7
19.4 ± 0.18
4.4 ± 0.53
4.1 ± 0.11
1
Total clean wool produced per hectare between 4th December and 31st March (117 days).

SS (N/ktex)
43 ± 3.2
44 ± 2.3
47 ± 2.3

Sheep grazing the M. alba-based pastures produced almost 20% more wool per day than sheep grazing
the ‘Control’ pastures between December and late March (10.2 vs. 8.6 g clean/day). The total amount
of clean wool produced per hectare during this period for the M. alba-based systems was more than
double that for the ‘Controls’ (Table 1). In contrast, under common grazing from the end of March
until shearing in July, the ‘Control’ sheep made rapid compensatory growth and grew more wool than
those which had previously grazed the M. alba pastures (10.2 vs. 9.3 g clean/day). There was no
significant difference in clean fleece weight or mean fibre diameter of fleece wool between the
different pasture systems. The fibre diameter of wool from sheep that grazed the M. alba pastures
varied less throughout the year than that for sheep that grazed the ‘Control’ pastures, but the effects on
staple strength were small. In all cases, the wool produced was sound (>40 N/ktex).
M. alba appears to have potential in the medium to high rainfall zones of southern Australia (>450
mm), both from the perspective of animal productivity and sustainability. Indeed, the production
achieved from the M. alba pastures during summer-autumn in this study exceeded that achieved from
non-saline land (data not shown). Salt land production systems based on suitably adapted pasture
species will need to be integrated into the whole farm feed profile, and will need to demonstrate
economic benefits in their own right if they are to be adopted at the scale required to prevent, stabilise
and reverse trends in dryland salinity.
Email: Andrew.Thompson@nre.vic.gov.au
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PRELIMINARY RESULTS ON EFFECT OF DIFFERENT MANAGEMENT SYSTEMS ON
BULL BEEF PRODUCTION.
K.THOMSON, J.GRAHAM, B.KNEE and A.CLARK
Dept. of Natural Resources and Environment, Pastoral and Veterinary Institute, Hamilton VIC 3300.

The availability of calves from the dairy industry and the establishment of a local market, has led to a
new bull beef industry in southern Australia (Speck 1998). Friesian bull calves that are usually
processed at carcass weights below 35 kg, are instead grown out on pasture based enterprises to meet
final liveweight specifications of 500-600 kg, with 3 mm of P8 fat, under 24 months. Meeting these
specifications is difficult without the use of supplementation. This paper examines systems that have
the potential to produce bulls meeting market specifications in under 24 months.
On 19/02/01 140, 12 week-old bull calves of liveweight 157 kg ± 20.2 kg (mean ± s.d.) were allocated
to 5 treatments (n=28 animals per treatment). Two treatments were pasture-based systems, the other 3
systems being either feedlot or a combination of feedlot and pasture. The treatments were feedlot (F),
feedlot/set-stocked (F/SS), feedlot/rotationally grazed (F/RG), set-stocked (SS) and rotationally grazed
(RG). The F, F/SS and F/RG treatments were placed in a feedlot and fed a grain/silage ration with a
target growth rate of 1.25 kg/hd/day. The F/SS and F/RG treatments remained in the feedlot until
adequate green feed was available after the autumn break. On the 23/05/01, the F/SS and F/RG
treatments at liveweights 266 kg ± 28.8 kg and 269 kg ± 22.3 kg (mean ± s.d.) respectively, were
transferred to pasture based grazing systems and reunited with their counterparts in the SS and RG
treatments.
The SS and RG treatments were fed supplements until adequate green feed was available after the
autumn break. The SS treatment was stocked at 1.9 bulls/ha and supplemented with barley and pasture
hay, whilst the RG treatment, rotated when pasture availability decreased below approximately 1200
kg/ha DM, was supplemented with calf pellets and pasture hay.
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Figure 1 Liveweights of Friesian bulls under different management
while the F/RG and RG
treatments required at least 75kg liveweight gain to enter the target liveweight range.
Speck (1998) states that the average growth rates required to meet slaughter specifications of 1 kg
liveweight gain/day, from weaning to slaughter, are highly achievable. The SS treatment has achieved
gains of 1 kg ± 0.1 kg (mean ± s.d.), whilst the RG treatment has achieved 0.8 kg ± 0.1 kg/day (mean
± s.d.), from weaning until 31/01/02.
SPECK, P. (1998) Midfield Bull Beef Project Prospectus 1, 14 -17.
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EVALUATION OF RELATIVE HUMIDITY OF AIR IN PROTOTYPES OF POULTRY
FACILITIES FOR BRAZIL IN WINTER CONDITIONS
I.F.F. TINÔCO, J.H.T. SANTOS, R.M. PAULO, J.B.L. SILVA and J.N. SILVA
Dept of Agricultural Engineering, Federal University of Viçosa, Minas Gerais State, CEP 36571-000

Brazil possesses the third largest aviculture industry in the world and one of the smallest production
costs of chicken meat, but little attention has been given to the planning phases and architectural
conception of the poultry facilities. The quantification of alternatives for improvement of the thermal
comfort, studied in reduced models, as well as the ideal scale for those prototypes, is still incipient for
poultry facilities in the Brazilian conditions, since most of the research on this subject has been
developed for temperate climate areas. The objective of this work was to test three different small
scales prototypes of poultry facilities and three different types of coverings, and its influence on the
relative humidity of the inside air during winter conditions.
This work had its experimental phase accomplished in the experimental area of University of Viçosa,
during the period of June to July of 2000. The nine prototypes used represented the characteristics of a
poultry facility for broiler chickens, following international patterns that have been globally adopted.
The structures of the prototypes were made out of wood. The sides orientated north-south were open,
while the other sides, which were orientated east-west, were closed with a plate of corrugated
cardboard. Three different scales were tested: 1:10, 1:8, 1:6 and three different types of roof covering
were used: ceramic roofs, aluminum roofs and tile of zinc with expanded polystyrene. During the
experimental period, data were collected daily, for ten days, every two hours from 8:00 a.m. to 6:00
p.m. The data of temperature of dry and humid bulb inside of the prototypes, in order to calculate
relative humidity were collected at height of 0.30 m.
Table 1 shows the relative humidity for each type of covering and scale of the prototype. It was
observed that with ceramic tile coverings there were differences in relative humidity between the
different scaled prototypes, with the value for the 1:6 scale being within the recommended range.
Relative humidity in the 1:8 and 1:10 scales were above recommended values. Relative humidity did
not differ between the different scaled prototypes when the roof coverings were aluminum or zinc with
expanded polystyrene, and values were within recommended range. The same didn't happen with the
values obtained inside the prototypes with covering of ceramic tile, that presented values above
recommended.
Table 1. Average of relative humidity (RH) related to the interaction facility x scale
Coverings
Scales:
1:10
Ceramic
78.4ab
Aluminum
68.8ab
Zinc With Expanded Polystyrene
68.3ab
Values within rows with the same superscript are not significantly different at P>0.05

1:8
84.7a
66.4ab
67.6ab

1:6
68.3ac
67.1a
67.0a

The lowest relative humidity was found inside the prototypes with roof tiles of zinc with expanded
polystyrene happened, probably due to the good thermal insulation compared to the other coverings.
This value of relative humidity is within the range recommended for the poultry, according to Tinôco
(2001), and it appears that roof covering of zinc with expanded polystyrene was the best type for the
analyzed conditions. The scale that was most suitable for this was 1:6.
TINÔCO, I. F. F. (2001). Avicultura industrial: novos conceitos de materiais, concepção e técnicas construtivas
disponíveis para galpões avícolas brasileiros. Revista Brasileira de Ciência Avícola, v.3, n.1, p.1-26.
Email:ms43827@correio.ufv.br
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MANIPULATION OF FAT DISTRIBUTION IN THE BELLY OF PORK CARCASSES
M.TREZONA A, B.P.MULLAN A, I.H.WILLIAMS B, D.SUSTER C, F.R.DUNSHEA C and
D.N.D'SOUZA A
A

Department Of Agriculture, South Perth, WA 6151
Faculty of Agriculture, University of Western Australia, Crawley, WA 6009
C
Victorian Institute of Animal Science, DNRE, Werribee, VIC 3030
B

The carcass quality of pigs, hence price per kilogram, is primarily determined by hot carcass weight
and the subcutaneous backfat thickness at the P2 site. In recent years people have questioned whether
P2 is an accurate predictor of carcass composition in modern genotypes. To date many of the reports
have largely been anecdotal but recent quantitative data supports this suggestion. Trezona et al.
(1999) reported that when the growth of pigs was manipulated through changes in feed intake the P2
changed yet the fat and lean muscle percent in the carcass remained similar, perhaps indicating a
redistribution of fat within the carcass.
The export of pork carcasses to Singapore has highlighted the variability of fat content in the belly,
which is considered to be a premium cut. Carcasses selected for export must meet very stringent
criteria, including a specific P2, yet there are complaints that the bellies are too fat. It was
hypothesised that some carcasses considered as lean could have increased belly fat due to a
redistribution of fat in the carcass.
Thirty-six female pigs were sorted by weight into feeding groups of three pigs each. One pig from
each group was allocated to a feeding treatment. The treatments were designed to manipulate body
composition through different patterns of food intake from weaning at 5.5 kg liveweight (LW) to
slaughter at 110 kg LW. Pigs in the ad libitum, ad libitum treatment (AA) were allowed to eat to
appetite throughout the experiment. Pigs in the ad libitum, restricted treatment (AR) were allowed ad
libitum intake until 50 kg LW and then restricted from 50 kg LW to slaughter by 20%. Pigs in the
restricted, ad libitum treatment (RA) were restricted by 20% until 50 kg LW and were then allowed ad
libitum intake until slaughter. Restricted rations were calculated from the intake of the feeding partner
in the AA group. Pigs were slaughtered at a commercial abattoir and half of the carcass was collected.
Subcutaneous fat thickness was measured at the P2 site and along the ventral side of the belly primal
cut (AUSMEAT specifications, product 4080) at the cranial (sternum) and caudal (groin) ends, and at
the last rib (navel). The half carcass and the belly primal cut were analysed for fat and lean muscle
composition by dual energy X-ray absorptiometry. Statistical analysis was conducted by analysis of
variance.
Table 1. The effect of feed intake patterns on carcass quality
Half carcass (kg)
Belly (kg)
Fat thickness (mm)
Trt
Hcwt (kg)
P2 (mm)
Lean
Fat
Lean
Fat
Sternum
Navel
Groin
AA
73.8a
13.3
27.2
6.68
4.23a
1.38
15.6
17.1
22.5ab
AR
71.3b
12.7
27.6
6.30
3.60b
1.21
13.8
18.0
17.5a
RA
71.6b
14.0
27.1
6.65
3.57b
1.26
11.8
17.0
24.4b
ab
results in the same column with different superscripts are significantly different (P< 0.05).

Carcass weight was used as a co-variate when analysing the data as the hot carcass weight of the pigs
from the AA treatment group was significantly higher than the other treatments. There were no
differences between fat thickness at the P2 site or the total amount of fat and lean muscle. Within the
belly there was no difference in total fat, however carcasses from the AA treatment had higher lean
muscle. The subcutaneous fat thickness of the belly of the AR treatment pigs had less fat at the groin
compared to pigs in the RA group. These results indicate that a redistribution of fat and lean muscle
tissue has occurred within the belly primal cut and highlights the problems in using P2 as criteria for
selecting carcasses for the Singapore market.
TREZONA, M., MULLAN, B.P., WILSON, R.H. and WILLIAMS, I.H. (1999). Recent Adv. Anim. Nutr. Aust.
12, 6A.
Email: mtrezona@agric.wa.gov.au
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THE EFFECTS OF HOT ENVIRONMENTS ON THE GROWTH PERFORMANCE AND
CARCASS CHARACTERISTICS OF GROWING PIGS
M.TREZONA A, E.T.NOGUEIRA B, S.M.MCCULLOUGH A, D.N.D'SOUZA A, I.H.WILLIAMS B and
B.P.MULLAN A
A
B

Department of Agriculture, South Perth WA 6151
Faculty of Agriculture, University of Western Australia, Crawley WA 6009

Pigs have limited physiological mechanisms to cool themselves therefore the range of temperature
within their thermal comfort zone (TCZ) is quite narrow. The voluntary food intake of pigs is very
sensitive to ambient temperature. Pigs exposed to temperatures above their TCZ exhibit either a
reduction in total food intake, or a change to their meal patterns, such as eating larger meals during the
cool periods of the day. Giles and Black (1991) reported that pigs were able to consume sufficient
food if they spend adequate time within their TCZ to compensate for the reduction in intake during the
time spent when temperatures were high. It is hypothesised that changes to meal patterns can impact
energy and protein metabolism and hence affect the growth performance and carcass characteristics of
the pig.
Sixteen female pigs were individually housed at 20 kg liveweight (LW) and were allocated to
temperature treatments. Pigs in the cool environment treatment (CC) were housed within their TCZ at
24oC, for 24 hours a day until slaughter at 100 kg LW. The temperature was reduced to 18oC when
pigs reached 60 kg LW. Pigs in the hot environment treatment (HH) were housed at 32oC for 20 hours
and for the remaining four hours the temperature was reduced to the same level as in the cool
environment. In the cool and hot environment treatment (CH), pigs were housed within their TCZ at
24oC until 60 kg LW and then at 32oC (including the daily four hour cool period) until slaughter. The
hot and cool environment treatment (HC) was the reverse of the CH treatment. All pigs were allowed
ad libitum access to feed and water. Drik-o-mat® drinkers were installed into each pen to reduce the
pigs' ability to cool themselves by wetting their skin. Weekly liveweight and food intake was
measured. Pigs were slaughtered at a commercial abattoir and the hot carcass weights and backfat
depth at the P2 site were collected. Statistical analysis was conducted by analysis of variance.
Table 1. The effect of ambient temperature on growth performance and carcass characteristics of pigs
ADG (g/day)
FCR (kg feed / kg LW gain)
Treatment
20 - 60 kgLW 60 - 100 kgLW 20 - 60 kgLW 60 - 100 kgLW Carcass wt (kg)
CC
860a
809
2.13
3.77a
69.6
ab
CH
816
784
2.21
3.16b
73.0
HH
779bc
771
2.17
3.19b
72.7
HC
737c
882
2.33
3.41a
69.8
ab
results in the same column with different superscripts are significantly different (P < 0.05)

P2 (mm)
13.5ab
10.8a
13.8ab
14.9b

Pigs in the hot environments had lower ADG compared to the pigs in the cool environments between
20 and 60 kg LW. Growth from 60-100 kg LW was not significantly affected by ambient temperature
however pigs in the HC treatment, now in the cool environment, grew about 100g/day faster than pigs
in the other treatments. From 60 kg LW until slaughter, pigs in the hot environment had a lower FCR
compared to pigs in the cool environment. Carcasses from the CH treatment had a lower P2 and this
may be due to the change from the cool to the hot environment. The high temperatures indirectly
reduce food intake at a time when the proportion of fat:lean gain is increased. The results from this
experiment clearly indicate that ambient temperature can influence growth performance of pigs and
this may affect carcass quality.
GILES, L.R. and BLACK, J.L. (1999). In ‘Manipulating Pig Production III’ pp. 162-166.
Email: mtrezona@agric.wa.gov.au
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THE EFFECT OF STOCKING RATE ON THE PROFITABILITY OF DRYLAND AND
IRRIGATED PASTURE-BASED DAIRY FARMING SYSTEMS
S.C.VALENTINE and P.A.LEWIS
South Australian Research and Development Institute, Flaxley Agricultural Centre, Flaxley, SA 5153

Previous work has shown that a 50% increase in gross margin per hectare is achievable in dryland
pasture-based dairy farming systems when stocking rate is increased from 1.2 to 2.3 cows per hectare
and grain concentrate increased from 1.0 to 2.5 tonne/cow.year (Valentine et al. 2000). This finding
led to the development of a 3-year program to measure the profitability of several dryland and
irrigated dairy farming systems with different stocking rates. Data are reported for the first full year of
the program.
Five dryland and 4 irrigated dairy farmlets were established at Flaxley Agricultural Centre (latitude
34°52’S, longitude 138°30’E, 800 mm annual rainfall) in the Adelaide Hills in South Australia. The
pasture was based on perennial ryegrass with subterranean clover on the dryland farmlets and white
clover on the irrigated farmlets. The dryland farmlets were stocked at 2.5, 2.9, 3.3, 3.6, and 4.1
cows/ha and the irrigated farmlets at 4.1, 5.2, 6.3 and 7.4 cows/ha. The dryland farmlets comprised 713, 0.67 ha paddocks and the irrigated farmlets 9-13, 0.41 ha paddocks, randomly distributed across
the total dryland and irrigated farmlet areas. The irrigated farmlet paddocks were located under a
centre-pivot irrigation system. The farmlet herds comprised 19-25 Holstein-Friesian cows (mean
liveweight 553±53 kg).
Paddocks were blocked grazed at a target pasture yield of 2200 kg DM/ha leaving a residue of 1200 kg
DM/ha. Pre- and post-grazing pasture yields were measured daily with a rising plate pasture meter.
Fresh pasture was provided after each milking. All cows were fed 2300 kg DM/year of grain
concentrates based on crushed barley and lupin grains and 1500 kg DM/year of purchased hay.
Phosphorus fertiliser was applied at 15 kg P/cow.ha and nitrogen fertiliser at 50 kg N/ha after each
grazing on the irrigated farmlets and at 50 kg N/ha in autumn and spring on the dryland farmlets.
Surplus spring pasture was conserved as wilted round bale silage.
Table 1. Pasture use, milk production and gross margins
Dryland farmlets
3.3
3.6
8.7
8.0

Stocking rate (cows/ha)
Pasture use (t DM/ha)

2.5
8.2

2.9
8.4

Milk yield (L/cow)
(L/ha)
Fat yield (kg/cow)
(kg/ha)
Protein yield (kg/cow)
(kg/ha)

7209
18064
285
715
218
547

6884
19670
273
781
209
596

6643
21913
271
894
206
679

Gross margin ($/cow)
($/ha)

614
1535

478
1355

445
1459

Irrigated farmlets
5.2
6.3
16.5
15.7

4.1
8.1

4.1
16.5

7.4
13.1

5802
20798
244
873
179
641

5817
24078
225
931
175
722

7356
29640
293
1179
225
909

6833
35792
265
1388
208
1087

6570
41716
260
1651
199
1263

5596
41633
215
1597
165
1229

154
553

67
277

620
2526

522
2735

453
2864

209
1540

On the irrigated farmlets, pasture use was lower on the farmlet stocked at 7.4 cows/ha compared with
the other three farmlets due to more severe grazing (Table 1). On the dryland farmlets, there was a
tendency for higher pasture use at the medium stocking rates. Lower milk production and gross
margins on the dryland farmlets stocked at 3.6 and 4.1 cows/ha and on the irrigated farmlet stocked at
7.4 cows/ha were due to shortages of fodder within the limits of the feed budget, which resulted in
early drying-off of these herds.
VALENTINE, S.C., LEWIS, P.A., THRELFALL, J.F., MITCHELL, G.J., MATHEW, K.H. and FLEMING,
N.K. (2000). Asian-Aust. J. Anim. Sci. 13 (Vol A), 113.
Email: valentine.steve@saugov.sa.gov.au
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THE EFFECT OF VACCINATION WITH IRRADIATED INFECTIVE LARVAE OF
TRICHOSTRONGYLUS COLUBRIFORMIS ON FAECAL EGG COUNTS OF ANGORA AND
CASHMERE GOAT KIDS
S.W. WALKDEN-BROWN A, L.F. LE JAMBRE B and M.E. OLAYEMI A
A
B

School of Rural Science and Agriculture, University of New England, Armidale, NSW 2351
CSIRO Livestock Industries, Armidale, NSW, 2350

Emery et al. (1999) reported that stronger protective immunity can be induced in neonatal lambs by
trickle infection with Trichostrongylus colubriformis (Tc) larvae than in 4 m.o. lambs given a similar
infection. Oral vaccination with live radiation-attenuated third stage infective larvae (ILV) could be a
safer method of inducing immunity in neonate small ruminants than use of virulent larvae as a high
proportion (~90%) of ILV fail to complete maturation in the host and those that do are sterile.
Our study investigated the response to ILV of 222 Angora and 212 Cashmere goat kids on two
commercial farms near Barraba in northern NSW, Australia. Half of the kids, selected at random were
orally vaccinated with Tc ILV at 1 and 2 months of age (5,000 and 14,000 larvae respectively, Vac)
with the remainder not vaccinated (Unvac). All kids were subjected to natural nematode infection up
to 5 months of age with individual faecal egg count (FEC) determined at 3 and 5 months of age,
followed in each case by anthelmintic treatment to terminate the infection. One week after
anthelmintic treatment at 5 months of age, all kids were challenged with an oral dose of 10,000
infective L3 larvae of Tc and FEC determined 28 and 35 days later. All Tc larvae used were of the
CSIRO McMaster strain. Attenuation was by exposure to a gamma radiation source for approximately
2 h providing 450 Gy exposure.
FEC data were analysed with and without cube root transformation to ensure normality.
Transformation did not alter the conclusions, so untransformed data are presented. Results are
summarised in Table 1.
Table 1. Mean (±SEM) FEC of Angora and Cashmere kids vaccinated (Vac) or not (Unvac) with
irradiated L3 of T. colubriformis and 1 and 2 months of age.
Kid age

Angora mean FEC (eggs/g faeces)
Cashmere mean FEC (eggs/g faeces)
Unvac
Vac
P value
Unvac
Vac
P value
3 months1
139±32
120±18
0.60
623±74
650±94
0.82
5 months1
987±88
1021±81
0.77
2150±283
1836±219
0.38
2676±161
2907±170
0.32
1626±71
1751±76
0.23
6 m. d282
2752±139
3400±189
0.006
1812±86
1743±79
0.55
6 m. d352
1
Natural infection, mainly (>90%) Haemonchus contortus. 2Induced infection with T. colubriformis.

ILV with Tc larvae had no effect on FEC during natural infection primarily with H. contortus.
Following artificial challenge with Tc FEC was unaffected in vaccinated Cashmere goats but elevated
in vaccinated Angoras. The cashmere findings are consistent with sheep studies suggesting that
vaccination with ILV Tc is less successful in the field than in pens (Windon, 1991). The elevated FEC
in vaccinated Angoras was unexpected and suggests that some form of immunological tolerance was
induced in these animals. Woolaston et al. (1997) observed increased Haemonchus contortus FEC in
lambs at pasture following vaccination with a recombinant H. contortus vaccine.
We are grateful for the collaboration of Tony and Judy Brown, and Margaret and Jim Harris, the
technical assistance of Dominic Neimeyer and Neil Baillie, and funding from RIRDC project UNE 69A and ACIAR Project Number 97133.
EMERY, D.L., MCCLURE, S.J., DAVEY, R.J. and BENDIXSEN, T. (1999). Int. J. Parasitol. 29, 1037-46.
WINDON, R.G. (1991). In ‘Breeding for Disease Resistance in Sheep’ (Ed. G.D. Gray and R.R. Woolaston),
Australian Wool Corporation, Melbourne, Australia. pp. 77-86.
WOOLASTON, R. R., BARGER, I. A., and EADY, S. J. (1997). Proc. Assoc. Advmt. Anim. Breed. Genet. 12,
45-9.
Email: swalkden@metz.une.edu.au
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SPECIFICITY OF ANTIBODY RESPONSES OF GOATS TO INFECTIONS WITH THREE
SPECIES OF GASTROINTESTINAL NEMATODE
S.W. WALKDEN-BROWN and A.J. MASLEN
School of Rural Science and Agriculture, University of New England, Armidale, NSW 2351

The use of antibody responses to gastrointestinal nematode infection as a marker for host resistance
offers potential advantages over faecal worm egg counts (FEC) but still requires a) confirmation of its
efficacy in identifying resistant animals, and b) determination of the specificity of the antibody
responses to different worm species, and thus the necessity for species-specific tests. This study
addressed the latter issue for the IgG response of goats to infection with three key worm species.
Thirty feral goat kids were born to worm-free does and maintained worm-free by rearing indoors on
slats from birth. At 72±2 days of age, kids were allocated to 4 infection treatments with stratification
for body weight, sex and birth type. Treatments were uninfected (Control) or infected with
Trichostrongylus colubriformis (Tc, 3000 L3/week), Haemonchus contortus (Hc, 600 L3/week) or
Ostertagia circumcincta (Oc, 3000 L3/week) in a single dose weekly for 12 weeks. All larvae were of
the CSIRO McMaster strain. Faecal egg count (FEC) was determined fortnightly and a blood sample
was collected weekly. Plasma was harvested after centrifugation and stored at –20 C for later
determination of IgG concentrations by ELISA. All samples were assayed in our own ELISAs using
antigen preparations from L3 of Tc, Hc and Oc respectively (Gill, 1991) and conjugated monoclonal
anti-goat IgG. The same standards, from goats with mixed infections, were used in each assay to
construct the standard curve. A small number of samples was also submitted to a commercial
laboratory for IgG determination using the ovine Host Resistance Test (HRT) ELISA for both Hc and
Tc (Celentis, Upper Hutt, NZ). Untransformed data are presented as cube root transformation to ensure
normality did not alter the outcome of the analysis. Results are summarised in Tables 1 and 2.
Table 1. Mean (±SEM) FEC and IgG concentrations. IgG concentrations were measured by ELISA with
antigens from each nematode species. Cross reactivity between antigens is shown in parenthesis.
Infection treatment

n1

FEC (eggs/
IgG concentration (arb. units). [% cross reaction with homologous antigen]
g faeces)
Tc antigen
Hc antigen
Oc antigen
Control
6
0
287±29a
331±36a
298±28a
T. colubriformis
8
2828±677
2705±32b [100%]
2224±270b [83%]
1620±319b [60%]
260±25a [100%]
224±16a [86%]
H. contortus
8
375±107
234±20a [90%]
398±92a [121%]
329±52a [100%]
O. circumcincta
8
528±89
411±118a [125%]
1
Number of animals. Number of samples per animal was 5 for FEC (wks 3-11) and 14 for IgG (Wks 1-14).
a,b
Means within columns not sharing a common letter in the superscript differ significantly from the controls (P<0.05)

Table 2. Mean (±SEM) IgG concentrations in selected samples determined using the commercial HRT kit
ELISA with antigen from H. contortus and T. colubriformis.
Infection treatment

Sample number

T. colubriformis
H. contortus
O. circumcincta

16
7
7

IgG concentration (% pos. std). [% cross reaction with homologous antigen]
Tc antigen
Hc antigen
30.5±8.1 [100%]
40.1±8.5 [131%]
17.5±7.3 [82%]
21.3±7.5 [100%]
18.7±8.3
21.7±9.2

Patent infections were induced in all infected kids and the specificity of the infections was confirmed
by larval differentiation after each FEC. FEC and IgG levels were much higher in Tc infected kids
than other infection groups. IgG levels in Hc and Oc groups did not differ from uninfected controls.
Control kids may have retained some residual maternal antibody and the Hc and Oc infections clearly
did not achieve the threshold necessary to trigger a humoral response. Consistent with other studies
there was a high level of cross-reactivity between ELISAs (Molina et al., 1999) including the HRT. In
some cases heterologous rather than homologous antigen produced the highest response. These data
suggest that the three trichostrongylid species used in this study share many common antigens and that
species-specific ELISAs for IgG are unnecessary if crude antigen preparations are used.
GILL, H.S. (1991) Parasite Immunol. 13, 617-28.
MOLINA, J.M., RUIZ, A., RODRIGUEZ-PONCE, E., GUTIERREZ, A.C., GONZALEZ, J. and
HERNANDEZ, S. (1999) Vet. Res. 30, 393-9.
Email: swalkden@metz.une.edu.au
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USING CARCASE DATABASES TO IMPROVE PERFORMANCE OF LAMB MARKETING
ALLIANCES
A.K.WHITE A, D.F. STANLEY A and A. SAFARI B
A
B

NSW Agriculture, Agricultural Research & Advisory Station, Cowra, NSW, 2794
Agriculture Victoria, Victorian Institute for Dryland Agriculture, Horsham, Victoria, 3401
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Direct marketing of lambs to abattoirs has increased, providing an opportunity to capture reliable
carcass information in electronic form. NSW Agriculture has maintained a database of carcass details
for a domestic abattoir since 1995. Alliance lambs (137,000) are delivered to abattoirs under a code of
practice, following on-farm assessment for weight and fatness. Specifications of 18-22 kg carcass
weight, fat score 2 or 3 (GR tissue depth 6-15 mm) and conformation score E, U or R on the EUROP
system are targeted. Industry lambs (241,000) are purchased via a range of methods (saleyards, onfarm, OTH) and processed for different domestic wholesalers, and 27,000 alliance carcasses since Jan.
2000 have breed, supplier and production details. Multiple Linear Regression analysis (Genstat 5,
release 4.2) was used to examine the relationship between GR tissue depth and carcass weight.
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Figure 1. Relationship between hot carcass weight
(HCW) and GR tissue depth (GR) for industry lambs,
alliance lambs and crossbred lambs bred from sires
in the Cowra Diverse Genotype (CDG) experiment

Figure 2. Monthly GR tissue depth
adjusted to average HCWT of 20.1 kg

A similar relationship was observed between HCW and GR in both alliance and industry lambs
(Figure 1). Industry lambs were leaner than alliance lambs due to greater diversity in genotype and
production system. 33% of industry lambs were less than 18 kg HCW, and too lean for domestic
specification but purchased due to low price. Alliance lambs although fatter, on average, were
generally within specification for GR given the HCW specification of 18-22 kg. GR tissue depth
increased by 1.0 mm for every kilogram of HCW. Both alliance and industry lambs tended to become
over-fat at heavier export weights of greater than 24 kg. Lambs from CDG sires were selected using
yearling LAMBPLAN estimated breeding values (EBV's) for leanness and growth which favour
production of genetically leaner animals at higher carcase weights (Fogarty et al. 1997).
Figure 2 shows the pattern of difference in lamb fatness across month at the same carcass weight.
Most of the variation in fatness was influenced by the time of lambing, the resulting growth path due
to pasture conditions and genetics. Generally autumn drop lambs finished in spring are fatter.
Winter/spring drop lambs when marketed in February/March are leaner and finished on lower quality
pasture. Older lambs finished in. May/June are fatter.
Analysis of breed and production details of alliance lambs showed that they were useful for the
individual suppliers feedback. With correct interpretation of carcass monitoring information, lamb
producers can modify production systems and month of supply to better meet market requirements and
improve returns to all sectors of the lamb industry. To date, there has not been an objective data
capture and management system to monitor progress toward the lamb industry strategic goals of
increasing carcase weight and decreasing carcase fatness. This data set provides a useful benchmark to
measure industry change.
FOGARTY, N.M., GILMORE, A.R. and HOPKINS, D.L. (1997). Proc. Aust. Assoc. Anim. Breed. Genet. 12,
304-7.
Email ashley.white@agric.nsw.gov.au
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PROPERTIES OF RESTRUCTURED BEEF WITH ADDED SALT/PHOSPHATE,
ALGINATE/LACTATE AND SALT/PHOSPHATE/ALGINATE BINDERS DURING FROZEN
STORAGE
K. WIDAYAKA, T. SETYAWARDANI and I. HARYOKO
Department of Animal Science, Soedirman University, Purwokerto 53123 INDONESIA

The formation of gels that bind together meat chunks in restructured meat products can be induced
either thermally (hot-set) or chemically (cold-set). Salt and phosphate are hot-set binders whereas
alginate, a polysaccharide extracted from brown seaweed, is a cold-set binder (Boles and Shand,
1999). The objective of this experiment was to investigate the effect of binders (salt/phosphate,
alginate/lactate and salt/phosphate/alginate) to the properties of restructured beef products during
frozen storage.
Restructured beef products were prepared with NaCl 0.4%/Natrium tripolyphosphate-NTPP 0.4%
(Binder A), Alginate 0.4%/Calcium lactate 0.4% (Binder B), NaCl 0.4%/NTPP 0.4%/Alginate 0.4%
(Binder C) and no binder added as a control. Purge losses (%), thiobarbituric acid values (TBA, mg
malonaldehyde/kg meat) and binding strength (Newton) were measured initially, then again at two,
four and six weeks frozen storage.
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Figure 2. Binding strength (N)
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Figure 3. TBA values (mg malonaldehyde/kg meat)

Purge losses of the restructured beef products increased with freezing time and it was significantly
reduced with the addition of binders. Salt/phosphate binding system was the most effective in
reducing purge losses (Figure 1). Binding strength tended to decrease with storage time and no
significant effect of binders were observed (Figure 2). Lipid oxidation (TBA values) increased
dramatically after two weeks of frozen storage and it was not significantly affected by types of binders
(Figure 3). In conclusion it appears that the properties of restructured beef products were more
affected by storage time than by type of binders.
BOLES, J.A. and SHAND, P.J. (1999). Meat Sci. 53, 233-9.
Email: wied_kusuma@yahoo.com
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COMBINING GENETICS AND GROWTH RATE TO PRODUCE HIGH QUALITY BEEF IN
SOUTH EASTERN AUSTRALIA
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NSW Agriculture, PMB, Wagga Wagga, NSW 2650
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C
NSW Agriculture, Locked Bag 21, Orange, NSW 2800
D
Animal Genetics and Breeding Unit, University of New England, Armidale, NSW 2351
B

The study reported here is part of a series within the CRC for Cattle and Beef Quality, designed to
determine the best “Regional Combinations” of genotype and growth rate to produce beef with high
rates of compliance to market and quality specifications (live and carcass). This site is situated near
Griffith (southern NSW), with others covering a wide range of environments throughout Australia.
The studies will examine the effects (on production and meat quality) of different rates of growth of
steers to feedlot entry weights, within different sire and breed types chosen on carcass traits.
The design has 2 growth treatments (each with 2 replicates), applied across 5 “carcass types” (sires
chosen on carcass traits). The carcass traits cover extremes in retail beef yield (RBY) – represented by
sires of European breeds (4 sires each of Charolais and Limousin), to extremes in intramuscular fat
(IMF or “marbling”) – represented by Wagyu sires (4 each of Black and Red Wagyu). The remaining
3 carcass types are drawn from Angus sires chosen on EBV for high RBY or for high IMF, or both.
There are 8 sires within each carcass type (total 40). All matings are by AI to Hereford dams of a
common genetic background. The differential (fast or slow) growth treatments are applied to the steer
progeny from weaning to feedlot entry weight of 400 kg. The faster groups will aim to reach the target
weight at approximately 13 months (requiring 0.9 – 1.0 kg/d gain) using high quality pasture, and the
slower groups at 18 to 20 months (0.6 - 0.7 kg/d) using lower quality pasture. For valid comparison of
fast and slow growth groups, they must reach target weights, feedlot finishing and slaughter all at the
same time. This will be achieved by aligning the slow growth group from one calving with the fast
growth group from the next (2 calvings/yr). There will be 4 feedlot intakes (total 600-700). The effects
of the growth and genotype treatments will be assessed on compliance to specifications for feedlot
entry and for carcass characteristics and meat quality at slaughter. The first of 5 matings was in August
2000, with the first weaning in January 2002 and the final in February 2004. The following data (Table
1) are presented as a progress report only (first weaning) – group means unadjusted for differences in
age or weight at weaning - trends only suggested at this stage. Two of the 5 carcass types described
above in the design have been further subdivided for this summary, as described in the table header.
Table 1. Least squares means, male progeny (data unadjusted for weight or age, except weaning weight).
“Carcase types” 1, 2 and 3 (respectively) are progeny of Angus sires chosen on EBV for high meat yield,
high marbling or both. Types 4 (Charolais) and 5 (Limousin) represent high yielding European cattle,
while types 6 (Black Wagyu) and 7 (Red Wagyu) represent cattle purpose-bred for high marbling.
Least squares means
“Carcase type” of sire
Overall, n=121
(AOV)
(approx. lsd)
1
2
3
4
5
6
7
Birth wt (kg)
36.4
37.8
35.8
40.0
35.9
32.3
35.1
36.2 (3.0)
Wean age (d)
226
228
230
225
228
222
221
226 (6)
Age adj. wean wt (kg)
209
231
220
233
222
218
221
222 (21)
1
P8 fat (mm)
1.38
1.83
1.42
1.25
1.28
2.00
1.87
1.58 (0.71)
1
E.M.A. (cm2)
38
40
40
47
48
41
39
42 (4)
2
Muscle score
7.4
7.0
7.1
10.8
8.9
6.8
8.4
8.0 (1.1)
1
P8 fat depth and eye muscle area (E.M.A.) determined by ultrasound imaging.
2
Muscle score scale 1 (= E-) to 15 (= A+), ie 3 increments per National Livestock Language unit (E to A).

The highest mean birth weight was found in the Charolais (4) progeny and the lowest in the Black
Wagyu (6). Liveweight gain from birth to weaning (not shown) averaged 0.82 kg/d overall. P8 fat
depth in types selected for highest marbling potential (2, 6 and 7) all exceeded the overall mean, while
the high yield types (1, 4 and 5) were all below. The European high yield types (4 and 5) had
considerably higher E.M.A. than all others, which was also reflected in their muscle scores. The above
trends are consistent with expected final carcass differences, suggesting body composition at weaning
may be a reliable predictor of subsequent outcome.
Email: john.wilkins@agric.nsw.gov.au
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MILK YIELD, PROLACTIN AND IGF-I IN COWS THAT CALVE IN SPRING OR AUTUMN
J.E. WRIGLEY, C.W. HOLMES and N. LOPEZ-VILLALOBOS
Institute of Veterinary, Animal and Biomedical Sciences, Massey University, Palmerston North

The majority of New Zealand dairy cows calve in spring so that the greatest feed demand coincides with
highest pasture accumulation rates (Garcia and Holmes 1999). Cows that calve in autumn and produce
milk in winter, generally achieve lower peak daily milk yields than spring-calving cows (Garcia and
Holmes 1999; Suksombat et al. 1994). This can be only partly explained by nutritional effects.
Photoperiod effects on circulating IGF-I and prolactin may also affect peak milk production of autumncalving cows (Dahl et al. 2000). The present study was designed to measure concentrations of circulating
IGF-I and prolactin at peak lactation of spring- and autumn-calving cows fed on pasture alone or pasture
supplemented with maize silage.
The experiment was carried out during a 3-week period in the winter month of June 2000 and repeated in
September 2000 with 34 multiparous Friesian cows at peak lactation. Two diets were offered; generous
pasture allowance alone (G), or restricted pasture allowance supplemented twice daily with maize silage
(G + MZ). Cows were ranked according to age, number of prior lactations, and current level of
production, and then blocked into pairs. Each cow within the pair was then randomly assigned to one or
other of the dietary groups.
The linear model included the effects of season, diet, interaction between season and diet, day of
measurement (within season), interaction between day of measurement and diet (within season), and as
covariables, breeding values for milk, protein and fat (as estimated by Livestock Improvement
Corporation, Hamilton) and days in milk. Least-square means for each of the variables studied on days 0,
7, 14 and 21 of the experimental period were obtained using the PROC MIXED of SAS (SAS, 2000).
In both seasons, milk yield was significantly higher (P>0.01) by day 21 for the G group than for the G +
MZ group (24.8 vs 20.3 and 26.3 vs 23.7 litres/day for autumn and spring respectively). Prolactin and
IGF-I were not consistently or significantly different between the two diet groups in either season.
Comparisons between spring- and autumn-calving cows showed that daily milk yield was significantly
lower for autumn-calved cows than for spring-calved cows, by 3.25 litres (P> 0.01). Prolactin
concentration was significantly (P>0.01) higher in spring (5.99ng/mL) than in autumn (4.08 ng/mL), but
there was no difference in IGF-I concentration between season (P= 0.0655).
Prolactin has a role in the initiation and maintenance of milk production (Akers et al. 1980), and data from
the present study indicate that the depressed milk yield in autumn may be associated with decreased
prolactin concentration. IGF-I concentration is thought to be affected by photoperiod (Dahl et al. 2000;
Tucker 2000) although such a relationship was not identified in the present study. However, there may
have been differences in nutrient intake between seasons, due to composition of feed in each season,
which masked seasonal differences in IGF-I concentration. Further investigation is required, and the next
proposed experiment is designed to isolate the effects of IGF-I and prolactin from the effects of
photoperiod for cows grazing generous pasture during winter.
AKERS, R.M., GOODMAN, G.T. and TUCKER, H.A. (1980). Proc. Soc. Exp. Biol. Med.. 164, 115-9
DAHL, G.E., BUCHANAN, B.A. and TUCKER, H.A. (2000). J. Dairy Sci. 83, 885-93.
GARCIA, S.C. (2000). Ph.D. Thesis. Massey University: Palmerston North, New Zealand.
GARCIA, S.C. and HOLMES, C.W. (1999). NZ J. Agric. Res. 42, 347-62.
SAS (2000). SAS/STAT Version 8.1. SAS Institute Inc., Cary, NC, USA.
SUKSOMBAT, W., HOLMES, C.W. and WILSON, G.F. (1994). Proc. NZ Soc. Anim. Prod. 54, 83-6.
TUCKER, H.A. (2000). J. Dairy Sci. 83, 874-84.
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THE EFFECTS OF A WET FLOOR ON DUNGING PATTERNS
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Poor pen hygiene and incorrect dunging patterns have a negative effect on air quality and therefore on
animal health, welfare and productivity (Donham et al. 1989, Banhazi et al. 2000). Dried dung is a
major source of both gaseous and particulate airborne pollutants and hence controlling the generation
of pollutants at its source will greatly improve environmental quality in piggery buildings. Reports
suggest that the first 24 hours is critical in establishing correct dunging patterns in newly stocked pig
pens (Roelofs 1999, pers.com.). The effects of wet solid floors on the establishment of dunging
patterns at the time of stocking the sheds with a new batch of pigs was investigated.
Three pens were randomly selected in a freshly cleaned partially-slatted, naturally ventilated
grower/finisher room housing approximately 92 pigs (mean live weight 55 kg) at a stocking rate of
0.62 m2/pig and the pen floors were thoroughly wetted using a hand held sprayer. The other three pens
in the same room, stocked at the same rate, were used as control pens and the floor of these pens was
kept dry. Dunging patterns were monitored for two weeks as described previously (Banhazi et al.,
2000) and the amount of dung cover on the concreted areas were recorded daily and analysed.
Pigs in the dry pens had better dunging patterns (p<0.001), compared to pigs in wet pens (Figure 1).
At the beginning of the experiment, pigs on wet floors showed poor dunging patterns compared to
those in control pens. While dunging patterns in wet pens improved over time, the experimental pens
still retained elements of incorrect dunging patterns, ie. dunging on the solid floor.

Hygiene level*
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1.5
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Figure 1. Change in dunging pattern over time in the wet and dry pens. (*Value 1 indicates <10%; value 2
indicates between 10 and 50% soiling of the solid floor.)

The results demonstrate the need to have dry floors after cleaning and before re-stocking to avoid the
development of incorrect dunging patterns in newly stocked pig pens. Although, dunging patterns are
believed to be influenced by many factors, wet pen flooring is clearly a risk factor.
Supported in part by the Australian Pork Limited.
BANHAZI, T., CARGILL, C., MARR, G., KEFFORD, A., MOORE, K., KOCH, S., PAYNE, H. and
NICHOLLS, N. (2000). Final Report to PRDC, Canberra, Australia.
DONHAM, K. J., HAGLIND, P., PETERSON, Y., RYLANDER, R. and BELIN, L. (1989). Br. J. Ind. Med.
46:31-7.
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Dried dung is a major source of both gaseous and particulate airborne pollutants in pig sheds. Hence
controlling the generation of pollutants at its source by reducing faecal contamination of pen floors
will greatly improve environmental quality in piggery buildings. The positive effects of improved air
quality on production efficiency, animal welfare and human health is well documented (Donham et al.
1989). A previous study suggested that the wet pen floors will have a negative effect on the
establishment of correct dunging patterns in newly stocked pig pens (Banhazi, 2002, unpublished).
As a continuation of that previous study, the effects of a wet pen floor on established dunging pattern
was investigated. An experiment was conducted to artificially induce poor dunging patterns in pens
with established good dunging pattern, by wetting the pen floors daily.
Four clean pens with good dunging patterns were selected in a partially slatted, naturally ventilated
grower/finisher room housing approximately 90 pigs at a stocking rate of 0.65 m2/pig. For two pens
of the four pens, the floors were thoroughly wetted using 8 litres of water or approximately 1.1
litre/m2. One of the selected study pens housed only male pigs while the other housed only females.
The other two pens in the same room (one with male and one with female pigs), stocked at the same
rate, were used as control pens and the floors of these pens were kept dry. Dunging patterns were
monitored for 25 days as described previously (Banhazi et al. 2000) and the amount of dung cover on
the concreted areas were assessed daily applying a subjective scoring system and analysed using
simple T-test and ANOVA.
In the control pens the correct dunging patterns did not change throughout the experimental period.
The female experimental pen maintained the correct dunging patterns longer as the male experimental
pen, despite the same level of wetting and did not demonstrate the same level of soiling than the male
experimental pen. The male experimental pen broke the correct dunging pattern relatively soon after
the wetting commenced and deteriorated rapidly to a high level of soiling in the pen. Pigs in the dry
pens had an improved dunging pattern (p<0.001), compared to pigs in wet pens (Figure 1).
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Figure 1. Change in dunging pattern over time in the wet and dry pens. ( Value 1 indicates <10%; value 2
indicates between 10 and 50%, and value 3 indicates > 50% soiling of the solid floor.)

The experiment demonstrated that significant wetting of the pen floor will trigger incorrect dunging.
Therefore, care has to be taken when spraying or cleaning pen floors to avoid extensive, daily wetting
of pen floors in pig pens in order to avoid the deterioration of pen hygiene.
Supported in part by the Australian Pork Limited.
BANHAZI, T., CARGILL, C., MARR, G., KEFFORD, A., MOORE, K., KOCH, S., PAYNE, H. and
NICHOLLS, N. (2000). Final Report to PRDC, Canberra, Australia.
DONHAM, K. J., HAGLIND, P., PETERSON, Y., RYLANDER, R. and BELIN, L. (1989). Br. J. Ind. Med. 46:
31-7.
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It is widely acknowledged that the exposure of workers and animals to dust is detrimental to their
health (Iversen 1999) and could also have a harmful effect on productivity. Farm workers are likely to
be exposed to very high concentrations of dust during work activities associated with high levels of
animal movement, such as vaccination or weighing pigs. During such physical activities, the
respiration rate of farm workers is usually increased, further increasing the risk for dust inhalation.
Measures are therefore required to reduce dust levels during such work activities. Applying oil onto
the floors of pig pens has been well recognised as a practical long-term dust reduction technique
(Pedersen 2001). However, the short-term dust reduction potential of oil-spraying immediately
applied before the work activity, has not been studied in Australia. Therefore, the objective of this
study was to investigate the effect of spraying an oil and water mixture on weaner room floors and
horizontal dust collecting surfaces on dust and bacteria concentrations immediately before a simulated
work activity.
Respirable and inhalable dust, and bacteria levels were recorded for three hours in four identical
mechanically ventilated farrowing and weaner rooms housing approximately 11 sows with the litter
and 90 pigs (mean live weight 20.5 Kg), respectively. The floor and all other horizontal dust
collecting surfaces of the trial rooms were sprayed with a canola oil, water and surfactant mixture at a
4:5:1 ratio, at the rate of 20-30ml/m2 using a hand sprayer. Intensive worker activity was simulated by
moving within and between pens for 25 minutes per hour in each room with a five minute break while
moving between rooms for three hours.
The dust and airborne viable bacteria levels were measured using previously described methods
(Banhazi and Cargill 1997). The levels of inhalable and respirable dust and viable airborne bacteria
were measured and compared using one-way ANOVA. The concentration of inhalable dust and viable
bacteria were significantly improved in the trial rooms (Table 1).
Table 1. Concentrations of respirable and total airborne dust and viable bacteria in the control and
treatment rooms.
Inhalable dust
Respirable dust
(mg/m3)
(mg/m3)
a
Control (farrowing)
0.188
2.044a
Treatment (farrowing)
0.109b
0.721b
Control (weaner)
0.580a
2.333a
Treatment (weaner)
0.259a
0.5171b
ab
Values in the same column with different superscripts differ significantly (P<0.02).
Treatment

Viable bacteria
(CFU/m3)
60,288a
14,828b
36,341a
13,736b

This experiment demonstrated that spraying an oil and water mixture immediately before a simulated
high intensity work activity can be used to reduce dust and bacteria levels. It was casually observed
that plastic slats could become slippery when sprayed with oil, posing a potential Occupational Health
and Safety risk for workers. However, based on the results of these trials, spraying an oil and water
mixture on concreted areas prior to high intensity work activities should be recommended and is likely
to reduce the workers' exposure to potentially harmful airborne particles and bacteria.
BANHAZI, T. and CARGILL, C. (1997). In 'Manipulating Pig Production VI' (ed. P.D.Cranwell) p296
(Australian Pig Science Association: Werribee).
IVERSEN M. (1999). In 'Dust Control in Animal Production Facilities', (ed. S. Pedersen) Scandinavian
Congress Centre, Aarhus, Danish Institute of Agricultural Science.
PEDERSEN, S., NONNENMANN, M., RAUTIAINEN, R., DEMMERS, T. G. M., BANHAZI, T. and
LYNGBYE, M. (2001). J. Agr. Safety and Health 6: 261 - 274.
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The high concentration of airborne particles in deep-bedded animal buildings, including straw-based
pig shelters (Banhazi et al. 2000) and horse stables, and the negative effects of high bioaerosol
concentrations on human and animal health, are a concern for the intensive livestock industries
(Cargill et al. 2000). Oil spraying has been used in straw-based shelters (Banhazi et al. 1999), but
there are practical difficulties involved in spraying stables housing horses. The treatment of sawdust
with oil prior to animals entering the buildings is an option. The effects of impregnating sawdust with
canola oil on the concentration of airborne particles inside four horse stables (two control and two
experimental) were studied.
Air quality parameters were recorded for 41 days in four naturally-ventilated horse boxes each
housing one horse. The bedding material (sawdust) was impregnated with canola oil at the inclusion
rate of approximately 5% (w/w), using a hand-held sprayer. Airborne respirable and inhalable
particles were measured as previously described by Banhazi and Cargill (1997). Dust pumps were
operated from 09.00 to 16.00 hours, a period corresponding with the expected highest animal activity.
Carbon dioxide was monitored using Masterman Gas Monitoring Machines, to confirm that
ventilation rates were similar in the boxes. The air quality data were analysed using one-way
ANOVA and parameters were compared between the treatments.
The concentration of carbon dioxide did not vary significantly between treatments but there was a
statistically significant reduction in the concentration of both airborne inhalable and respirable
particles in the experimental facilities (Table 1).
Table 1. Concentrations of respirable and inhalable airborne particles for the control and treatment boxes
Treatment
Respirable dust (mg/m3)
Inhalable dust (mg/m3)
a
Control
0.35
1.13a
Treatment
0.19b
0.47b
ab
Values in the same column with different superscripts differ significantly (P<0.05).

Carbon dioxide (ppm)
553a
551a

The results demonstrate a reduction in the concentrations of both inhalable and respirable airborne
particles in the airspace following the impregnation of sawdust bedding with canola oil. Because of
the similarities of the bedding, the results will have implication for deep-bedded piggery buildings as
well. However, further studies are needed to determine the duration of benefits gained, the minimum
concentration of oil necessary and the effects of oily bedding material on the health of the animals.
Supported in part by the University of Adelaide, Department of Animal Science.
BANHAZI, T., CARGILL, C., MARR, G., KEFFORD, A., MOORE, K., KOCH, S., PAYNE, H. and
NICHOLLS, N. (2000). Final report to PRDC, Canberra, Australia.
BANHAZI, T., CARGILL, C., MASTERMAN, N. and WEGIEL, J. (1999). In 'Manipulating Pig Production
VII' (ed. P.D.Cranwell) p28 (Australian Pig Science Association: Werribee).
BANHAZI, T. and CARGILL, C. (1997). In 'Manipulating Pig Production VII' (ed. P.D.Cranwell) p296
(Australian Pig Science Association: Werribee).
CARGILL, C., BANHAZI, T. and PISANIELLO, D. (2000). Final report to WorkCover. Adelaide, Australia.
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Adequate air quality, including low dust levels, in stables is an important component of good quality
housing for horses (Blunden et al. 1994). Horses appear to be more sensitive to dust than other
species of livestock, and the association between dust and respiratory diseases is much stronger
(Woods et al. 1993). The concentration of airborne particles is influenced by many factors in strawbased pig shelters, including the quality of bedding (Banhazi et al. 2000). The effects of three
different bedding treatments on air quality in horse stables were assessed during the experiment and
compared to "standard" sawdust bedding (control). The effects of (1) sawdust impregnated with
canola oil at the inclusion rate of approximately 7% (w/w), (2) straw bedding and (3) "horse-nappies",
which prevent the bedding material to be contaminated with faecal material on the concentration of
airborne particles inside four horse stables were studied, using 4x4 Latin Square experimental design
over four weeks.
Air quality parameters were recorded for 28 days in four naturally-ventilated horse boxes housing one
horse each. Airborne inhalable particles and temperature were measured as previously described by
Banhazi and Cargill (1997). Dust pumps were operated from 09.00 to 15.00 hours. Carbon dioxide
was monitored using Masterman Gas Monitoring Machines, to confirm that ventilation rates were
similar in the boxes. The air quality data were analysed using ANOVA and parameters were
compared between the treatments.
Temperature and the concentration of carbon dioxide did not vary significantly between treatments,
but there was a statistically significant difference in the concentration of airborne inhalable particles
(Table 1).
Table 1. Temperature and the concentrations of inhalable airborne particles and carbon dioxide for the
control and treatment boxes
Treatment
Temperature (oC)
Inhalable dust (mg/m3)
a
Control (saw dust)
22.2
0.397a
Straw bedding
22.5a
0.606b
a
Horse-nappy
22.2
0.287c
a
Oil-impregnated saw dust
22.3
0.298c
ab
Values in the same column with different superscripts differ significantly (P<0.05).

Carbon dioxide (ppm)
499a
488a
508a
504a

The results demonstrate a significant reduction in the concentrations of inhalable airborne particles in
the horse boxes using either oil-impregnated bedding material or horse nappies. These techniques
would enable horse keepers to improve the environmental quality of horse stables at a relatively low
cost. However, further studies are needed to determine the best method of incorporating oil into the
bedding material, the minimum concentration of oil necessary and the effects of oily bedding material
on the health and wellbeing of the animals.
Supported in part by the University of Adelaide, Department of Animal Science.
BANHAZI, T. and CARGILL, C. (1997). In 'Manipulating Pig Production VII' (ed. P.D.Cranwell) p296
(Australian Pig Science Association: Werribee).
BANHAZI, T., CARGILL, C., MARR, G., KEFFORD, A., MOORE, K., KOCH, S., PAYNE, H. and
NICHOLLS, N. (2000). Final Report to PRDC, Canberra, Australia.
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The negative effects of high concentration of bioaerosol on human and animal health, as well as on
animal welfare and productivity are well documented (Donham et al. 1986; Cargill et al. 1998).
Suspended airborne particles can also absorb toxic and noxious gases as well as bacteria components
and act as vectors for these pollutants. Reducing the concentration of airborne particles in piggery
buildings is therefore an important component of good management and can improve production
efficiency and reduce the potentially harmful effects of long term exposure to humans (Donham et al.
1989). The objective of this research was to evaluate the effects of spraying a mixture of oil and
water directly onto pen floors on the concentration of airborne particles inside a weaner
accommodation.
Air quality parameters were recorded for 32 days in two partially-slatted, mechanically-ventilated
weaner rooms housing 89 pigs (mean live weight approximately 18kg) at the stocking rate of 0.3
m2/pig. The floor of one of the rooms (experimental facility) was sprayed daily with a mixture of
canola oil and water (50:50) at the rate of 3 g/pig (6.3g/m2), using an automatic spraying system,
while the other room was not treated (control facility). Airborne respirable and inhalable particles
were measured as previously described (Banhazi and Cargill, 1997) and compared between the two
treatments. The data were analysed using one-way ANOVA procedures (Statistica 5).
The concentration of both inhalable and respirable airborne particles was significantly reduced in the
experiment weaner facility (Table 1).
Table 1. Concentrations of respirable and total airborne particles, viable bacteria and carbon dioxide for
the control and treatment periods.
Treatment
Respirable dust (mg/m3)
Control
0.208a
Treatment
0.150b
Reduction %
28
ab
Values in the same column with different superscripts differ significantly (P<0.05).

Inhalable dust (mg/m3)
4.023a
2.278b
44

The experiment achieved its aim of demonstrating a reduction in the concentrations of both inhalable
and respirable airborne particles in the airspace following the direct spraying of an oil and water
mixture onto the floor. This study confirmed previously published data (Takai et al. 1995) and the
technique used in the experiment could be used by producers to effectively reduce dust levels in
piggery building. However, further studies are needed to determine the long-term effects of frequent
oil spraying on subsequent surface hygiene of pen floors.
Supported in part by the Australian Pork Limited.
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EVALUATING OIL INCLUSION RATES FOR BEDDING MATERIALS
T. BANHAZI, T. MURPHY, and C. CARGILL
SARDI, Livestock Systems Alliance, GPO Box 397, Adelaide SA 5001.

The high concentration of airborne particles in straw-based pig shelters (Banhazi et al. 2000) and
horse stables, and the negative effects of these pollutants on animal health, welfare and productivity
are a concern for livestock managers. The potentially harmful effects of airborne particles on human
health are also well documented (Donham et al. 1986). It has been demonstrated in previous studies,
that dust levels can be reduced in deep-bedded systems by impregnating the bedding material with
canola oil (Banhazi et al. 1999), however finding the optimal inclusion rate under controlled
conditions, has not been studied. The effects of different percentage of canola oil used for
impregnating different bedding materials on the concentration of airborne particles inside specially
designed “shaker-boxes” were studied.
The shaker box consisted of a sealed plastic box with a volume of 0.94m3, fixed on top of a layered
sieve shaker machine. The lid of the plastic box had two slits cut into it, which enabled dust filter
heads to be inserted into the box together with a supporting structure (metal rods) holding the filter
heads in place. This setup enabled the researchers to use traditional gravimetric measurements inside
the shaker box, without the filter heads being effected by the shaking movement. The two different
types of bedding material evaluated during the trials were sawdust and rice hulls. Each sample was
dried in an 80 oC oven for 2 days prior to the canola oil inclusion rate of 0, 3, 6 or 9%. Inhalable and
respirable particle concentrations were recorded for 6 hours inside the plastic box containing the
bedding material according to previously published method (Banhazi and Cargill, 1997). The
measured dust levels were compared between the 3 treatments, using one-way ANOVA procedure
after the experimental data was pooled for analysis. There was a statistically significant reduction in
the concentration of airborne inhalable and respirable airborne particles (Table 1).
Table 1. Concentrations of respirable (resp.) and inhalable (inh.) airborne particles in mg/m3 at different
oil inclusion rate (%).
Inclusion rate (%)
Sawdust resp.
Sawdust inh.
Rice hull resp.
0
0.150a
4.275a
31.568a
b
b
3
0.075
0.124
0.383b
6
0.060c
0.085c
0.150c
a
d
9
0.100
0.046
0.137c
ab
Values in the same column with different superscripts differ significantly (P<0.05).

Rice hull inh.
224.651a
0.611b
0.246c
0.228d

The experiment achieved its aim of demonstrating a reduction in the concentrations of both respirable
and inhalable airborne particles as a result of oil impregnation. It was concluded that there was a
diminishing return on the amount of oil used for impregnation and based on the results of this study
the optimum oil inclusion rate would be around 3% for sawdust. Higher oil inclusion rate would be
needed for rice hulls to reduce the dust levels below maximum acceptable concentrations.
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BANHAZI, T. and CARGILL, C. (1997). In ‘Manipulating Pig Production VI’ (ed. P.D.Cranwell) p296,
(Australian Pig Science Association: Werribee).
BANHAZI, T., CARGILL, C., MASTERMAN, N. and WEGIEL, J. (1999). In ‘Manipulating Pig Production
VI’ (ed. P.D.Cranwell) p28 (Australian Pig Science Association: Werribee).
BANHAZI, T., CARGILL, C., MARR, G., KEFFORD, A., MOORE, K., KOCH, S., PAYNE, H. and
NICHOLLS, N. (2000). Final Report to PRDC, Canberra, Australia.
DONHAM, K. J, HAGLIND, P., PETERSON, Y. and RYLANDER, R. (1986). Am J Ind Med, 10, 289-93.
Email: Banhazi.thomas@saugov.sa.gov.au

378.

Anim. Prod. Aust. 2002 Vol. 24: 379

OZONE TREATMENT OF AIR IN WEANER ACCOMODATION
T. BANHAZI, J. WEGIEL and C. CARGILL
SARDI, Livestock System Alliance, GPO Box 397, Adelaide SA.

It is important to identify new and practical ways of improving air quality in pig sheds to reduce the
incidence and severity of respiratory diseases, improve production efficiency and animal welfare, and
reduce the potential Occupational Health and Safety (OH&S) problem arising from long-term human
exposure to airborne pollutants in piggery buildings (Donham et al. 1989). Although several strategies
are already available to improve air quality in piggery buildings (Cargill and Skirrow 1997), the use of
ozone has not been extensively investigated in pig production in Australia. Ozone is widely used to
extend the storage life of various agricultural products, by reducing the bacteria load in food storage
facilities (Ricel et al. 1982).
The aim of the study was to investigate the benefits of adding ozone to incoming air in piggery
buildings and its effect on the parameters affecting air quality. Air quality parameters were recorded
in a weaner room for two days (control period) and then the same room was treated with ozone for six
days (experimental period). The change in air quality parameters was then compared between the two
periods.
Cyclone and IOM (Institute of Occupational Medicine) attachments connected to Gilair-5 pumps,
operated from 08.00 to 16.00 hours at 1.9 and 2.0 L/min respectively, were used to measure particles
of less than 5 microns and inhalable airborne particles. An Anderson bacterial sampler, attached to a
GilAir-5 pump and filled with Columbia horse blood agar plates, was used to measure airborne
bacteria for five minutes three times a day. Ammonia and carbon dioxide were monitored using a
MGM Machine.
The concentration of airborne dust and gases was not affected by ozone, however there was a
statistically significant reduction in total airborne bacteria concentration (Table 1). Although
ammonia reduction was also expected as a result of ozone treatment, the low concentration of
ammonia recorded during the control period, did not fall.
Table 1. Concentrations of respirable and total particles, viable bacteria, ammonia and carbon dioxide for
the control and experimental periods.
Treatment

Respirable dust
Inhalable dust
Viable bacteria
(mg/m3)
(mg/m3)
(CFU/m3)
a
a
Control
0.272
1.69
98,000a
Ozone
0.262a
1.70a
73,000b
Reduction %
3.7
-0.59
25
ab
Values in the same column with different superscripts differ significantly (P<0.05).

Ammonia
(ppm)
3.4a
3.5a
-2.94

Carbon dioxide
(ppm)
960a
974a
-1.46

Although adding ozone to the incoming air in a weaner room significantly reduced the concentration
of airborne viable bacteria, other air quality parameters were not affected. However, the concentration
of ozone used in these experiments was only 0.05 ppm, which is approximately 50 % less than the
maximum concentration allowed under OH&S regulations. Further studies are needed to determine
the required dose which will result in improvement in air quality, without exceeding the maximum
safety levels.
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PROTECTION OF THE ENVIRONMENTIN ANIMAL PRODUCTION: BIOSYSTEMS,
ECOLOGY AND WASTE TREATMENT
E.M. BARBER, P.AG., P.ENG.
College of Agriculture, University of Saskatchewan, Saskatoon, Saskatchewan, Canada S7N 5A8

SUMMARY
In this paper, the environmental sustainability of animal agriculture is examined from a systemsengineering perspective. The boundary between the system and its environment is defined so that all
inputs and outputs can be identified. Regardless of how difficult it may be to do so, ultimately animal
production systems have the authority and responsibility to exercise control over all outputs, whether
market or non-market (leakage). Current attempts to regulate animal production systems based on
prescribing allowable technologies and management practices, or based on monitoring the
environment, are failing. Despite the inherent difficulties associated with monitoring leakage,
especially from extensive animal production systems, it is this approach to regulation and management
that has the greatest potential to ensure the long-term environmental sustainability and social
responsibility of animal agriculture.
Keywords: environmental sustainability, leakage, ecosystems
INTRODUCTION
It is generally well accepted today that successful agricultural production systems will be those that are
globally competitive (i.e., economically viable), environmentally sustainable, and socially responsible.
The research connecting these three measures of success has been relatively recent and the examples
of systems documented to meet all three criteria are sparse.
When animal enterprises were small, it was generally assumed that the enterprise could live in
perpetual harmony with its environment so long as we used common sense. For example, animals
might be allowed to drink from a lake in one situation but would not be allowed to wade in a
watercourse within a municipal watershed. Manure might be routinely spread on frozen ground but
only where there was no chance of runoff to a public watercourse. Traditionally, dead animals were
left out for scavenger animals but not if one lived in close proximity to an urban area or to another
livestock enterprise of the same animal species. Today, animal enterprises have become larger and
look less like traditional farms. The rural landscape has become more and more viewed as a resource
to be shared with a multiplicity of users, often users with differing objectives. In wealthy countries,
the public has increasingly been able to direct its attentions beyond security of the food supply to
issues of the environment and to the details of not just the safety of food but also how that food was
produced. Today we are less able to apply common sense and traditional ethics to communicate what
we are doing in animal agriculture, and society is demanding new rules and controls.
In the developed world, agriculture has become very sophisticated and, despite its continuing
definition in world dictionaries as being synonymous with farming the land, has come to be something
quite different. Included within the modern definition of agriculture are the production of plants and
animals for food and non-food uses, and the first-stage processing of those products on and off-farm,
regardless of the extent to which the enterprise depends upon use of the soil. Thus, a greenhouse
enterprise may still be called farming even though from a production standpoint it does not depend
upon a land base. A livestock enterprise may purchase all its feed inputs and may have no need for a
land base except as a foundation for buildings, and yet may defend its practices by claiming itself to be
a farm. Classification of some plant and animal production enterprises that do not require a land base
as rural industries may lead to a more realistic analysis of these enterprises in terms of their
environmental impacts.
As scientists, we have an obligation to assist the animal industry and the public to understand animal
enterprises and the environment as a system. Too often, the debate about animal agriculture is
polarized and politicized, environmental issues are confused with social issues, and insufficient
attention is paid to the many complex interactions within the animal enterprise and between the
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enterprise and its environment. Animal agriculture has sometimes unnecessarily defended its practices
on the basis of “right to farm” principles rather than principles of sustainable environments. In this
paper, the environmental sustainability of animal agriculture is examined from a systems-engineering
perspective. The systems approach is examined for its applicability to the problem of identifying,
monitoring and regulating leakage from animal enterprises.
THE ANIMAL PRODUCTION ENTERPRISE AS A SYSTEM
The systems approach requires us to define a system boundary and to identify all inputs and outputs.
The system itself is made up of many entities (buildings, pastures, equipment, animals) that are
described by attributes (size, age, quality). The system is governed by the rules that define how the
entities interact with each other and with the environment (everything outside the system boundary)
via the system inputs and outputs.
It is not entirely easy to define the system boundary, and the way the boundary is defined will depend
to some extent on the purpose of the analysis. For an environmental analysis, it is logical to identify
the side boundaries of the system coincident with the legal property boundary. The lower system
boundary may be defined as the bottom of the root zone if not covered by buildings or other
permanent features, and by the building-soil interface otherwise. The upper boundary is the most
difficult to define. One possibility is to define this boundary as the lower extreme of the undisturbed
atmosphere with which there is no exchange of material with the air that affects, or is in any way
affected by, the animal enterprise. With this definition, we can assume there is no transfer of airborne
contaminants across the upper boundary.

MARKET OUTPUTS
•Animals
•Animal products
•Dead animals
•Manure
•Manure products

ENTITIES

NON-MARKET OUTPUTS
(LEAKAGE)
•Air contaminants
•Water contaminants
•Soil contaminants
•Rubbish
•Heat
PUBLIC RESOURCE INPUTS
PURCHASED INPUTS
•Energy
•Feed and feed ingredie nts
•Water
•Animals
•Building materials

•Wind energy
•Solar radiation
•Air
•Water

Figure 1. The animal enterprise system

For purposes of this paper, the analysis is limited to material entities, inputs and outputs. Animal
enterprises may influence their environment in non-material ways, for example by blocking site lines
of neighbors, casting shadows on neighboring properties, or imparting psychological impacts on
neighbors, but these effects are not considered here.
To understand the environmental impact of an enterprise, we need to identify and describe all inputs
and outputs through any portion of the system boundary. The animal enterprise has varying levels of
authority and responsibility over inputs and outputs. The enterprise will generally be able to control
purchased inputs and market outputs, and has authority over both the quantity and quality of these
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material fluxes. There may be only limited ability to control the non-market, public resource inputs,
although control may be exercised over the extent to which these inputs interact with the system
entities. For example, the enterprise will not be able to stop the flow of air that enters the system but
may be able to exercise control over the attributes of the air (eg, quality, temperature) as a process
within the system. This analysis also does not account for unusual crossings of the system boundary
such as by unauthorized persons or animals.
Regardless of how difficult it may be to do so, the enterprise always has authority and responsibility to
exercise control over all outputs, whether market or non-market (leakage). It is this responsibility for
leakage from the system that characterizes the modern livestock enterprise and causes us to think in
terms of rural industry.
Having accepted responsibility for all inputs and outputs, we likely will decide that there are some that
we do not need to keep track of. For example, on the input side, we may conclude that the capture of
wind energy by the animal enterprise does not need to be paid for. Similarly, we are likely to conclude
that the heat released to the environment from animal enterprises is not a deleterious leakage. Note,
however, that some animal enterprises might decide to turn waste heat into a resource to be sold to
another enterprise, for example, to a greenhouse operator, in which case a leakage output may be
turned into a market output. There are some examples where inputs of public resources may become
purchased inputs, for example when water for livestock or irrigation becomes scarce or rationed.
Careful identification of all inputs and outputs will demonstrate accountability and may lead to
innovative new market opportunities.
Before considering approaches to regulating and managing leakage from animal enterprises, it is worth
noting again that the definition of the system boundary and of inputs and outputs depends upon the
purpose of the analysis. Most often, farm animal enterprises are analyzed from a business perspective.
In this case, there are inputs and outputs in addition to those identified previously, most obviously
labor, financing and profit. There is a tendency in business analyses to take for granted non-market
(public resource) inputs and to ignore non-market (leakage) outputs. A responsible animal industry
will include all of these environmental inputs and outputs in its economic models.
REGULATING LEAKAGE FROM ANIMAL ENTERPRISES
When animal enterprises become very large, there is a growing pressure to classify them as industrial
land uses, just as a pulp mill or a manufacturing enterprise. Regulatory control of livestock enterprises
is inevitable, but the livestock industry can still influence how regulations are framed and applied.
Environmental regulations typically all require some level of monitoring but are distinguished by
differences in what is monitored. Using the language of systems as described in the previous section,
monitoring to regulate animal enterprises may be applied to the environment (i.e., what is happening
outside the system), to the entities or processes within the system, or to the leakage outputs.
The traditional approach to regulation of farms has been to concentrate on the impact of the system on
its environment, to be aware of changes in the environment and to alter the agricultural enterprise in
response to excessive contamination. Even as cropping systems have become more intensive and the
use of specialized inputs, mostly fertilizer and pesticides, has increased, the agricultural industry has
defended its practices on the basis that impact on the environment has not yet been proven to be
excessive. In animal agriculture, any kind of manure storage might be defended as acceptable so long
as no one can document unacceptable contamination of surface or ground water. Animals may have
free access to surface water courses so long as no other user of the water course objects. This
approach to regulation is reactive as opposed to proactive. There is a sense that the first users of an
environment may use that environment as a sink for contaminants until prescribed contamination
levels are reached (eg, 10 ppm nitrate in groundwater beneath a manure spreading site) but then
subsequent users have no ability to discharge leakage. Those who contributed to contamination
eventually found to be in excess of acceptable standards usually argue against accepting responsibility
for clean-up. In general, future generations must pay for the environmental abuses of the past. The
agricultural industry as a whole should reconsider its traditional dependence on this form of regulation.
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As livestock enterprises have become larger, it has become more common to formulate environmental
regulations in terms of prescriptions for how the enterprise itself is to be constructed and managed.
Regulations might prescribe covers on manure storages to mitigate odor release, low-permeability
liners for effluent ponds to minimize groundwater contamination, injection of land-applied manure to
reduce odor and contamination of surface water, minimum land-base requirements for a given number
of animal units, and use of particular technologies for dead animal disposal. Minimum separation
distances between intensive livestock enterprises and particular adjacent land uses are another form of
prescriptive standard. Prescriptive standards such as these may make monitoring relatively easy (the
prescriptive technology either is or is not used) but they discourage innovation and they deprive
managers from deriving advantage through excellent management.
In many jurisdictions in the developed world, industrial enterprises require a permit to discharge waste
products into the environment, whether the discharge is into the air, water, or soil, or in the form of
solid wastes delivered to stockpiles or landfills. The regulatory approach is not to prohibit leakage but
to monitor the leakage and control it to levels that are predicted to be absorbed on a sustainable basis
by the environment. The regulated enterprise has the ability, and often the incentive, to be creative
about how it achieves the performance levels specified by the discharge permit.
The livestock industry and the public will be best served in the long run by regulations based on
independent monitoring of leakage at the system boundary rather than by applying prescriptive
standards for how animal facilities are to be constructed and managed, or relying on detection of
excessive contamination already in the environment. The public will work with the livestock industry
to decide what levels of leakage are acceptable on a case-by-case basis, recognizing that the
environment of any particular livestock enterprise has some capacity to absorb contaminants.
A performance based regulatory approach will be equally applicable regardless of the size of the
enterprise or the circumstances of the enterprise. Consider, for example, a livestock enterprise that is
operated in close association with a cropping enterprise. So long as we adopt the attitude that
whatever is contained within the system boundary is the business of the enterprise and not of the
public, then any movement of manure from the animal facilities would not need to be regulated.
Instead, the regulatory authority would be exercised at the system boundary of the animal-crop
enterprise and would apply to leakage at that boundary (eg, runoff from fields across public
boundaries, odours escaping the property boundary, movement of contaminants beyond the root zone,
etc).
MEASURING AND MONITORING LEAKAGE FROM ANIMAL ENTERPRISES
Animal production enterprises, as they become larger and more specialized, will need to adopt similar
engineering environmental programs to those that have been applied previously to many other
industrial enterprises. Environmental assessment will precede building permits, and outputs will be
monitored. Intensive animal industries will have to produce scientific evidence for claims about
environmental sustainability.
One challenge associated with measuring leakage from an individual animal enterprise is to
distinguish the outputs of one system from the outputs of adjoining systems. Likewise, the leakage
from a newly established animal enterprise needs to be distinguished from any accumulated leakage
from prior land use activities. Perhaps the biggest challenge is to monitor leakage from extensive
animal enterprises, such as pasture-based systems.
In a recently completed project in Saskatchewan, the environment at and surrounding a new intensive
pig production facility was monitored for one year before construction began and continued for an
additional year while construction was completed and during the start-up phase. There had been no
recent animal agriculture at the site. Odour monitoring and dust collection stations were established at
radiuses of 600, 1,200 and 2,400 meters from the barns. Every 3 months, multiple air samples were
taken upwind and downwind from the barn site along the same radiuses to account for seasonal
variations in weather and wind speeds. Odour monitoring sites were also established in neighbouring
farm yards and were sampled on the same frequency. In the later sampling events, air samples were
also analysed for total dust, endotoxin and microbial DNA. At the barn site and manure application
sites, soil samples were analyzed for chemical composition. Groundwater piezometers were installed
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in a grid beside and beneath the earthen manure storage ponds. Sampling ports were installed in
drains located beneath the barn itself to monitor for leakage from the in-barn manure gutters. Water
samples from all wells and all surface water bodies within 2 km of the barn site were analyzed for
chemical and microbiological constituents. The intention is to resume monitoring after two to five
years of operation of the pig enterprise to document leakage levels.
This experience, along with a great body of published literature, suggests that monitoring leakage from
intensive livestock production systems is feasible, although more research is needed to develop some
aspects of measurement technologies, especially for airborne contamination.
Monitoring for
contamination from animal enterprises confined within buildings is easiest. Monitoring leakage from
field application of manure presents exactly the same difficulty as does monitoring leakage from all
field crop systems and is an area for which research is much needed.
APPROACHES TO REDUCING OR ELIMINATING LEAKAGE
Opportunities to control and manage leakage can be exercised at several key locations within the
animal enterprise system.
It is convenient to categorize the interventions in terms of where the
intervention takes place: (a) modify or control the outputs such that they do not become leakage; (b)
modify entities or processes within the system to minimize leakage; (c) modify the inputs to minimize
leakage.
Modify outputs
Traditionally, livestock enterprises have been operated as part of a joint cropping-livestock system. In
this case, manure is utilized as a soil amendment and plant fertilizer. In a properly balanced system,
there are no leaks from the system associated with manure utilization. As livestock enterprises have
become increasingly separated from crop production, manure has often become a leakage term in the
systems analysis.
The literature is rife with thousands of approaches to minimizing manure as leakage from the standalone animal enterprise. In a few cases, the approach has been to treat the manure physically,
chemically and biologically to reduce it to its basic elements (water, carbon dioxide, nitrogen,
phosphorus etc.), which are then discharged to the environment as innocuous compounds. This
approach is analogous to many municipal sewage treatment systems. While it is theoretically possible
in this way to create a system in balance with its environment, the costs are very high because of a lack
of recovery of components that, in another form, would have value as input to another system.
Further, as with municipal sewage treatment systems, it has usually been the case to only partially treat
the manure and to change or reduce but not eliminate the leakage as a pollutant.
A more conservation-based approach has been to convert manure to a form that makes it valuable as
an input to another system and often to improve it handling characteristics. The technologies are
varied but the goals have been few, usually to convert manure into a soil amendment, plant fertilizer,
energy, animal feed, or substrate for growth of other organisms such as worms.
There remains
considerable scope for optimization of these technologies, and for their uptake by entrepreneurs.
For intensive livestock producers, the greatest impediments to adoption of appropriate technology for
converting manure from leakage into a marketable output may be lack of incentive and lack of
knowledge. It is likely that much manure will be wasted as leakage from animal enterprises until
society attaches a cost to such leakage and passes that cost back to the livestock enterprise. Unrealized
opportunities to reap financial returns through manure treatment and utilization are enough to keep the
interest level high among researchers and entrepreneurs.
In many cases, there is excellent technology available (for example, methane production) and the
technology may be profitable, but the livestock enterprise generally lacks the knowledge and skill
required to operate a biological treatment facility. Whereas some success has been achieved with
community treatment facilities that gather manure from several enterprises, for modern large-scale
livestock enterprises there is sufficient manure at one production site to operate an efficient treatment
facility and thus save the costs of transporting raw manure. Opportunities exist for entrepreneurs to
place manure treatment plants near individual intensive livestock enterprises. The livestock enterprise
would sell manure (as a market output rather than leakage) to the manure treatment enterprise.
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Specialists in biological treatment could operate a series of such treatment plants if several were
located in one geographic area. The outputs of the manure treatment plants would be sold to buyers,
which could include the livestock enterprises from which the manure derived.
Modify entities and processes within the system
Livestock production systems are diverse – there has been little or no standardization of the process of
livestock production. Opportunities abound to design, modify, and manage the livestock production
process to reduce or contain leakage.
Whereas it is most common to modify the engineered entities (buildings and equipment) of the system
to accommodate the biological process (in this case the animal), it is also possible to modify the
biological process to make it easier for the engineered components to work. Animals could be
modified genetically to achieve the goal of less or different excreta, or to otherwise make them more
efficient. For example, experiments are underway to alter the genetic makeup of the pig so as to
increase the efficiency with which it uses dietary phosphorus. In addition to the potential to decrease
feed costs, less phosphorous would be contained within the excreta. When pig manure is utilized
within a closely coupled animal-cropping system, phosphorus tends to accumulate in the soil and can
ultimately become a leakage element, hence there is expected to be an environmental benefit from use
of the modified pigs.
By far the most effective way to minimize leakage from animal production would be to design systems
that more effectively separate the animal from its excreta, and prevent the excreta from escaping the
system in an uncontrolled manner. For most livestock species reared in intensive confinement
facilities, the animal remains in physical contact with its excreta to some extent, and the excreta
remains within the same space as the animal and the human workers. Humans live in cleaner
environments than farm animals primarily because of the use of the common toilet to completely and
rapidly separate excreta and move it into containment for further processing. We should never cease
to strive to emulate this engineering accomplishment in livestock production.
Modify the inputs
The outputs (and leakage) from a system can be affected by the quality of the inputs. Continuing with
the example of reducing phosphorus excretion by modifying the pig, it also is possible to accomplish
the same objective by modifying the feed. Researchers have been able to genetically modify cereal
grains, for example, to reduce the concentration of phytic acid and to increase the efficiency of total
feed phosphorus by the animal and in this way reduce excretion of phosphorus. There are more
opportunities to systematically examine inputs to animal agriculture and to maximize the efficiency
with which all these inputs are used so as to reduce leakage and environmental contamination.
INFLUENCE OF SCALE OF ANIMAL ENTERPRISE ON ECOSYTEM HEALTH
The desire of animal agriculture to be globally competitive from an economic perspective will
continue to drive the industry toward larger enterprises. There is a general hypothesis among the
public that large intensive animal rearing systems pose greater environmental risks than smaller
extensive systems.
Smaller animal enterprises, and enterprises with fewer animals per unit of land area, generate nonmarket outputs (leakage) just as larger ones do, but there will generally be more capacity of the
ecosystem within which they operate to absorb the leakage without creating problems for other users
of the ecosystem. On the other hand, larger, more intensive enterprises, while generating more
concentrated sources of leakage, also have greater ability to control or manage the leakage. In a
recent well-publicized water quality incident in Ontario, several persons in a small community died as
a result of bacterial contamination caused by a low-density animal enterprise. It is technically more
feasible to capture leakage from livestock enterprises that are contained entirely within a building than
it is for a pasture-livestock system.
Experience has indicated that some livestock enterprises have operated in harmony with their
environment, while others have been a source of pollution and nuisance. There are examples of both
small and large, extensive and intensive, animal operations within both groups. For some time now, it
has been technically possible to operate a large intensive animal production system within a heavily
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populated area without creating any adverse effects on the environment other than competition for
space and traffic associated with movement of inputs and outputs. Such production systems do not
currently meet the criterion of economic competitiveness. It may not be technically possible to
operate a pollution-free range-based animal enterprise in the same urban-like setting.
RECOMMENDATION
The key to environmentally sustainable animal enterprises is the ability and willingness to eliminate
leakage. Some leakage will be acceptable in most cases, where the leakage rate is matched to the
capacity of a particular environment to absorb that leakage on a sustainable basis. More generally, all
materials that could become leakage need to be contained within the animal enterprise system
boundary, modified to become innocuous when discharged to the environment, or converted to market
outputs (i.e., inputs to another system). These should be the goals of animal agriculture.
Email: ernie.barber@usask.ca
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HYGIENE AND AIR QUALITY IN INTENSIVE HOUSING FACILITIES IN AUSTRALIA
C. CARGILL, T. MURPHY and T. BANHAZI
South Australian Research and Development Institute
Livestock Systems Alliance, Roseworthy Campus, Adelaide University, Roseworthy, SA 5371

SUMMARY
The standard of air and surface hygiene in intensive animal houses has a significant effect on animal
health and production efficiency, as well as influencing the respiratory health of employees. Over the
past decade, sub-optimal air quality and surface hygiene have been associated with increased prevalence
and severity of enteric and respiratory disease in animals, as well as reduced growth rate. The key
pollutants include gases such as ammonia, carbon dioxide and hydrogen sulphide, and airborne particles
and bioaerosols, consisting of a range of material from organic and inorganic sources. These include
minerals and ash, undigested feed, cellular components of gut epithelium, grain mites, dried dung, skin
and feather dander, as well as a collection of micro-organisms and their cellular components and
metabolic products. The major source of the gases and bioaerosols is the animals and their effluent.
While the effect of the pollutants on animals is not fully understood, it has been demonstrated that a
number of pollutants are capable of initiating an inflammatory response in tissues of the respiratory
system. Various combinations also appear to be capable of triggering immune responses and
physiological changes in animals that result in reduced feed intake and depressed growth rates. It is also
hypothesised that protein and energy are diverted from the development of muscle to maintain the
immune response. The key to improving air quality and surface hygiene is to eliminate pollutants at their
source, or reduce their production. The important factors that have a negative influence on air and
surface hygiene include the farming system practiced, the species farmed, and the size and behaviour of
the animals housed. Other factors include building characteristics, the shed environment, and husbandry.
The characteristics of the building that influence hygiene and air quality include the shape and
dimensions of the building, the ventilation and heating system used and effluent management. Shed
environmental factors include the level of cleaning and disinfection, the state of the pen floors, and
watering and feeding systems, as well as the quality of water used for cleaning and effluent removal.
Husbandry factors include stocking rate and density and shed population size.
Keywords: air quality, surface hygiene, animal housing
INTRODUCTION AND BACKGROUND
Hygiene and air quality in intensive animal housing is a major concern to producers, employees, housing
and farming specialists, and veterinarians involved in the intensive livestock farming industries. In recent
years a number of reports have highlighted the negative effects of sub-optimal air quality and hygiene on
the health and production of animals, as well as the health of workers (Iversen and Pedersen 1990;
Hartung 1994; Donham 1995; Cargill 1999; Cargill and Hartung 2001).
The standard of surface and air hygiene within animal houses depends on a series of complex interactions
between building design and animal management and behaviour. Shed design factors include the shape
and dimensions of the building, the type of system used for ventilation, thermal control, and effluent
management, and the type and quality of the bedding used. Animal management factors include the type
of production system, as well as the stocking density (animals/m3) and the age of the animals. Behavioural
traits, such as dunging patterns, animal activity, aggression and social interaction can also influence
hygiene and air quality (Cargill et al. 1997a; Cargill and Banhazi 2002).
The link between respiratory disease and air quality is well established (Massabie et al. 1991; Donham
1991; Robertson et al. 1990; Cargill and Skirrow 1997) and several factors appear to be involved in the
process. High stocking levels have been associated with reduced air quality, increased prevalence of
respiratory disease, and reduced growth rate (Donham 1991; Skirrow et al. 1995; Cargill and Skirrow
1997; Cargill et al. 1998; Banhazi et al. 2000). In other studies (Murphy et al. 2000), increased stocking
density was associated with reduced growth rate in the absence of respiratory disease, as well as an
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increase in the concentration of airborne bacteria.
Ventilation is a key factor in reduced air quality and in a majority of buildings ventilation rates are
designed to optimise air temperature. However, in most situations this results in a build up of airborne
pollutants (Banhazi et al. 2000). In general, as ventilation rate increases, the level of air pollutants
decreases and air quality improves (Nicks et al. 1989). However, this only applies when a high standard of
surface hygiene is maintained and stocking rates are optimal. In sheds with dirty floors, increasing
ventilation rates will reduce air quality and it has also been demonstrated that ventilation rates cannot
compensate for sub-standard hygiene (Banhazi et al. 2000).
Air quality also raises major occupational respiratory health concerns for the intensive farming industries
(Cargill et al. 2001). In a review by Donham (1995), and in a number of European countries (Sisgaard
pers comm.), occupational health issues are regarded as more important than the adverse effects of poor
air quality on animal production.
The key airborne pollutants include dust and airborne particles, gases, and a range of micro-organisms.
However in reality, the airspace is filled with the gases, inorganic dust and a mixture of bioaerosols from
several sources (Cargill and Skirrow 1997; Pedersen et al. 2001).
THE MAJOR SOURCES OF POLLUTANTS
Gases
Ammonia is the most important gas present in animal houses and although the current target for pig sheds
in Australia is less than 7 ppm (Pointon et al. 1995), concentrations on most farms are between 3 and 20
ppm (Skirrow et al. 1995; Banhazi et al. 2000).
The main source of ammonia is dung and effluent, and high levels of ammonia can be an indicator of both
poor effluent disposal, as well as poor ventilation. Because sheds are ventilated for temperature control,
the concentrations of ammonia tend to peak in the early morning (Cargill and Skirrow 1997). As
concentrations are highest at slat level, animals in sheds with totally slatted floors are exposed to
maximum concentrations whenever they are recumbent (Cargill and Banhazi 2002; Aarnink and Swierstra
1995; Gerber et al. 1991). By comparison, with partially slatted floors, animals lying on clean solid floor
receive minimum exposure. However, if floors are dirty and covered with dung, exposure levels may be
higher (Cargill and Banhazi 2002). Other factors that increase ammonia levels include air movement
across the surface of the slurry, and increasing pH and temperature of slurry (Pedersen 1993).
Concentrations of ammonia vary in deep litter systems, and are highest when animals or humans disturb
the litter (Banhazi et al. 2000).
Carbon dioxide is the other major gas in sheds and it serves as a good indicator of ventilation efficiency.
However, in the majority of sheds monitored, levels are within acceptable ranges (Banhazi et al. 2000).
Problems with hydrogen sulphide, although recorded in overseas countries, have not been identified in
Australia.
Airborne particles and bioaerosols
Dust can be classified as inorganic (dry matter, ash minerals) and organic bioaerosls. The bioaerosols or
particulate matter may include undigested feed, grain mites, feed additives, dried dung and urine, skin
dander, viable and non-viable bacteria, bacterial cell wall components (endotoxins, 1,3 beta-glucan and
peptidoglycan), fungal elements and spores, mycotoxins, and microbial proteases and tannins.
Using gravimetric methods, total dust usually refers to all airborne particulate matter in the airspace with a
particle size of less than 20 µm. Inhalable dust is measured using an Institute of Occupational Medicine
(IOM) sampler and contains particles of greater than 20 µm (Pedersen et al. 2001). While inhalable and
total dust are not exactly the same, the majority of particles in these fractions will be trapped in the upper
respiratory tract. Respirable particles are those of less than 5 µm and may be deposited in the alveoli and
air sacs of the lungs (Cargill and Skirrow 1997). The percentage of the respirable fraction in Australian
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pig sheds has been recorded as 14% for growers and 15% for farrowing houses, up to 18% for finisher
sheds (Banhazi and Cargill 1999).
The major sources of bioaerosols are the animals, their excretions, feed and bedding. They include
undigested feed, cellular components of gut epithelium, grain mites, feed additives, as well as a collection
of micro-organisms and their cellular components and metabolic products (Donham 1995; Cargill and
Skirrow 1997). Gram-positive organisms are the most common airborne bacteria found in pig and poultry
sheds (Skirrow et al. 1995; Cormier et al. 1990) and by far the majority are non-pathogens (Cargill and
Banhazi 1996). Only about 10% of the organisms present are viable (Cargill and Skirrow 1997). In
Australian studies, high levels of Streptococci spp have been recovered in air samples from pig buildings
(Skirrow et al. 1995) and a close association has been demonstrated between the concentration of viable
streptococcal organisms and pleurisy prevalence, as well as viable bacteria and growth rate (Murphy et al.
2000). The current recommendation for maximum levels of viable airborne bacteria in Australian
buildings 100,000 colony forming units (cfu’s)/m3. Concentrations of respirable endotoxin, ranging from
23 EU/m3 in farrowing sheds to 34 EU/m3 in finisher sheds and 85 EU/m3 in straw based shelters, have
been recorded in Australian pig sheds (Banhazi et al. 2000). These levels are above the current level of 23
EU/m3 recommended for animal houses in the northern hemisphere (Donham and Cumbro 1999). The
recommended maximum level for total endotoxin is 600 EU/m3 (Donham and Cumbro 1999).
As mentioned previously, a strong correlation exists between stocking density (animals/m3 airspace) and
concentrations of airborne bacteria (Wathes 1994; Cargill and Banhazi 1996). Doubling the airspace has
the same effect on levels of airborne bacteria as increasing air exchange rates from 6 to 30 air
changes/hour. In most naturally ventilated sheds it is much easier to reduce stocking density than increase
air exchange (Skirrow et al. 1995). A number of other factors have been shown to influence the level of
particulate matter and bioaerosols in sheds. These include the type and size of shed, the management and
production system, the standard of surface hygiene, the season, ventilation rate, effluent management,
bedding, temperature, humidity, and various interaction between these factors (Skirrow et al. 1995;
Gustafsson 1994; Banhazi et al. 2000; Cargill et al. 1997b, 2000). Levels fluctuate from day to day, as
well as during the day, with high levels being associated with animal and human activity (Cargill et al.
1997a). The highest levels are associated with feeding, sweeping and removal of effluent and bedding, and
moving and weighing animals. Low humidity, as well as very high and low levels of ventilation, result in
increased dust levels (Pedersen 1989). Interestingly, as the ventilation rate increases, the concentrations of
airborne particles decrease at first, but then increase as ventilation increases further (Banhazi and Cargill
1999). Increasing ventilation will only reduce ammonia levels if hygiene is good. (Banhazi et al. 2000).
THE EFFECTS OF POLLUTANTS ON ANIMALS AND HUMANS
Ammonia
Short-term exposure to concentrations above 35ppm can induce inflammatory changes in the respiratory
mucosa of animals, as well as reducing bacterial clearance from lungs (Johannsen et al. 1987). There is no
clear consensus on the physiological effects of lower concentrations but ammonia may also interact with
other biological agents to enhance inflammatory changes (Gustin et al. 1994). Humans experience
respiratory symptoms when ammonia concentrations are around 7 ppm, especially in dusty conditions
(Gerber et al. 1991), and suffer severe eye and nose irritation at levels above 35 ppm.
Bioaerosols
The role of airborne non-pathogenic bacteria on the health of animals and humans is unclear. The
percentage of organisms that are inhaled into the lungs will vary from shed to shed and will depend on the
percentage of the particles containing organism that are respirable. It is hypothesised that the organisms
themselves, and their products and components, are capable of triggering immune responses and
physiological changes in animals. In the case of birds, this may be a reduction in feed intake, as well as a
diversion of protein and energy away from the development of muscle to the immune system (Kelly et al.
1987; Klasing et al. 1987; Klasing and Barnes 1988). Several in vivo and in vitro studies have
demonstrated that endotoxins, moulds, and organic dust activate the epithelial cells and alveolar
macrophages (Robinson 1994; Rylander 1994). Aerosol exposure to endotoxins and 1,3 beta-glucan also
389.

Anim. Prod. Aust. 2002 Vol. 24: 387-393

modifies the cell population present in the respiratory tract (Fogelmark et al. 1994). In humans, exposure
to bioaerosols has also been shown to cause a broncho-constriction, hyper-responsiveness and increased
inflammatory cells in bronchial alveolar lavage fluids in naïve human subjects (Malberg and Larsson
1992). Experiments using nasal lavage show that pig house dust containing different concentrations of
endotoxins increases the inflammatory reaction of the nasal mucous membranes of humans significantly
(Nowak et al. 1994). Endotoxins provoked prominent reactions associated with an inflammatory response,
whereas dust, which was free of endotoxins, did not. The broncho-constrictive effects of bioaerosols have
also been demonstrated in guinea pigs (Zuskin et al. 1991) as well as stockpersons in Sweden and north
America (Donham 1995).
CONTROLLING AND REDUCING IN-DOOR POLLUTION
The levels of airborne pollutants present in animal houses are dependent on the relationships between the
“sources” and the “sinks” within the building (Wathes 1994). Hence the most effective strategy for
reducing the concentration of airborne particles is to eliminate their source or minimise their production.
In recent studies in Australia, emphasis has been placed on identifying the key building, husbandry and
environmental factors that increase levels of pollutants, with emphasis on factors that have a negative
influence on surface and air hygiene (Cargill and Banhazi 2002).
The husbandry and production system operated on the farm has a key influence on air and surface
hygiene. Although all-in/all-out systems have been used effectively to control disease and improve
hygiene standards in the broiler industry for several decades, they have only been used in pig farming in
Australia during the last decade. However, recent research has confirmed the value of adopting more
innovative management systems to improve air and surface hygiene in both new and existing sheds
(Banhazi et al. 1999a; Cargill et al. 1997a; 1998; 2000). Systems such as batch farrowing and agesegregated rearing, which incorporate all-in/all-out management and cleaning between batches, enable
higher standards of hygiene and air quality to be achieved. Provided good dunging patterns are
maintained, a high standard of air hygiene is also maintained (Banhazi et al. 2000). All-in/all-out
management system also provide an opportunity for carrying out maintenance to repair broken slats,
leaking pipes and drinkers, and broken feeders, all of which can have a negative effect on hygiene and air
quality. Other husbandry factors that improve hygiene include reducing stocking rate (kg animal/m2) and
stocking density (kg animal/m3), limiting shed population size and encouraging good dunging patterns.
Stocking rate (kg animal/m2) has been shown to impact on pen hygiene and has been identified as a risk
factor for both enteric disease (Madec and Leon 1999) and respiratory disease (Skirrow et al. 1995).
Overcrowding is also associated with poor dunging patterns, which in turn reduce hygiene standards
(Banhazi et al. 2000). The finding that stocking density may reduce air quality in terms of increased
bacterial load, and hence reduce growth rate in the absence of respiratory disease (Banhazi and Cargill
1998; Murphy et al. 2000), is significant and emphasises the importance of providing adequate airspace
for animals.
The key housing factors that influence air and surface hygiene include shed volume and ventilation rate,
the size of the ridge vent and sidewall shutters (in naturally ventilated sheds), and the depth of effluent
channels. Assessment of air quality in a large number of sheds in Australia indicates that the maximum
width of a naturally ventilated shed should not exceed 12 metres. The evidence suggests that 10 metre
wide sheds perform the most efficiently. In 26 sheds assessed for air quality in previous projects, the
correlation between shed width and concentrations of bacteria was -0.54 (P<0.01) (Cargill and Banhazi
2002).
Shed height determines the amount of airspace provided, as well as the angle of the roof pitch and the
space available for sidewall openings. All of these factors influence ventilation rate (Cargill and Skirrow
1997). Other factors include the width of the ridge vent, and the height of the ridge cap. Currently it is
recommended that sidewall openings should be a minimum of 20% of the width of the shed and the width
of the ridge vent at least 10% of the width of the shed. The recommended angle fort the roof pitch is a
minimum of 15% (Cargill et al. 2000).
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Although the majority of sheds are designed to maintain a constant temperature, and limit diurnal
variations, the evidence is that most sheds fail to achieve these goals (Banhazi et al. 2000). Because
ventilation is set to maintain an optimal thermal environment, it also fails to reduce the concentration of
pollutants to acceptable levels. One strategy to overcome the problem is to include a flushing cycle in the
automated shutter controls, so that the shed is flushed with fresh air during the night. This approach
requires further validation to determine the time sheds need to be opened to flush the shed with clean air
without compromising room temperature. Purging or flushing the airspace, by increasing ventilation rates
or opening shutters for short periods, is considered useful as it will clear not only excess carbon dioxide
but ammonia as well, without a long term drop in temperature (Cargill and Banhazi 2002).
Modifying ventilation systems, so that air inlets are at human head hight and outlets are below the slats,
has successfully reduced the exposure level of humans to both respirable and total dust (Klooster et al.
1993). Air filtration systems have been used, but these are difficult to assemble and operate in naturally
ventilated sheds. Ionisation of the airspace as a method to reduce airborne dust levels has not been widely
examined under commercial production methods.
Because effluent is a major source of a number of key airborne pollutants, factors such as the type of
effluent system, the use of recycled water, and the distance between the surface of the slurry and the base
of the slats (Madec and Leon 1999) all impact on air and surface hygiene. Broken and blocked slats, as
well as air entering the shed through openings over the pits at the end of the sheds will exacerbate the
problem. Modifying diets by lowering protein levels and improving amino acid balance and adding yucca
extracts and enzymes, (Cole 1994) will also reduce ammonia emissions.
Ensuring that effluent disposal systems operate efficiently is important. One of the best solutions is to use
slatted floors over effluent channels and to remove dung frequently using a scraper followed by flushing.
An alternative is to flush effluent channels frequently with a large quantity of fresh water (Groenestein
1994). In Australia, where fresh water adds a significant cost factor to the operation, the use of recycled
water is desirable from an economic viewpoint, but it can creates with air quality (Cargill and Banhazi
2002).
Cleaning is an essential part of all-in/all-out production and the value of cleaning pens has been confirmed
in Australia (Cargill and Banhazi 1998). Although air quality and pen hygiene will deteriorate over time,
sequential studies have demonstrated that it will take several weeks before the concentrations of pollutants
reach pre-cleaning levels (Cargill and Banhazi 1998). In the few studies recorded where scraping, hosing
and pressure hosing have been compared, it was found that both hosing and pressure washing are
significantly superior to scraping, but that pressure washing is only marginally better than hosing
(Arboleda et al. 2001). However, in pens that have not been cleaned for some time, pressure washing is
essential (C. Cargill unpublished data).
Using disinfectants following cleaning will also have a positive effect on subsequent hygiene (Madec and
Leon 1999; Arboleda et al. 2001), especially on old and cracked floors. However, as many disinfectants
are inactivated by organic material (dung etc), cleaning must be thorough (Cargill and Banhazi 2002).
Although the reasons for poor dunging patterns are not well understood, overcrowding, draughts or air
movement over the pens, and wet floors are known to be significant causes. To achieve and maintain good
dunging patterns, it is essential that floors are dry before pens are re-stocked and that all draughts are
eliminated. Watering systems need to well maintained to prevent wet floors and wet litter, and feeding
systems need to be designed to avoid damaging pellets (Cargill et al. 1995) and to deliver feed into
covered bins (Cargill and Banhazi. 2002).
While the use of bedding is common in the broiler industry, it is limited to deep litter systems in the egg
and pig industries. However, litter can be a major source of airborne particles and bioaerosols (Banhazi et
al. 2000).
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Spraying feed with vegetable oil, or adding it to the diet, has also been recommended, but while total dust
levels may be reduced, there appears to be little effect on respirable particles (Welford et al. 1990; 1992).
A more promising alternative is to spray pigs and floors with mixtures of oil and water (Takei et al. 1995;
Banhazi et al. 1999b; Banhazi et al. 2001). Banhazi et al. (1999c) have also pioneered the method for
reducing airborne particles and bioaerosols in deep litter systems housing pigs. A similar system, which
sprinkles the shed with vegetable oil only, at a rate of 5 to 20 ml/square metre of floor space/day, has been
developed in Canada (Zhang 1996).
Regular fogging of sheds with products such as Virkon S®, at recommended rates can also help reduce
bacterial levels. However, the results tend to vary from shed to shed and the effects tend to be more
dramatic in sheds with high bacterial loads than in sheds where levels are only slightly above target levels
(Cargill and Skirrow 1997). Fogging with Virkon S certainly appears to be superior to fogging with water
only.
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INTERACTIONS BETWEEN HOUSED LIVESTOCK AND THEIR ENVIRONMENT
T.G.M. DEMMERS, C. M. WATHES and A.R. FROST
Bio-Engineering Division, Silsoe Research Institute, Silsoe, Beds MK45 4HS, United Kingdom

SUMMARY
The aerial environment of housed livestock has a significant impact on the behaviour and growth of livestock.
Aerial pollutant emissions from livestock production, especially ammonia, form a large part of the total UK
emission to the environment. Improvements in the management of livestock and the design of housing systems
will have to embrace effects on both the production parameters as well as improvements in the aerial
environment to satisfy increasing demands by legislation to improve animal welfare standards and reduce aerial
pollutant emissions for livestock production systems. At the same time increased demands are put on livestock
managers, who have to satisfy a range of often conflicting criteria, varying from feed strategy through to welfare
issues. To aid livestock managers, integrated management systems are being developed to control
simultaneously more than one, and ideally all, interrelated processes involved in livestock production. Current
developments in integrated management systems show that growth parameters can be effectively controlled and
do have a significant impact on pollutant emissions in broiler production.
Keywords: livestock, management, production, environment
INTRODUCTION
Considerable progress has been made in environmental design and management for livestock over the past 40
years and longer. A common and successful approach has been (i) to characterise the physical environment
experienced by livestock on the farm, (ii) to measure and model an animal’s corresponding physiological,
behavioural, production and other responses; and (iii) to use these results in the design and construction of
control systems to manage or manipulate the physical environment to which livestock are exposed. Notable
examples of this approach include the study and management of the thermal environment for all the farmed
species, both when housed and outdoors, and light photoperiod for poultry in so far as it affects reproduction.
The design of ventilation systems has been the key to many aspects of environmental control in livestock
housing, and the physical principles of air movement have been translated successfully into various proprietary
designs employing either natural or mechanical ventilation.
However, current systems of environmental design and management may not satisfy the customer’s
specifications for livestock products and meet increasingly stringent regulations on farming methods that aim to
diminish the environmental impact of livestock production or provide a higher standard of animal welfare, for
example. Society’s view on what constitutes acceptable agricultural practice is changing rapidly in Europe.
Resolution of the various conflicts that arise in livestock production requires integrated solutions if potentially
competing demands are to be satisfied. Integration can take many forms and several are presented in this paper.
The interaction between an animal and its physical environment is complex and dynamic. It is emphasised by
Monteith (1973) who observed that “the presence of an organism modifies the environment it is exposed to, so
that the physical stimulus received from the environment is partly determined by the physiological response to
the environment”. Although housed livestock have been selected and bred to thrive in the environment
provided, these conditions are significantly different from their natural environment and may significantly
change their behaviour. Therefore, the best option is not to attempt to recreate the natural environment of pigs,
but instead to provide an artificial physical environment that creates a symbiotic interaction with the animal and
satisfies current demands of sustainable agricultural production.
In this paper, we argue that further progress in environmental design and management for livestock production
requires development of integrated systems to manage both production and environmental processes. This, in
turn, will allow many potential conflicts in livestock production to be identified and, hopefully, resolved. The
emphasis is on the aerial environment of housed livestock, particularly pigs. This paper is partially based on
articles that have been published elsewhere (Wathes 2001; Wathes et al. 2001).
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AERIAL POLLUTANTS IN LIVESTOCK PIG BUILDINGS
The air within livestock pig buildings seethes with a cocktail of bioaerosols and gases. Both composition and
concentration of the cocktail vary according to animal husbandry and the building’s design and management.
Table 1 lists the concentration and emission rates of the common aerial pollutants from short-term
measurements made over 24 h in a large survey of 64 pig houses in four countries in Northern Europe.
Amongst all classes of pigs, the mean mass concentration of dust and endotoxin was highest in weaner buildings
with slats. The composition of the dust was not determined in this survey. For comparison, the current UK
occupational exposure limit for human health is 10 mg m-3 for total inhalable dust and 4 mg m-3 for the
respirable fraction of dust (Health and Safety Executive 2001), while Donham et al. (1995) recommend 2.5 and
0.23 mg m-3, respectivelyalso on grounds of human health.
Table 2 shows that dust can be characterised in a variety of ways though most workers restrict themselves to
mass concentration, presumably because of the tedium and expense involved in identifying and classifying
individual dust particles. Painstaking work by Heber et al. (1988) showed that in samples from finishing
buildings, feed was the major source of particles over 5 µm. Measurement of the physical properties showed
that starch particles had a geometric median diameter (GMD) of 12.5 µm and a mass median diameter (MMD)
of 21.0 µm, while the corresponding values for grain meal were 8.6 µm and 17.9 µm respectively. For all dust
particles, the GMD was 2.6 µm and the MMD was 18.5 µm. The finer respirable particles are difficult to
identify microscopically. Donham et al. (1986) suggest that faecal material is the predominant source of
particles about 1-2 Φm diameter while hair and skin account for only 1% and 10% of all particles with a
diameter between 11 and 16 Φm (Honey and McQuitty 1979). With the exception of these quantitative studies,
most authors are content to state merely that the main sources of pig dust are feed, faeces, bedding and skin
squames.
Table 2. Important properties of airborne dust (Wathes et al. 2000)
Physical
Chemical
Microbiological

Concentration of particles by number and mass
Size distribution of particles by number and mass
Chemical composition, particularly of toxins and allergens
Source materials
Number of viable and non-viable bacteria, viruses and fungi, including
Fungal propagules
Endotoxin content

Most studies of noxious gases in piggeries have focused upon ammonia, partly because it is toxic but also
because of its role in acid rain. However, over 100 gaseous compounds have been identified in the air of
livestock buildings (Hartung 1988); most are simple odourants, that may still give rise to complaint amongst
neighbours, while some are greenhouse gases. The concentrations of most of these gases are usually in the parts
per million range or lower with the exception of carbon dioxide where the concentration can be 5 to 10 times
higher than ambient when the ventilation rate is slow. The mean concentrations of ammonia in Table 1 mask
the short term fluctuations of hourly concentrations in livestock pig buildings which ranged between 17.9 and
36.7 ppm in four countries (Groot Koerkamp et al. 1998).
The final category of aerial pollutants in weaner buildings is micro-organisms and their components. The
majority of these will be non-pathogenic Gram positive bacteria (Crook et al. 1991) at a concentration of
approximately 106 colony forming units (cfu) m-3. Smaller numbers (#105 cfu m-3) of Gram negative bacteria
and fungi will also be found (Seedorf et al. 1998). The majority of airborne microbes will be non-pathogenic.
However, some opportunistic pathogens, such as Pasteurella multocida, and primary pathogens, e.g. African
swine fever virus and Bordetella bronchiseptica, can be isolated from the air in numbers that depend on the
shedding rate from the host and their viability whilst airborne. Endotoxins arise from the breakdown of the
outer cell wall of Gram negative bacteria and have been implicated in occupational respiratory disease in pig
stockmen. Typical concentrations range between 14 and 351 ng m-3 for the inhalable fraction and 2.7 and 32.6
ng m-3 for the respirable fraction (Table 1).
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Table 1. Mean concentrations and emissions of aerial pollutants in pig housing in Northern Europe
Inhalable dust
(mg m-3)
Sows on litter, n=16
England
Germany

Respirable dust
(mg m-3)

Mean concentration
Inhalable
endotoxin
(ng m-3)

Respirable
endotoxin
(ng m-3)

Ammonia

Mean emission rate
Respirable dust
emission
(mg h-1 per pig)

Ammonia emission
(mg h-1 per pig)

(ppm)

Inhalable dust
emission
(mg h-1 per pig)

0.63

0.16

38.0

2.2

5.1

57

23.1

303

1.64

0.12

566.7

52.4

12.5

301

18.2

1298

Sows on slats, n=32
Denmark
England
Germany
Netherlands

3.49
0.86
1.13

0.46
0.09
0.11

25.8
32.6
7.8

4.2
0.9
6.4

8.7
11.0
10.2

408
59
47

60.6
5.7
5.6

730
503
325

1.20

0.13

64.4

2.3

17.8

64

7.4

535

Weaners on slats, n=32
Denmark
England
Germany
Netherlands

3.37
5.05
2.80

0.15
0.43
0.29

193.5
41.4
14.4

19.9
9.8
2.7

5.3
7.8
4.5

43
17
24

1.6
1.5
2.3

45.8
26.0
22.0

3.74

0.32

351.3

32.6

4.6

78

7.4

26.6

Finishers on litter, n=16
Denmark
England

1.21

0.10

178.0

21.0

9.1

92

7.1

394

1.38

0.15

134.0

9.9

4.3

57

6.5

108

7.0
8.4
7.4
4.3

391
185
308
385

Finishers on slats, n = 34
Denmark
2.08
0.16
100.0
7.7
14.9
74
England
2.67
0.29
106.0
8.8
12.1
55
Germany
2.31
0.18
99.7
10.4
14.3
78
Netherlands
2.61
0.24
101.2
12.6
18.2
67
Original source: dust – Takai et al. 1998; endotoxin – Seedorf et al. 1998; ammonia – Groot Koerkamp et al. 1998
Each of 64 buildings was surveyed over 24 h once in winter and in summer; two extra buildings were included in the German survey in summer.
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The final category of aerial pollutants in weaner buildings is micro-organisms and their components.
The majority of these will be non-pathogenic Gram-positive bacteria (Crook et al. 1991) at a
concentration of approximately 106 colony-forming units (cfu) m-3. Smaller numbers (#105 cfu m-3) of
Gram-negative bacteria and fungi will also be found (Seedorf et al. 1998). The majority of airborne
microbes will be non-pathogenic. However, some opportunistic pathogens, such as Pasteurella
multocida, and primary pathogens, e.g. African swine fever virus and Bordetella bronchiseptica, can
be isolated from the air in numbers that depend on the shedding rate from the host and their viability
whilst airborne. Endotoxins arise from the breakdown of the outer cell wall of Gram-negative bacteria
and have been implicated in occupational respiratory disease in pig stockmen. Typical concentrations
range between 14 and 351 ng m-3 for the inhalable fraction and 2.7 and 32.6 ng m-3 for the respirable
fraction (Table 1).
The variety of both the sources and types of aerial pollutants in livestock pig buildings poses several
problems for abatement. Firstly, clear specifications have yet to be set in terms of animal production
and health, though the Commission Internationale du Genie Rural has recommended threshold values
for ammonia and dust (CIGR 1992) for livestock while Government agencies, e.g. the Health and
Safety Executive in the UK, have proposed tolerable limits for aerial pollutants to maintain human
health. Secondly, it is not clear whether attempts to control the burden of one pollutant may exacerbate
exposure to another. The development of abatement techniques is a topic of active research. Good
progress has been made in the use of oil spraying to reduce airborne dust (e.g. Takai et al. 1993). This
works by minimising the resuspension of dust after it has settled within the building. Although its
adoption is less advanced, one promising technique to reduce ammonia emissions from pig buildings
and waste stores is dietary manipulation to lower excretion of urea and proteins (Phillips et al. 1998).
Environmental control in a pig building therefore means more than a thermostat operating a ventilation
system and integration of both thermal and air quality criteria will be necessary.
REACTION TO AMMONIA BY PIGS
The ancestors of the domestic pig evolved in a woodland habitat in which pollutant gases were not
present at concentrations typically found in modern weaner buildings. There can be no reason a priori
for the pig to have developed adaptive behaviour when faced with these gaseous pollutants. On the
other hand, as the pig roots through the woodland soil, it is likely to be exposed to a heavy burden of
inhaled dust particles, which are filtered effectively by the turbinates in the snout.
Ammonia gas is an irritant that, in humans, is detectable at 5 to 50 ppm, causes irritation of mucous
surfaces at 100-500 ppm after 1 h and is rapidly lethal after exposure to 10,000 ppm (Nordstrom and
McQuitty 1976). Although the occupational exposure limit is 35 ppm for a short term exposure of 15
min or less and 25 ppm over 8 h (Health and Safety Executive 2001), the initial reaction of most
people to such atmospheres is avoidance followed by habituation if the exposure is prolonged.
A similar avoidance of ammonia has been observed in juvenile pigs (Jones et al. 1996). In a freechoice preference test, pigs made fewer visits of shorter duration to ammoniated atmospheres versus
fresh air (Table 3). Overall, 80% of their time was spent in an atmosphere of 10 ppm or lower,
indicating a clear preference for fresh air. Although only a small proportion of time was spent in 20 or
40 ppm ammonia, the length of each visit suggested a delayed aversion to ammonia. In subsequent
experiments, either single or pairs of juvenile pigs were given a forced choice between either thermal
comfort or fresh air (Jones et al. 1999). Thus heat was provided along with 40 ppm ammonia (HP) in
one compartment while the other was unheated and contained fresh air (FA). As the air temperature
fell below the animals’ lower critical temperature (16.3-21.0oC), the single pigs became increasingly
motivated for warmth rather than fresh air. The mean duration of the visits to HP was six times longer
than to FA, over an air temperature range from 0 to 15oC (Table 4). Paired pigs were also given a
choice between HP and FA, which was provided in four compartments so that individuals could make
separate choices. In this case, the pig’s motivation for companionship was stronger than any one
individual’s preference for an alternative environment. As before, the paired pigs increasingly
preferred HP over FA as the air temperature fell.
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Table 3. Back transformation (from a logit) of mean relative time spent, visit number and visit duration
by all pigs to each ammonia concentration (n = 8 pigs: Jones et al. 1996)

Time spent (%)
Visit number
Visit duration (min)

Nominal ammonia concentration (ppm)
10
20
26.9
7.1
37.1
21.7
72.0
39.6

0
53.4
46.2
101.4

40
5.1
17.5
32.1

Table 4. Mean and standard error of the number and average duration of visits made to each option
(Jones et al. 1999)
Choice option

Single pigs, n= 8
Heated
Unheated
40 ppm ammonia
fresh air
HP
FA
Mean
s.e.
Mean
s.e.

Paired pigs, n=8
Heated
Unheated
40 ppm ammonia
fresh air
HP
FA
Mean
s.e.
Mean
s.e.

Visit number

27.1a

21.4a

Average visit duration (min)

207.6

a

0.1
19.4

25.9b
30.5

b

0.1
19.4

264.5

a

0.1
19.4

20.1b
29.1

b

0.1
19.4

Within an experiment, means with different superscripts are significantly different (P<0.001).

These findings demonstrate that juvenile pigs prefer to maintain thermal comfort rather than endure a
cold environment of fresh air. The reasons for the delayed aversion are unknown but clearly sudden
exposure to such high concentrations of ammonia was not sufficiently aversive for the animals to
leave immediately. Jones et al. (1996) suggest that the animals may have gradually developed a sense
of malaise, which eventually drove them to seek fresh air. Presumably, the domestic pig has not
evolved a set of behavioural and physiological mechanisms that would allow it to make the necessary
adaptive responses in the presence of noxious atmospheres of ammonia.
AERIAL POLLUTANTS AND RESPIRATORY DISEASE IN WEANER PIGS
The effects of aerial environment in pig productivity were reviewed by De Boer and Morrison in 1988.
Their major conclusions still apply today and were that (i) the tolerance limits for aerial exposure have
not been defined; (ii) potential interactions between aerial pollutants have rarely been examined; (iii)
dust plays an important part in the aetiology of disease; (iv) dusts and gases may reduce productivity
directly, or indirectly by affecting health; (v) respiratory diseases are of great economic importance
world wide; and (iv) the key features of building design and management to control pollutant exposure
are not fully understood.
There is good clinical evidence that poor air quality affects the incidence and severity of common
endemic respiratory diseases, e.g. porcine reproductive and respiratory syndrome, swine influenza and
enzootic pneumonia. These diseases are of commercial importance with no effective vaccine available
against many respiratory pathogens. The effects of respiratory disease on pig growth and food
conversion efficiency (FCE) are substantial. Muirhead and Alexander (1997) state that FCE and the
number of days to reach 90 kg (d) are increased by 0.1-0.3 and 4-15 d for Actinobacillus
pleuropneumonia, 0.1-0.2 and 4-15 d for atrophic rhinitis and 0.05-0.1 and 3-12 d for enzootic
pneumonia during the period of chronic disease.
Much of the early research on lesions induced by exposure to ammonia and dust used concentrations
far in excess of those found in piggeries (see Table 1) for short durations and in the absence of specific
respiratory pathogens (Done 1991). For example, Drummond et al. (1980) reported tracheal and
turbinate exudation at 500 ppm ammonia, while Doig and Willoughby (1971) observed tracheal
epithelial hyperplasia at 100 ppm ammonia and either 200 mg m-3 corn starch or 10 mg m-3 corn dust.
Conversely, Diekman et al. (1993) found no difference in the percentage of lung consolidation and
snout grade in gilts exposed to low (4-12 ppm) or moderate (26-45 ppm) ammonia concentrations.
The most convincing epidemiological evidence is that of Robertson et al. (1990), who found a strong
association between commercial concentrations of aerial pollutants and the incidence and severity of
atrophic rhinitis.
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More recently, Hamilton et al. (1996) have shown that ammonia exposure of weaned pigs not only
raises the severity of turbinate atrophy induced by Pasteurella multocida but also that the damage is
maximal at 10-15 ppm and decreases at concentrations above 25 ppm. They explain this surprising
result as the net effect of two mechanisms; (i) enhanced colonisation of the nasal cavity by
P. multocida during ammonia exposure with ammonia providing a source of nitrogen for the bacteria
(Hamilton et al. 1998a); and (ii) separate but additional turbinate atrophy following ammonia exposure
alone (Hamilton et al. 1996). Whether these mechanisms also apply to other specific respiratory
diseases is not yet known but these results, in the first instance, have important implications for
specification of an acceptable concentration of ammonia in weaner houses.
The mechanisms, by which dust affect respiratory disease, are likely to be different from those for
ammonia. Organic dusts will be immunogenic (Rylander 1986) while inorganic dusts may block
mucociliary clearance. In a related study, Hamilton et al. (1998b) reported an increase in turbinate
atrophy with ovalbumin dust exposure in weaned pigs following P. multocida infection. Simultaneous
exposure to both ovalbumin dust (20 mg m-3 total mass) and ammonia (50 ppm) caused greater
turbinate atrophy than exposure to either pollutant alone (Hamilton et al. 1999).
The mechanisms by which aerial pollutants are involved in the aetiology of porcine respiratory disease
are complex (Wathes 1998a) and require consideration of specific pathogens, commensal respiratory
microflora, and host-specific factors as well as the nature of the pollutants themselves. Simply put, the
question is whether the incidence and severity of respiratory disease in weaner pigs are greater when
combined with chronic exposure to aerial pollutants. This has being addressed in a large experiment
that is co-ordinated by Silsoe Research Institute.
In a specially developed facility, groups of weaner pigs (960 in total) were exposed for 6 weeks to
controlled concentrations of airborne dust (approximately 0, 2.5, 5 or 10 mg m-3 inhalable fraction) and
ammonia (approximately 0, 10, 20 or 40 ppm). The effects on production and respiratory disease were
measured. The facility comprises five rooms, each holding 24 pigs. Each room was ventilated
mechanically at a constant rate of either 30 or 40 air changes per hour to minimise the background
concentration of pollutants. An artificial pig dust was developed, though setting the specifications for
composition, particle size distribution and microbial content was hampered by the lack of published
values for these parameters. The dust was manufactured from feed, barley straw and faeces, mixed by
weight in the proportions 0.5:0.1:0.4. The size distribution of this dust resembles that of literature data
for piggery dust. This dust was then resuspended into the supply air of each room via a venturi nozzle
fed from an agitated hopper. Ammonia was also injected into the supply air. The dust and ammonia
concentrations were monitored continuously. The particle size distribution was measured regularly
with an aerodynamic particle sizer and gravimetric samplers. Although all experiments have been
completed, statistical analysis of the results is ongoing. The control of the ammonia and dust
concentration was excellent (see Tables 5 and 6). Preliminary assessment of the production data
suggests that there is an inter-action between ammonia and dust exposure.
Table 5. Mean concentration of ammonia (ppm) measured in the exposure rooms during the weaner phase
Mean ammonia concentration (ppm)
batch 1

batch 2

batch 3

batch 4

batch 5

batch 6

batch 7

batch 8

batch 9

Room 1

0.2

19.8

10.0

19.5

36.8

0.6 *

0.6

0.5

0.8 *

Room 2

9.6

35.2

0.7 *

1.0

1.0 *

0.8

0.6*

17.0

1.0

Room 3

36.0

0.4 *

18.8

11.0

22.0

38.1

10.6

36.2

37.3

Room 4

19.3

9.1

37.3

39.0

0.9

12.3

38.0

0.8 *

9.4

Room 5

0.3 *

0.4

0.0

0.8 *

11.2

21.6

17.3

9.0

17.0

* control room; Batch 6 was abandoned; nominal concentrations 0, 10, 20 and 40 ppm
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Table 6. Mean concentration of inhalable dust (mg m-3) measured in the exposure rooms during the
weaner phase
Mean inhalable dust concentration (mg m-3)
batch 1

batch 2

batch 3

batch 4

batch 5

batch 6

batch 7

batch 8

batch 9

Nominal

10

0

5

2.5

10

2.5

5

0

2.5

Room 1

11.3 / 12.2

1.5 / 1.3

4.5 / 4.5

2.6 / 2.9

8.8 / 9.4

1.8 / 1.6*

5.2 / 4.9

0.7 / 1.2

1.5 / 1.5*

Room 2

11.5 / 12.8

1.7 / 1.2

1.8 / 1.1*

2.5 / 2.7

1.4 / 1.7*

3.5 / 3.0

0.9 / 1.5*

0.8 / 1.4

2.2 / 2.1

Room 3

11.1 / 10.9

1.8 / 1.6*

5.5 / 4.6

2.6 / 2.8

9.2 / 8.9

5.1 / 5.1

5.0 / 5.3

1.0 / 1.5

2.8 / 3.4

Room 4

9.3 / 11.8

1.5 / 1.4

5.2 / 4.2

2.2 / 2.5

9.0 / 8.9

4.1 / 3.6

4.3 / 4.7

0.6 / 1.0*

3.2 / 3.3

Room 5

2.2 / 2.0*

1.4 / 1.3

5.7 / 6.1

0.7 / 1.5*

8.8 / 9.4

4.6 / 3.6

5.3 / 4.6

0.9 / 1.9

3.3 / 2.9

IOM / continuous sampler; * control room; Batch 6 was abandoned

ENVIRONMENTAL IMPACT OF AERIAL POLLUTANT EMISSIONS FROM WEANER
PRODUCTION
Table 7 lists the common aerial pollutants emitted from pig buildings and the reasons for concern over
their impact upon the environment. In the UK, pig production is not responsible for the bulk of
gaseous emissions that are emitted from livestock housing and manure stores or during manure
spreading: pigs account for about 14, 3 and 3% of the total emissions of ammonia, methane and
nitrous oxide, respectively (Phillips and Pain 1998). The dominant sources of these gases are cattle,
followed by poultry.
Interest is now being taken in livestock production as a source of particulate aerosols because of the
association that has been demonstrated between fine dust (PM10 – particulate matter less than 10 µm
in size) and human respiratory disease in urban areas. An inventory of PM10 emissions from
livestock production in the UK has not been published but this source, of which pigs comprise a
significant part, is probably about 10% of total emissions. Equally there is uncertainty whether dusts
from pig production offer a health hazard over and above that provided by urban PM10.
Table 7. Common aerial pollutants emitted from intensive pig housing (Phillips and Pain 1998)
Type of gas

Mechanism(s) of production

Reasons for concern

Ammonia

Enzymic degradation of urine, or in the
case of poultry, uric acid. Microbial
(anaerobic) degradation of faeces.

Methane

Enteric fermentation, especially in
ruminants. Microbial (anaerobic)
degradation of excreta.
Incomplete microbial denitrification or
nitrification of mixed bedding and
excreta.
Animals’ metabolism. Microbial action
on excreta.

Contributes to acid rain. Upsets natural ecosystems by deposition of N. Increases need
for N fertiliser on farmland - which brings
both water pollution and economic penalties.
Implicated in the aetiology of environmental
respiratory diseases of livestock.
Greenhouse gas.

Nitrous oxide

Carbon dioxide

Hydrogen sulphide
Odour (can contain traces of
well over 100 gases)

Microbial (anaerobic) degradation of
faeces.
Microbial degradation, especially
anaerobic.

Greenhouse gas.
Harms ozone layer.
Asphyxiant, if allowed to accumulate.
Greenhouse gas, although this source is
mostly non-fossil in origin.
Toxic.
Nuisance.

Traditionally, the solution to aerial pollution within a pig building was to discharge the pollutants to
the atmosphere via the ventilation exhaust air. This policy is no longer acceptable given the above
concerns. Indeed, awareness of the strength of agricultural sources of greenhouse and other gases has
prompted European legislation to reduce emissions from intensively housed livestock. The European
Union Directive on Integrated Pollution Prevention and Control (Anon, 1996) has been implemented
and embraces pig farms comprising at least 750 sows or 2000 growing pigs of over 30 kg live weight.
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It requires these pig farmers to limit the emissions of gases by the best available technology not
entailing excessive cost (BATNEEC). The EU Directive itself does not specify limits or operating
procedures: each Member State has been asked to draw up its own system. Other EU legislation
includes the Acidification Strategy. This aims to protect sensitive ecosystems in Europe by reducing
atmospheric deposition to less than the ‘critical loads’. In turn, ‘national ceilings’ have been placed on
the emission of ammonia and other gases. Each Member State will need to apportion the reductions
between different sources.
INTEGRATED SYSTEMS FOR THE MANAGEMENT OF LIVESTOCK PRODUCTION
Sustainable livestock production requires producers to satisfy many environmental and economic
demands that may conflict. Not only does the product have to meet certain quality specifications, but
it must have been produced profitably while maintaining improved welfare standards, and within
prescribed limits on the environmental impact of the production process. Traditionally, livestock
management decisions have been based almost entirely on the judgement and experience of the
stockman who has to estimate or guess the likely effects of any control action, taking into account the
complexities of the processes involved. This leads to dilemmas. A change of diet may increase growth
rate, but will the increased feed cost be justified, and will the change of diet make the animal too fat?
Increasing the ventilation rate in a building may improve air quality and so help to prevent disease, but
will the reduced temperature in the building affect feeding and growth. At the same time the increased
ventilation rate might increase the pollutant emission to the external environment.
These dilemmas arise because currently each of the individual processes involved in livestock
production is controlled separately. For example, nutrition may be controlled by the stockman
according to some predetermined strategy, while ventilation and heating may be controlled so as to
maintain the temperature within limits and stocking density may be controlled according to welfare
considerations. There are, at best, weak connections between the various aspects of process
management. These connections need to be strengthened and formalised through the development of
integrated management systems, designed to control simultaneously more than one, and ideally all,
interrelated processes involved in livestock production.
The principles of an IMS are taken directly from control theory. Many livestock production processes
operate as an open-loop control system (Figure 1). For example, in the case of rearing animals for
meat, the input is a desired growth rate; the controller is the farm manager; the actuator is the nutrition
supply system, which is operated by the manager; the process is the animal; and the output is the
resulting growth rate.
control

input signal

action
output

signal
controller

actuator

process

Figure 1. Open-loop control system

Open-loop nutrition control is prescriptive, in that the diet to be fed at any time is calculated in
advance. The producer will subject the animals to a nutritional regime, which has been designed in the
expectation that it will produce the required result. In a well managed enterprise the nutritional regime
will be based on some form of growth model. Growth models enable the nutritional inputs (protein
and energy) required by an animal to realise its growth potential to be calculated. However, there are
many factors (e.g. disease or unfavourable environment) which may prevent the animals from
achieving their potential, and growth targets will be missed. This is a general problem with open-loop
control systems; the output is free to drift.
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The solution lies in the use of a model-based control system (Figure 2). Consider the example of
nutritional management of broiler production for which the control elements can be translated as:
input signal
desired growth rate
controller
calculates the required energy and protein supply.
actuator
a nutritional supply system to deliver specified quantities of energy and
protein
process
the birds
model of process
growth model, used to calculate controller parameters
sensor
to monitor growth rate of the birds
output
resulting growth rate

input signal

output
controller

actuator

process

controller
parameters

model of
process

sensor

Figure 2. Model-based closed loop control system

This example has been developed at Silsoe in a project aimed at developing a model-based control
system for calculating the correct nutrition to be given to broilers to enable a target weight to be
achieved on a target date. The experiments were carried out at commercial scale using eight houses
each with ≈ 34,000 birds for each trial. The birds were weighed continuously in their houses by
perches fitted with strain gauges. Feed supply and all other input variables were monitored
automatically. Crucial to the success of the real time growth control system is the performance of the
model, which has been developed to predict growth rate from nutrients consumed on a daily basis. A
semi-mechanistic model based on published growth models and principles was developed. Adaptation
of the model has taken place during the trials and resulted in the use of a genetic algorithm. The
example results in Figure 3 show that the model performs well.
Environmental legislation (e.g. Integrated Pollution Prevention and Control, IPPC) has been
introduced which restricts annual emissions of ammonia, dust and odour from the livestock production
system since these have an adverse environmental impact (Wathes 1998b). The stockman therefore
has to manage both the meat production process per se as well as the environmental processes
occurring within the building. Clearly, the relationship between these processes is complex. In
addition to the conventional understanding of these individual processes, stockman needs to
understand the inter-relationships between broiler growth, nutrient supply and utilization and pollutant
emissions. Unfortunately, these relationships have not been determined quantitatively and, unless his
empirical knowledge is sufficient, he may find it difficult to solve the problems, even if means are
available to monitor pollutant emissions from the building.
A first stage in the development of an IMS for broiler production and pollutant emissions is to
quantify the relationships between growth, nutrient supply and utilization, and emissions. Recently,
Robertson et al. (in press) have reported results of commercial scale experiments involving some
14000 birds in which nutritional supply was manipulated in the form of four target protein levels
(based on lysine content) of 85, 90, 100 or 110% of the normal commercial level. Simultaneous
measurements of the emission rates of ammonia, inhalable dust and odour were made.
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Figure 3. Example results from a trial to illustrate the ability of the new controller to grow birds to a
target weight. Houses 3 (pullets) and 4 (cockerels) were grown according to standard practice. Houses 5
(pullets) and 6 (cockerels) were grown by the controller.

Evidence has been obtained of a lower protein intake corresponding to a lower ammonia emission. A
1% reduction in protein intake corresponded to a little less than a 1% reduction in ammonia emission
in a trial involving only cockerels. Direct causal relationships are confounded, however, by other
factors that were found to be strongly impacting. These included the observations that ammonia
emissions were higher for pullets than for cockerels and that coccidiosis outbreaks tended to reduce
ammonia emissions. The limited litter sampling and analysis that was undertaken did not show any
single litter characteristic to be a reliable indicator of ammonia emission. Multi-parametric
relationships were found to be more promising, though more detailed litter sampling would be
required to pursue this.
Relationships were also found between diet and emissions of dust and odour. Highest dust and odour
emissions occurred with the most extreme diets (lowest protein and highest energy), as a consequence
of unusually unsettled bird behaviour.
This project has demonstrated the ability to quantify many of the factors involved in the production of
emissions and has provided indicators of the effects of some of these factors on levels of emissions.
The results have also made it clear that including environmental parameters into integrated
management systems is far from straightforward. In order to further reduce ammonia emissions from
broilers, the litter needs to be kept drier, i.e. the ventilation needs to be increased to remove the extra
water. This in turn requires additional heating to maintain temperature in the building. The
combination of dry litter and increased ventilation rate might increase the level of dust in the building
as well as the dust emission. Further research should enable these conflicting scenarios to be modelled
and included in an integrated management system thus assisting the stockman to make extremely
complex decisions on maintaining the optimal conditions for both the birds and the environment. A
further hurdle towards including pollutants in integrated management systems is the lack of affordable
and reliable sensors for pollutants such as ammonia and dust. Although very good research tools are
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available, these are not suitable for every day use by the livestock industry as maintenance time and
costs are prohibitively high.
However, this should not stop the inclusion of more or less independent pollutant abatement measures
that are currently available, such as oil spraying for abatement of dust (Takay and Pedersen 1999).
Recent developments in the Netherlands have shown that ammonia emissions from fattening pigs can
be reduced by significant changes to the pen and pit design (Zeeland 1997). The slatted area is reduced
to approximately 30 % of the total pen area and comprises a spillage area at the front of the pen and a
dunging area at the rear of the pen. Each pit has smooth sloping walls to reduce the surface area of
manure. Combined with a novel ventilation system these modifications proved successful in reducing
ammonia emissions. A current project by ADAS and Silsoe Research Institute aims to show that this
system and other simple retro fit measures, such as reducing the slatted area, are capable of reducing
ammonia emissions under present UK conditions.
CONCLUSIONS
We are strongly of the opinion that in the future, environmental design and management for livestock
must integrate both the scientific approach and the management of the production and environmental
processes. There are two reasons why the gauntlet of integration must be picked up if sustainable
livestock agriculture is to flourish over the next 20 to 30 years. Firstly, modern livestock production
now comprises a complex set of physical, biological and economic processes. The margin for error in
management of these processes is shrinking because of the tighter specification for the products, the
dismantling of barriers to international trade in livestock products, and a widespread take up of
modern production methods. Additional constraints arise from the growing shortage of skilled labour
and slim profits for investment in new technology. Secondly, there is no longer any doubt, if there
ever once was, that pollutants from livestock production, especially its intensive form, have a negative
impact on local, regional and national environments. Legislation (e.g. IPPC) to limit and reduce
pollutant emissions has been introduced in Europe while local communities in North America and
Europe have become increasingly intolerant of odour emissions from livestock farms. The
development of integrated management systems for production and environmental processes should
resolve the conflicts that face producers.
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LOGICAL FRAMEWORK APPROACH
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SUMMARY
The paper discusses the role, key features and potential use of the Logical Framework Approach
(LFA) for planning research, development and management within the animal industry supply chain.
It is a highly effective strategic planning and project management methodology with wide application,
including defining, designing, reviewing and managing R&D strategies, programs and projects within
a stakeholder participatory framework. It is a coherent, participatory planning and design process
capable of analysing and solving planning tasks, ranging from simple short-term problems to longerterm, complex development programs. LFA’s disciplined, integrated, structured approach makes it
cost-effective in achieving common understanding among competing vested interests and tailoring
solutions to development problems.
It derives its effectiveness from three core features:
•
A facilitated, brainstorming, participative problem-solutions analysis workshop early in the
planning process; and
Formulation of a Logical Framework matrix as a key organisational tool for implementation of
•
the resultant Action Plan;
•
Monitoring and evaluation of the outcomes of a development plan to ensure its benefits flow
through to the beneficiaries.
Keywords: Logical Framework Approach, research planning, development, planning
INTRODUCTION
Logical Framework Approach (LFA) had its origin in the recognition by international development
lending and technical assistance agencies that the key to improving project performance and impact
lies in strengthening the planning process within a coherent management framework characterised by
clearly defined objectives with achievable and measurable benefits.
LFA has evolved since 1970 from the well-known LogFrame matrix developed by USAID for
improving its accountability to Congress into its present integrated, comprehensive toolbox. During
the 80s and 90s the core LF matrix component was expanded by GTZ (a German Govt development
aid agency) and other development agencies, including World Bank and FAO, to incorporate
stakeholder participation in the planning process along with an associated suite of workshop-based
problem-census-solving tools. The method is now widely used by the main international and bilateral
development agencies for formulating sectoral strategies, designing regional and community
development programs and investment projects, and for agricultural research project design, by IRRI,
eg, inter alia.
As the author can testify from considerable personal experience in applying LFA, it can be readily
adapted to the wide range of cultural and social development environments in the First, Second and
Third worlds and to many planning applications. Curiously, even though its core tool – the logframe
matrix - is a mature 30 years old, its use in the developed world has been very inconsistent and its
considerable potential is still largely unrecognised.
In Australia, at federal government level AusAID has adopted LFA and Land & Water Australia has
incorporated the LF matrix into its project management system, while in Queensland it is now used by
(most) state government departments and by the corporate sector. Elsewhere its uptake has been
negligible and promotions have for the most part been met with indifference. The author has
successfully used its brainstorming workshop tool to help prepare a mutton marketing strategy for
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Meat and Livestock, Australia, and to formulate an R&D funding proposal for Agriculture, Victoria
(part of the Department of Natural Resources and Environment). Appendix 1 shows the Constraints
Tree that was formulated during that workshop.
Because it fits so snugly into the stakeholder consultation processes, its spurning in this era of
increasing governance transparency and community-oriented development is strange indeed.
THE METHOD
Key features
The method is robust and more disciplined than traditional expert-driven planning and stakeholder
consultation tools, but by improving the efficacy of planning processes LFA increases the success rate
of development activities. It’s effectiveness is enhanced by early and intimate involvement of
stakeholders in the design phase, systematic logical analysis of problems, and the application of a
matrix in which development goals, activities, impact indicators and risks are all logically related in a
succinct organisational framework. However, learning to use it effectively requires several days
hands-on training followed by mentored experience.
It encourages a balanced solution to complex development issues through the immersion of
(representative) stakeholders from early in the planning phase through to impact evaluation.
LFA replaces the conventional sequentially reactive planning process with a more interactive process,
and so requires a radical change of mindset by R&D planners and administrators. However, effecting
this change is well worth the effort, especially in designing and managing activities where outcomes
are soft, or non-visible, such as:
•

Strategic Planning

•

Business Planning/Benchmarking

•

Project and Program Design

•

•

Investment Planning

Strategic Alliances and Supplychains

•

Research Planning

•

Resource Planning and Management

•

Institutional Planning

•

Facilitating Cultural Change

•

Community Development Planning.

Because the approach encourages information gathering and shared learning by stakeholders to reach
consensus within a systematic and collaborative framework, it is particularly effective where
development issues involve disparate stakeholder views. It is particularly effective in achieving an
optimum balance between the various needs of resource conservation, sustaining the environment and
increased (animal) productivity.
The transparent, non-adversarial, integrated LFA process provides an efficient development
framework that is backed by stakeholder confirmation and agreement from the outset without taking
planning control and decision-making away from the responsible authority. Working collaboratively
with all stakeholders ensures their stewardship of a more balanced plan and helps to maintain the
independence and neutrality of the planning authority.
Component Tools
LFA’s main strength lies in its problem diagnosis capability. It provides a sound basis for identifying
problems and for generating appropriate solutions and interventions to achieve specific objectives and
goals. It derives its effectiveness from three core components:
a) brainstorming, structured stakeholder participatory problem analysis workshops at the start of a
project design (or review) process;
b) formulation of a LogFrame matrix, the core organisational framework for project management,
and
c) systematic benefit monitoring and evaluation using key success indicators before, during and after
implementation.
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These components effectively link the key elements of the project cycle, illustrated in Figure 1.
The planning process is pivotal to the whole development cycle, not only to ensure that (limited)
resources are committed to appropriate and realistic outcomes, but also to facilitate a smooth
implementation phase. Moreover, it ensures that appropriate and balanced planning is based on a full
understanding of the nature of the problem or development objective.

Review
Evaluation
Planning

Appraisal

Implementation and Monitoring

Figure 1. A typical project cycle

Problem analysis
A sound plan means not only recognising WHY something needs to be done, but also identifies
WHAT actions are required, HOW they will be implemented, WHEN and by WHOM. It should also
identify and monitor those factors in the wider environment – risks and assumptions –that will affect
the success of a project. Preparing a well-balanced and effective plan depends fundamentally on a full
and comprehensive understanding of the nature of the problem or development objective at the outset.
This is best achieved by building on the collective knowledge and wisdom of all relevant stakeholder
groups: beneficiaries, funding agencies, planners, technical experts, service providers, etc., when
diagnosing the problem.
While the concept of community consultation and participation is now an accepted element of
development planning, it still tends to be confined to listening and dialoguing with some stakeholders.
LFA gives real meaning to the concept of needs-driven development by immersing them more actively
in the planning (especially) process.
A problem analysis workshop involves relevant stakeholders in setting realistic development
objectives, identifying constraints in a systematic, logical framework and designing relevant activities
to minimise the constraints. Its strength lies in its ability to systematically explore the full range of
stakeholder views and knowledge in a collaborative, non-adversarial environment and incorporate
them into solutions. This analytical approach to diagnosing problems and specifying solutions ensures
a balanced outcome and greater stakeholder stewardship of an agreed plan, especially when used early
in the planning process. It helps to identify knowledge gaps and guides planners to key features
requiring further research or information.
The disciplined and structured problem analysis component of the process is unique to this
methodology and distinguishes it from other group dynamic techniques, such as SWOT (strengths,
weaknesses, opportunities, threats), ORID (objective, reflective, interpretive, decisional), Force-field,
and LENS (leadership, effectiveness and new strategies).
Ideally, a problem-solving workshop involves six steps:
i)
ii)
iii)
iv)

Stakeholder analysis, to identify relevant interest groups, their resources and mandates;
Participation analysis, in which participants identify themselves, including their positions and
responsibilities, and indicate their interests, concerns and expectations;
Agreement on the objective(s)of the workshop;
Identification of constraints, during which the workshop constructs a Problem Tree using cause
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v)

vi)

and effect logic;
Formulation of a Solutions Tree, which is usually achieved by reversing the negative tone of
Problem Tree and so creating a hierarchy of objectives. This activity also provides an
opportunity for prioritising and linking related interventions, and identifying feasible funding
options;
Identification of assumptions and risks requiring treatment to ensure the proposed interventions
have optimum impact.

The outcome of this process is a clear definition of the nature of the problem and of the interventions
needed to solve it, structured as strategies, programs or projects. Where project formulation is the
ultimate outcome of the process, the information generated in the workshop is fed into the Logical
Framework matrix, which becomes the basis for the plan of operations (work plan) for the proposed
R&D activities.
Depending on the complexity of the development task, the problem-solving component involves one,
two or three day workshops of up to 25 representative stakeholders, initially during the early stages of
formulation, and then (if necessary) later, for review of projects during implementation. Experienced
facilitators (ideally, ‘substance neutral’) guide the workshops to encourage active participation and
synthesise the flow of ideas in a logical sequence using a large wall chart and coloured cards to
construct the trees.
The LogFrame Matrix
The logical framework matrix allows R&D planners and management to define development action
plans simply, logically and concisely. It does this by linking objectives and the necessary inputs and
outputs with key success indicators, specifying their verification and any assumptions (risks) required
for success in a simple matrix.
If the logframe matrix is formulated in isolation from the participatory phases of the planning process,
its coherency with stakeholder problem analysis is diluted because it may not reflect agreed solutions.
Therefore, it should not be used as the driver of the planning process, rather as its output.
The discipline imposed on R&D planners by use of the LogFrame helps them focus on achieving
clearly specified purposes relating to the relevant development goal. It also helps managers monitor
the progress of the project with more rigour and precision, and to evaluate its success in relation to
quantified target parameters. The tool can be used effectively for reviewing projects during
implementation, and modifying their direction in accord with changing circumstances. Funding
agencies use the tool to help reduce fungible applications of their financial contributions.
Briefly, the LogFrame matrix systematises the hierarchy of objectives, and while there is no logical
limit to the number of levels in the hierarchy, the core matrix uses four (AusAID uses a 4x5 matrix).
In a 4 x 4 cell grid the columns are Narrative Summary, Key Performance Indicators, Means of
Verification, and Assumptions/Risks. The vertical matrix logic is a description of the project
objectives and comprises Goal; Purpose (≡ Outcomes); Outputs; and Activities, as shown in Table 1.
The logic is that a project will make its expected contribution to a goal by achieving its purposes,
which in turn require the generation of certain outputs as a result of undertaking specific activities.
Achievement of each level can be demonstrated by verifiable indicators, but also depends on the
management of identified external conditions (Risks/Assumptions) needed to provide an enabling
environment for success.
The Goal will usually be the objective used in the Constraints Tree, eg, in what state (of development)
do we want animal industries to be in 10 years time?
The Purpose is a statement of why the project is being undertaken - that is, its desired result - and is
usually the solution to a specific development problem or constraint.
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Outputs are the results obtained from the managed application of specific Activities, or what the
project is to achieve during its lifetime; the deliverables for which management can be held
accountable. They will usually be quantifiable and time bound.
Activities are the main group of actions that are undertaken to implement the project.
The horizontal logic ensures that the planner can specify indicators of achievement of the various
levels of the project logic, how that information will be generated and the risks (negative factors) and
assumptions (favourable factors) both inside and outside the control of project management required
to ensure the various levels will be reached. For example, the Purposes will be achieved if the Outputs
are delivered and the Output Risks are controlled.
Table 1. Structure of a typical 4x4 LogFrame matrix
Narrative
Summary
Goal:
The overall development
program or strategy goal.

Purpose (of the project)
Statement of the project’s
outcome - its immediate
impact.
Output:
Specific non-quantified
results from managed
activities – the deliverables.
Activities:
Components to generate the
outputs.

Key Performance Indicators
(KPI)

Means of Verification
(MOV)

Assumptions/Risks

Indicators (standardised) that
measure achievement of the
desired goal

Ex-post evaluation of the
project

Key factors in the wider
operating environment -usually macro and extraneous
factors to the project

Measures of enhanced
development status when
benefits are realised, quantified
and time-bound.

Base line and ex-post
surveys, direct observation
or secondary data, reports.

Usually non-project support
factors required to ensure
contribution to Goal.

Results of managed application
of inputs, quantified in
magnitude and time – project
mgt indicators.
Inputs:
Quantified factors of production
required to produce the outputs
via the activities.

Direct observation of key
process and
implementation progress
indicators

Conditions for success,
usually within control of
project management, required
to achieve Purpose.

Evidence of use of inputs

Factors required to achieve
Outputs, usually pre-project
status and inputs availability.

Purpose KPIs are the core of the matrix. They comprise the quantified measures of program/project
impact on its beneficiaries. In all cases, the KPI for a Purpose will be the expected status of benefits
after adoption, including essential performance measures and should be negotiated with all
stakeholders. As applied to animal industry supply chains these could include measures of
productivity, producer prosperity, trade and consumer factors.
The Outputs KPIs are the deliverables specified during and at the end of the implementation phase.
Again, relevant indicators will be used in the project budgets and analyses. Activity KPIs are usually
the inputs of goods and services required by individual activities and comprise the personnel and
operating costs, including services, equipment and materials, capital and adoption costs, to be financed
by the project.

This integrated process and organisational framework assists R&D coordinators and managers
in:
•
•

•
•
•
•
•

Setting achievable goals with their quantified and (ideally) time-specific success indicators;
Developing an effective, balanced, coherent Action Plan listing major activities/projects,
detailing deliverables, outcomes, along with best practice performance measures, KPIs, budgets,
etc;
Identifying the external factors that must be in place to ensure success, and
Developing strategies to minimise and monitor these risks;
Establishing adequate management and reporting mechanisms;
Achieving stakeholder confirmation and agreement.
Identifying the monitoring and evaluation target indicators.
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Appendix 2 illustrates a typical LF matrix prepared by the author with the management of a
company as part of an application for grant funding to assist with the development of a
‘greenfield’ pork processing facility.
Monitoring and evaluation
Developing agencies have realised during the last decade that R&D projects are not completed until
their impact on the beneficiaries is achieved. This is usually some time after funds have been dispersed
and deliverables satisfied. In applied animal research activities, for example, this means ensuring that
users adopt results, a process that can have a variable lag time, depending on the risks of success, their
complexity, perceived incremental benefit and effectiveness of the private and public extension
network.
Ideally the benefits should at least reach the levels set in the planning document/feasibility study, but
they must be systematically measured to be sure of the extent of realised benefits. Sadly, the
developing world in particular is littered with the bones of well-intentioned and well-executed projects
that failed to achieve their expected impact. Inadequate planning and monitoring must take some of
the blame for this project graveyard.
Monitoring and evaluation is thus a very necessary component of the development process and needs
to be resourced appropriately. The basis of M&E activities resides in the LF matrix where the Purpose
KPIs indicate the expected benefits and the Risk column highlights the external factors that need to be
monitored, and corrected if necessary, during implementation to ensure success.
The instruments used in the M&E could include both qualitative and quantitative methods of
measuring the benefit, regularly recorded to analyse the impact trend over time, commencing with a
base-line data analysis. These include formal survey using questionnaires with Rapid/Participatory
Appraisal techniques and informal methods, such as focus groups among beneficiary communities.
RESULTS
That the method is widely used by many developing agencies - even compulsory in some countries together with its increasing usage by the corporate sector and uptake, albeit slow, by some Australian
development funding authorities, is evidence of the value and effectiveness of LFA.
As mentioned during the narrative above, LFA can be an effective method for planning and managing
a range of development tasks within the animal industries’ supply chain. It can reduce competition
between vested interests for use of scarce resources in R&D prioritising and planning, and for
achieving coherency of purpose and means of achievement among conflicting factions. It facilitates
the resolution of differences in focus among interest groups concerned with environment protection,
food safety, production and processing. It minimises objections and appeals, and accelerates the
planning process by diffusing tensions and establishing common agreement. LFA also has application
in reviewing and preparing strategic plans by the institutions involved with the industry, such as the
ASAP and the ISAH. A basic condition for its success is a clear objective and the goodwill to reach it.
The method can also be used in a problem-solving framework where a problem and its causes may not
be readily apparent. Used in that situation the problem diagnosis process is aimed at identifying the
‘focal-problem(s)’, but the same cause-and-effect logic is used to ‘process’ the stakeholders’
information to identify needed interventions.
DISCUSSION
With these powerful credentials, it is perplexing that its adoption has not been more enthusiastic.
Possible reasons for incomplete and non-adoption of the LFA methodology by R&D agencies,
certainly in Australia, may include:
•

A shortage of experienced LFA practitioners and the cost of training;

•

Complacency among mainstream community consultation practitioners and strategic planners
who appear content with less robust participatory consultation tools. While useful for
community consultation, these techniques of stakeholder involvement do not have the power
of LFA to solve problems and manage the solutions to achieve optimum impact.
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•

Miserly (project) budgets that are used as excuses for confining project expenditure to
implementation activities supported by low-cost planning and minimum M&E, which are seen
as less important project elements especially, in the author’s experience, by producer-led R&D
agencies.

•

The comfort zone syndrome among administrators who are content with the status quo;

•

In addition, while community consultation and stakeholder participation in development
planning are more widely accepted by planners and resource administrators, these are still at
arms length and tend to be used after the drawing board stage. That is, a draft plan is designed
by experts for discussion and feedback by affected communities with the hope of instilling a
sense of ownership and commitment to development.
This limited application of participatory development – known as participatory shortcircuiting - derives from the technical ‘experts’ (researchers, planners, etc.,) confidence in
their own ability to understand and solve development problems and manage the solutions.
Moreover, some administrators still resist the transparency and accountability inherent in a
more ‘intimate’ participatory approach to development.

While there are various collaborative workshop methods to draw on, as well as various communitybased group dynamic and social analysis tools, each of which can have a role in R&D planning and
management, for project planning purposes the Logical Framework stakeholder participatory approach
is the most effective.
LFA’s main strength is its power to unite stakeholders with different viewpoints in striving for a
common (development) planning objective. Its effectiveness is achieved primarily through its ability
to pull together the various views of all relevant stakeholders in a non-adversarial and collaborative
consultation process developed around a facilitated participatory workshop held early in the planning
process.
Linking the stakeholder problem-diagnosis workshop with the LogFrame matrix project summary as
an integrated process ensures effective stakeholder participation and a balanced and targeted project
definition. The LogFrame matrix establishes a firm impact-oriented basis for project appraisal, which
is made transparent by the explicit assumptions underlying the analysis. It thereby provides the
necessary framework to evaluate the impact of the project on its development goal.
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Appendix 1. An R&D planning constraints tree (arrows indicate the direction of the cause-effect logic)

Objective:
To optimise irrigation performance on
Victoria dairy farms

Sub-optimal forage production and

Main
Constraint

Lack of knowledge of
irrigation methods & systems:
gravity, sprinkler, sub-surface.

Primary
Causes

Lack of appropriate
assessment criteria
.

Secondary
Causes

Tertiary
Causes

Root
Causes

Sub-optimal irrigated production
practices

Short history of No developed local
irrigation in (parts (tech./mgt) packages
of) the region.

Irrigation systems
information not userfriendly.

Lack of base
line data

Lack information on
best forage spp

Lack of sustainable
nutrient mgt

Variable (but increasing)
Inability to formulate Lack of appropriate Inadequate
contribution to regional dairy & use simple
spp. Research.
research
production.
extension

Restricted water
allocations

Geography

Diverse resource
base: water, labour,
soils, climate

Inadequate producer
experience in
h l grazing mgt
farm

Inadequate understanding
of nutrient fate

Lack of irrigation
resource mgt

Low water mgt skills:
Difficulty in extrapolating
data generated in other timing, volume, flow rates,
cut off time, design
regions.
characs.

Inadequate regional adaptive
research

Lack of R&D funding
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Lack of info. on soils
characteristics

Lack of training and
appropriate

Appendix 2. An example of a LogFrame Matrix for a Greenfields Pork Processing Investment

Summary Statement
Program Goal:
To improve international competitiveness of the
national pork industry
Project Purpose:
To increase pork market share in Asia as well as
in the domestic markets, and extend the range of
pork products destined for the food supply chain.
Project Outputs:
•
•
•
•
•

Increased slaughter capacity;
Establish boning capacity;
Reduced cost of processing;
Increased export sales
Increased employment

Project Activities:
Construct and fit new abattoir and boning room:
land
building
equipment
fitout

Targets or Indicators

Verification

Assumptions/Risks

Significant increase in national pork export
trade

Export trade figures

•
•

Favourable exchange rate continues;
Continued Govt and industry support.

•

Company reports and balance
sheets

•
•
•

•
•
•
•
•

Funding is sufficient
Marketing alliances are successful
Australian reputation for meat hygiene and
quality is maintained
Asian economic uncertainty
Personnel with basic skills and experience
available
Producer alliances able to supply pigs;
QA is upgraded and maintained
Environmental protection standard is maintained
Operational efficiency targets achieved
(Foreign) eq’ment service reliability

•

Funding application is successful

80% of output (20,000t) exported by
year 4, mainly to Japan;

•
•

•

Increase slaughter from 50,000 pigs
/annum at present to 650,000 in 2
shifts by 2004;
Market 130,000 as whole carcasses
•
and 520,000 cut/deboned;
Employ additional 350 staff by 2004;
•
Estimated slaughter cost $8.00/hd
•
Estimated boning cost $16/hd
•
Inputs:
$1.0M;
$16.84M;
$11.0M;
$7.164M
Total
$36.0 M
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On-site visits by evaluation
team;
Company reports

On-site visits by evaluation
team;
Company reports.
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CONSUMER CONCERNS
N.G. GREGORY
SARDI, PO Box 1571, Flaxley, SA 5153, Australia

SUMMARY
This paper starts by examining some of the food scares that have occurred during the past forty years.
It looks at why food scares have become increasingly common, and why some countries are
particularly affected. It then considers food buyers’ attitudes towards food safety, environmental
issues, animal welfare, organic foods, and genetically modified foods, and the impact that those
attitudes have had on food choice. It finishes with some thoughts on the antiglobalisation movement
and food labelling, and on how World Trade Organisation (WTO) measures could have impacts in the
future.
Keywords: food scares, food safety, environment, animal welfare, organic food, food labelling
FOOD SCARES
Food Scares have been quite common in countries such as Britain. Whereas in Australia, where there
is a relatively high incidence of reported food borne diseases, Food Scares have been far less
important. In the USA, food scares have also been relatively infrequent, and this may be because the
public is continually reminded about food-associated risks through health warnings that are carried on
labels. This helps to reduce over-reaction when a food scare threatens. In Britain there has sometimes
been over-reaction during a food scare, perhaps because there has been limited authoritative
information that could have lessened peoples’ concerns about the imagined hazards.
In recent years, some nations have been losing trust in the authorities that are notionally responsible
for food safety. For example, in 1965, 98% of the people in Pennsylvania thought that the government
adequately regulated pesticides. By 1984, that number had fallen to 46% (Dittus and Hillers 1993).
Since that time there has been greater emphasis on the food industry managing and monitoring food
safety standards through Standard Operating Procedures or Risk Management Programs. With the
move away from regulatory body enforcement, the image of Governments as controllers of risk
situations has declined further. Public trust stems from the belief that the food authorities and the
food industries put the safety of the consumer above other considerations. Food safety in the USA is
regulated by the FDA, which acts as an independent body with no links to producers, whereas in the
UK food safety has been monitored by MAFF, which historically has protected the interests of the
farming and food industries. The FDA probably enjoys more public trust than MAFF because of its
independence. That trust helps to reduce the public's perception of the size of a hazard. In Australia,
the outlooks of the food regulators of the 1990s seemed to be more closely aligned to the processing
industry than to farmers (Worsley and Murphy 1994), and this may partly explain why the regulatory
authorities have had a high level of confidence and optimism in food safety standards.
In the past, microorganisms have featured strongly in food scares, but since the mid 1980s there has
been a broader range of causes (Table 1). The food additives incident in the mid 1980s was one of the
first major issues in Britain that did not involve a microorganism. The concern about food additives,
and in particular food colourants, grew from increased awareness about their use and their side effects.
For example, it was estimated that the average annual consumption of food additives was 5 kg per
person. Heightened concern lead to consumer pressure in the form of letters to supermarkets. At the
same time the EEC was planning the introduction of E number identification for food additives. The
supermarkets reacted by scaling down the number of own-brand products containing about 50
additives that were giving concern, and the food manufacturing industry responded by reverting to
natural food colourants.
The Food Scare situation in Britain reached a climax in 1989. Food poisoning cases were at record
levels with more than 2,500 people seeking medical treatment in one week during August. However,
part of the concern was generated by the media; doctors recognised that there was often a sudden
filling of their surgeries the morning after a television programme on health or food safety.
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Table 1. Food Scares in the UK, 1960-1999. Scares given in bold type had a particular impact.
1960
1964
1968
1970
1976
1977
1978
1979
1980
1981
1984
1985
1986
1989

1990

1991
1992
1993
1994
1995
1996
1997
1998
1999

Food poisoning from re-warming cooked meats
Typhoid Fever
Algal toxin in mussels
Mercury in fish
Food poisoning from cockles
Hospital meals
Botulism from tinned salmon
Mercury in oranges
Food poisoning
Hormone residues in veal and beef
Salmonella in chicken and milk
Salmonella in chicken products
Food additives (e.g. tartrazine, amaranth)
Salmonella in dairy products
Radioactivity in lamb
Salmonella in eggs
Contaminants in a wide range of foods
Alar in apples
Botulinum in hazlenut yoghurt
Listeria in soft cheeses, pâté and pre-cooked chilled
chicken
Salmonella in poultry meat
Bovine brains (as vector of BSE)
Algal toxin in crab meat and mussels
BSE and beef
Carcinogens in cling film
BSE and beef
Contaminants in foods
Botulinum in pork
Carcinogen in apple juice
BSE and beef
BSE and beef
Listeria in soft cheeses
E. coli 0157
Encephalopathy from eating sheep meat
E. coli 0157 in meat
BSE in beef
E. coli 0157
Genetically Modified Foods

Imported corned beef

Kitchen hygiene
Imported
Consumer terrorism
Imported corned beef
Scare that spread from central Europe

processing
Chernobyl
Consumer terrorism
Imported nuts + pasteurization under vacuum

Consumer terrorism

In Australia there has been comparable media attention, but it has not always provoked a Food Scare.
There has been issues such as rat droppings in peanut butter, poisons introduced into biscuits,
carcinogens in soy sauce, mercury contamination of flake fish, food poisoning cases on the East Coast
from shellfish, pesticide residues from cottonseed hulls in feedlot beef, hormone and antibiotic
residues in meat, cryptosporidia in water, and E. coli O111 in salami.
Table 2 gives a breakdown of the primary concerns about food risks in the USA during the late 1980s.
At that time, chemical residues were the foremost concern, but since then the leading position has
probably been taken over by bacterial contamination (Hoban 1997). Concern about cholesterol exists
mainly amongst the elderly, and concern about food irradiation has been a concern in the past mainly
amongst people who have received less education. The only Food Scares that have been linked to
Animal Welfare have been due to product sabotage by Animal Rights activists.
CONSUMER TERRORISM
Food Scares that were caused by consumer terrorism became fashionable in the 1980s. Typically, the
activist or saboteur introduced a harmful substance into the product and then notified the media that
the product was affected. The reasons for product sabotage have included political activism, extortion,
employee dissatisfaction, copycat behaviour, and Animal Rights protest. The tamperers depended on
publicity to fulfil their purpose, and the manufacturers and retailers depended on publicity to protect
the public and their reputations. The guaranteed publicity helped to proliferate this type of food scare.
Consumer terrorism developed late in the UK in comparison with the USA and Japan, and it reached a
height in Britain in 1989. A particularly serious incident involved a babyfood product. 100 million
jars worth £32 million were taken off shelves and another 60 million were repackaged, because
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customers were finding glass, pins and caustic soda in the product. Meat and meat products have not
been major targets for this type of sabotage, except for occasional incidents when turkey products and
hamburgers have been laced with mercury. There have been three important outcomes from this
period of product sabotage. Firstly, there was the introduction of extortion insurance, which has been
taken out during periods of high risk. Secondly, it has emphasised the value of traceability through
product labelling, and thirdly it accelerated the development of tamper-proof and tamper-evident
packaging. Tamper-evident packaging has not been used much for fresh meats, and these products are
now at a relatively higher level of risk.
Table 2. Primary concerns amongst consumers in California about food risk components (Jolly et al.
1989)
Food risk component
Residues
Irradiation
Fat
Additives and preservatives
Salt
Cholesterol
Sugar
Fibre
Artificial colouring

% of respondents saying
they were concerned
62.3
60.0
51.9
45.2
44.0
42.5
41.0
35.5
33.7

ORGANIC FOODS
The food safety scares of the 1980s helped to direct consumers’ attention towards Organic and Health
foods. Demand for organic foods increased during the late 1990s. There will be a limit in the growth
of this market, as not everyone will turn to organically grown goods. The decision to change is based
on value orientation. Gunter and Furnham (1992) described people’s value orientation as being of two
types: “Internal” or “External”. Internally oriented people consider that their own destiny is up to
themselves. They regard events that happen to them as due to their own efforts and abilities, and they
tend to want to control their own lives as much as possible. Whereas, Externals are more likely to
attribute events to chance or to decisions made by other people who are in control, and they are prone
to letting fate control their lives. Homer and Kahle (1988) found that internally oriented people were
more concerned about nutrition and food additives, and were more likely to be natural food shoppers.
People who rarely purchased natural foods were externally oriented. Value orientation was more
strongly linked to attitude than to behaviour.
However, attitude towards nutrition was linked to
natural food shopping behaviour. This implies that attitude acts as a key intermediate between value
orientation and behaviour.
The distinction between Internals and Externals is useful, because it helps us recognise whether
information that is put forward about food safety and environmental issues is likely to be accepted.
The Externals are more likely to take notice of conciliatory messages, whereas Internals are more
likely to respond to information (including marketing slogans) that portrays some personal benefit.
Clearly, a single message is not going to appeal to everyone.
Although people who buy organic foods regularly are more likely to be internally than externally
oriented, they sometimes claim that they are less often occupied in their minds by health issues
(Schifferstein and Oude Ophuis 1998). Health, however, seems to be more important amongst
incidental buyers of organic foods in comparison with heavy buyers (Schifferstein and Oude Ophuis
1998).
Food safety is usually considered the single most important feature that governs the selection of
organic foods (Table 3). A survey in Northern Ireland showed that of the 35% of the people who were
regular buyers of organic foods, 73% said that their main reason for buying organic food was because
they considered it healthier. Other reasons were no additives or sprays (50%), taste (35%), freshness
(34%), and environmental reasons (33%) (Titherington et al. 1996). The main reasons that more
people did not buy organic food were poor availability, higher price, and because they were perceived
as being “no better than conventional products” (Jolly et al. 1989). The greenest age groups tend to be
the late teens and the 35-44 year age group. Within the younger age group, disposable income was
particularly important in determining who actually purchased green products (Titherington et al.
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1996). Supermarket managers seem to be reluctant to admit that people buy organic produce because
it is healthier. Instead, the managers say that it is because of concerns about the environment (Tregear
et al. 1994).
Table 3. Important features attached to Organic Foods.
Order of importance amongst consumers of organic foods (Jolly et al. 1989). The feature at the top of
the list is the one with the highest importance.
Feature
Safety
Freshness
General health benefits
Nutritional value
Effect on the environment
Flavour
General appearance of the product

In Australia, 92% of the public consider that it is important to buy foods that are environmentally
friendly, and 60% claimed that they were willing to pay more for organically grown foods (Norton et
al. 1998).
The most frequently purchased organic foods, in decreasing order, are fruits, vegetables, chicken,
eggs, beef, and pork products. Organic fruits, vegetables and eggs yielded higher levels of satisfaction
than organic chicken, beef and pork. The reason for the greater dissatisfaction with chicken and pork
was the poorer appearance or presentation of the product, and, in the case of beef, its flavour. This
may have been due to more grassy flavours in comparison with beef from conventional feedlots.
Three factors are causing some farmers to take up organic meat production:
• in some countries, farmers are being forced by law to move nearer to organic systems through
regulations on pollution. This has enabled compliance with organic meat production standards
• the potential for higher financial returns makes organic production more attractive, especially in
saturated conventional markets, and for small scale producers. During the BSE Food Scare in the
UK, beef sales dropped dramatically, and sales of conservation grade meat sold by the Real Meat
Company doubled in the first few weeks. Organically reared meat was regarded as a safe and
healthy eating option in this situation
• a belief in the organic ethic.
HEALTH FOODS
An important consequence of the Food Scare era of the late 1980s, was the rapid increase in demand
for health foods. The Horticulture industry enjoyed some major benefits. Meat, on the other hand, did
not, and it still does not have the image of a health food. It is, however, often regarded as good for
health. At present, fish has the strongest image as a good-for-health meat, but in the past veal and
chicken held that position and were often provided for invalids or people in poor health, because they
were easily digested. Clearly, perceptions about health foods change with time. Another example of
such a change has occurred in the case of Kellogg’s Cornflakes. When first introduced this product
was promoted as a health food. Now it has been displaced from that position by higher fibre less
digestible cereals. In the future people may focus on eating according to their genes or personal health
risk.
ANIMAL WELFARE
Concerns about animal welfare and animal slaughter have been important contributors towards
reduced meat eating (Gregory 1997). However, the link between those concerns or attitudes and
behaviour are sometimes obscure. This is particularly true when there is a conflict between animal
welfare and other perceived benefits, such as convenience, eating quality and price. Wandel and
Bugge (1997) concluded that the majority of people are particularly reluctant to sacrifice taste,
freshness and nutritional value for environmental or welfare benefits. There is bound to be a price
threshold for animal welfare and environmentally sound products. That threshold will vary between
socio-economic groups, and according to outlook and prospects. In the case of Norway, people claim
that the threshold lies between 5 and 10% above the price for standard product. However, that claim
has not been reflected in their behaviour. What they said was an exaggeration of their willingness to
pay more.
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Oude Ophuis (1994) conducted an important survey, which showed that people who favour an animal
welfare friendly product also place strong emphasis on its eating quality. Regular eaters of free range
pork considered that this type of pork was less fat, less dry, less bland, more tender and more pleasant
than standard pork. However, when they ate free range pork, not knowing that it was free range, these
features were less obvious. They only rated it as less fat. People who were not regular eaters of free
range pork did not find any differences in eating quality between free range and standard pork when it
was eaten without knowing its origin, but they thought that it was less fat when told that it was free
range.
Table 4. Reasons for concern about eating GM dairy and meat products within Japan and New Zealand
(after Macer 1992)
Number of people who expressed concern
Reason for concern:
Unknown health effects or risks
Unnatural feeling (including taste)
Doubts about safety
Don’t know what we are consuming
Information is being hidden
Side effects
Quality and purity cannot be guaranteed
Potential for new diseases
Environment or ecological effects
Economic, ethical or political concerns

JAPAN
Dairy
Meat
260
278

18
14
12
1
7
4
3
3
2
2

NEW ZEALAND
Dairy
Meat
871
981

% of those expressing concern
18
22
21
16
26
27
11
12
9
1
14
15
7
11
9
4
7
5
2
3
4
4
3
3
1
2
-

ENVIRONMENT
The market for green or environmentally-friendly products started to grow in the late 1980s. The
throw-away eighties gradually merged into the eco-sensitive nineties. Green consumers became less
of a marginalised minority and international differences developed in attitudes towards the
environment and behaviour in buying environmentally sound foods (Sutton and Al-Khatib 1994;
Titherington et al. 1996). However, as the public became more educated and wiser in green matters,
they became aware of the superficial nature of the environmental friendliness of some products. For
example, about 10 years ago, Friends of the Earth initiated the “Green con of the year” award for the
organisation that had done most to hoodwink the public.
Genuine attitudes towards the environment are deep-rooted within society, and a brief examination of
some of the extremes in attitude can be helpful in understanding the fundamental outlooks. Some of
the most extreme views about the environment are held by neopagans. They
• have a romantic attachment to nature, in place of a more traditional religion
• range from people who practice nature religion in organised groups, to those who place a personal
spiritual slant on the Green Movement
• tend to believe that nature is in some way alive or sacred, and their values for nature are closely
connected with archetypal images of ecology and the environment.
Their outlook, and those of less radical environmentalists, is being fuelled by the growing political
power of environmentalism. Environmentalism is politicised in the Green Movement, and most
countries have a Green Party. Its principles foster social responsibility towards the environment and
global awareness. Animal Welfare is less politicised at present, although it has been embroiled in
politics in the past (Gregory 1999). Modern environmentalism adopts the outlook that environmental
degradation has stemmed from a society that has faith in science and technology, believes in progress
and abundance, and adopts a laissez-faire economy.
It is often stated that concern about environmental quality is a luxury that largely concerns the wealthy
nations. However, that claim has been challenged by the findings of the Health of the Planet (HOP)
survey (Dunlap and Mertig 1995). That survey was conducted on 24 nations and it is one of the most
comprehensive pieces of work in this area. It is true that people living in low Gross National Product
per capita (GNP) countries rate other problems besides environmental issues as pressing. Those issues
include hunger, homelessness, crime, violence, poor healthcare, high cost of living, and
racial/ethnic/religious prejudice or discrimination. Environmental issues are taken more seriously by
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people in wealthy nations when they are compared with socio-economic issues: vis. the perceived
seriousness of environmental problems relative to other problems was positively correlated with GNP
(r = 0.70, p<0.001; Dunlap 1997). However, the concern for environmental quality in low GNP
nations was quite broad-ranging. The HOP survey showed that poorer nations were more likely to see
environmental problems as health threats (r = -0.70, p<0.01), but they believed that environmental
problems had not affected their health in the past (r = -0.29, n.s.). The old assumption that nonindustrialized nations do not worry about environmental protection is incorrect.
Many people claim that they are environmentally aware and that they have concerns about the
environment (that are consistent with recent media attention). However, those concerns do not always
translate into buying habits. Marketers have found that consumers, despite their professed beliefs, are
still extremely price-sensitive when it comes to buying green. In one study, 75% of the respondents
claimed that they would pay more for green grocery products. Only 14% regularly bought those
goods, and only 16% avoided products from companies they considered anti-environment. Mainieri et
al. (1997) also showed that general environmental concern was not a major determinant in greenbuying behaviour. Instead, people with strong pro-environment beliefs were focused. They bought
particular items that fitted their particular beliefs. Pooley and O’Connor (2000) found that West
Australians base their attitudes towards environmental issues on a balance between beliefs and
emotions. Surprisingly, there was an element of independence within individuals between their beliefs
and their emotions. Attitudes that had a strong emotional base were usually negative and were more
likely to be formed through direct experience. Whereas, attitudes based on beliefs were more likely to
be acquired through indirect experience and seemed to be cognitively based.
FOOD SAFETY
In a recent survey in Australia it was estimated that of the 20 billion meals eaten each year, about
0.02% resulted in food poisoning. This seemingly small incidence represents 11,500 cases of food
poisoning a day and was estimated to cost Australia $2.6 billion per year. Although food safety has
been the main consumer concern that has contributed to the growth of the organic and health food
industries (Table 3), it would be simplistic to think that organic farming is the answer to all food borne
pathogens. For the future, we need to know more about how to safely manage bulky material
containing pathogenic bacteria. This includes a better understanding of how to manage the application
of effluent to pasture and soil, and of what happens to pathogenic microorganisms as they percolate
through the soil. In addition, we need to know how to manage a herd which is identified as carrying a
potential pathogen such as E. coli O157. With the advent of traceback systems from processing
plants, it will be feasible in the future to identify individual properties that harbour particular
pathogens and manage them accordingly. New pathogenic bacteria have been cropping up, and there is
strong evidence that confirms the emergence of antibiotic resistant strains. These are serious threats
for the future and they will probably increase the cost of managing food-related risks. New thinking is
required on how to sanitise a herd (flock) or farm in order to get rid of a microorganism that is
pathogenic to humans but less so to animals.
GENETICALLY MODIFIED FOOD
The new consumer concern that emerged during the late 1990s is food from Genetically Modified
Organisms (GMOs). There are in fact a range of concerns, and they were identified sometime ago by
Macer (1992) in surveys conducted in New Zealand and Japan. Firstly, he found that about half of
New Zealanders (48%) and Japanese (55%) were concerned about the prospect of eating meat from
genetically modified animals. There was slightly less concern about consuming GM medicines and
vegetables than GM meat. The reason for concern about eating GM products from animals are shown
in Table 4. The primary issues were “uncertainty about the health effects or risks”, “unnaturalness”,
and uncertainty about the adequacy of testing for risks. In the case of “unnaturalness” there was the
feeling that GM foods are against the law of nature, that the original taste of the food will disappear,
and that everything will taste the same (“shimofuri”). Under quality and purity, some people said that
“artificial meat is frightening”. There was also a perception that potentially harmful foreign genes
might be present. Reference was made to thalidomide and cancer as examples of unforeseen
disorders. In general there was close similarity in the reasons for concern amongst Japanese and New
Zealanders, and there were no distinctions between GM meats and GM dairy products. There was one
difference between the nationalities. The New Zealanders were concerned about knowing what they
might be consuming, whereas this was not a concern for the Japanese. This could either reflect
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differences between the cultures in awareness about the origins of meat. Alternatively, it could be due
to the greater tendency in Japanese culture to focus on benefits, rather than seeking hidden dangers.
Comments about economic, ethical and political concerns included: “I don’t trust the safety standard
which is decided by the government or industry”, “misuse”, “can’t trust the results of research looking
at the effects”, “can we morally accept artificial animals ?” Animal Welfare was not an important
issue; only 1% of the Japanese and 5% of the New Zealanders who were worried about GM foods
thought that it was relevant.
Not long after Macer’s surveys, Lawrence et al. (1993) surveyed the opinions of leading
representatives from the main farming associations in Australia. Producers for almost every
agricultural commodity were represented in this study, and their perspectives about the prospects
created by biotechnology were generally positive. The main anticipated benefits were in areas of
disease control in plants and animals, together with improved productivity from superior genetic
material. Examples included:
• nitrogen fixation in wheat and barley
• improved vaccines for livestock
• improved worm control
However, 50% of the organisations identified some concerns about aspects of biotechnology. There
was no one concern that predominated, but the concerns often featured some aspect of control. For
example, there was concern that:
• genetic manipulation will increase dependence on herbicides
• seed and plant material will be patented by large companies and be unavailable to the grower
• it would be too easy for scientists to pursue programs that served personal interest rather than
being useful to agriculture.
Some other important points arising from this survey were:
• 92% of the organisations agreed with the statement that scientists and research administrators need
to spend more time talking to farmers about the potential impacts of genetic engineering
• 70-80% disagreed that it was unethical for scientists to genetically engineer plants, animals and
microbes
• 58% agreed that if Australia does not move quickly in developing genetically engineered products,
it will become less competitive internationally
• 33% could not reach a view on whether the benefits of genetic engineering outweigh possible
risks.
In a survey of the attitudes amongst the Australian public, Norton et al. (1998) found that genetic
engineering of foods did not rank highly as a general concern in comparison with other topical issues
such as the drug problem, crime and public safety, poverty in Australia, preserving the environment,
and the cost of living. Nevertheless, 56% of the public were concerned about the health risks from
eating genetically engineered foods, and 76% felt that the accidental release of genetically engineered
organisms will cause environmental damage. There was almost complete agreement that there should
be consultation with consumers before the release of genetically engineered foods (‘biodemocracy’),
and that there is a need for government control of genetically engineered foods. The government’s
image needs strengthening in this area, as only 31% of Australians think that the information provided
by government departments to the public about the risks of technology were honest and reliable
(Norton et al. 1998).
The way vanilla production on the islands of the Indian Ocean is heading is a poignant example of
how biotechnology can adversely affect a farming industry. Most of the world’s natural vanilla is
produced in Madagascar, Reunion and Comoros Islands, and on the world market the beans sell at
about $1,200 per pound. Genetically engineered vanilla produced by Escagenetics sells for less than
$25 per pound. It has been predicted that more than 100,000 farmers in the three vanilla-producing
countries will lose their livelihood over the next 15 years.
In the future, public reactions to GM foods are likely to be determined on a case by case basis. The
hypothetical GM chicken is seen as a less natural product, and the public is not likely to buy it if the
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product is labelled as such and there is a free choice (Frewer et al. 1996). The lack of acceptance for
particular GM products seems to be closely linked to the perceived unnaturalness of the product.
Whether focus will also be given to the social impacts of biotechnology is uncertain.
FOOD LABELLING
Various shades of green are used in labelling organic-style foods. Organic food is produced without
the use of artificial pesticides, herbicides or fertilisers. Organic meat comes from animals raised in
non-intensive farming conditions, that are free from unnecessary medication such as antibiotics and
growth stimulants, and the animals had feed or pasture that was organically grown. Conservation
grade food is grown on soil containing certain inorganic fertilisers or chemical weedkillers, but the
soil is not sprayed with pesticides. Sustainable means that under the production system that was used,
the land could produce food indefinitely. In some countries there is a distinction between
Alternatively grown and reform foods. Alternatively grown relates closely to organic production
methods, whereas Reform foods have had minimal processing subsequent to growing (e.g. unrefined
sugar, muesli).
Three systems for labelling welfare-friendly and environmentally-friendly products have emerged.
They are Production System Identifiers (e.g. free range), Brand labels (e.g. Freedom Food) and
Concept oriented labels. Richard Guy of the Real Meat Company in the UK devised a sensible system
that could fit into either the Brand label or the Concept oriented labelling systems. It is called the Star
Cares System. In it, the product label carries boxes with stars, and an example is shown in Table 5.
There are four categories; Animal Welfare, Product Purity, Environmental Issues, and Social Issues.
Product Purity encompasses the use of growth promoters or additives, and Social Issues includes
exploitation of under-payed labour. Each category is given a star rating on how good it is at achieving
a set of required goals. No star rating would be low, and a three star rating high. If one of the
categories was not assessed it would be given a cross. The advantage of this system is that it caters for
most consumer concerns in a single simple format. This is an appealing way of over-coming the
increasing complexity of labelling systems.
Table 5. Star Cares System of product labelling
Animal Welfare
Product Purity
Social Issues
Environment

***
*
X
**

Labelling is not likely to be a panacea for all the consumers’ concerns. It does not necessarily increase
the feeling of control or security amongst purchasers, which it may be designed to do. It can also
have unpredictable consequences. For example, labelling GM foodstuffs could work two ways. It
could either provide supermarkets with a means of excluding GM foods from their shelves. Or, it
could increase familiarity and this could lead to public acceptance.
ANTIGLOBALISATION
Antiglobalisation encompasses a complex range of beliefs, attitudes and concerns. Part of the
ideology of antiglobalisation is for reduced dependence on multinational companies (anticorporatism).
Instead, one of the antiglobalisation goals is for the local community to provide itself with food and
housing, and to use surplus resources in servicing demand for exports. The situation in Mexico is often
quoted as an example where globalisation of trade has impacted adversely on local communities
(Lehman and Krebs 1996). When the NAFTA agreements between Mexico and the USA were
implemented, there was a decline in cooperative farms (ejidos) and maize production in Mexico.
Previously, maize growers in Mexico had enjoyed government protection from cheap imports, and
farmers were allowed to collaborate through cooperatives. Now, it is more cost effective to buy maize
from the north, and many farmers have moved to the cities in search of jobs because they could no
longer make a living in the provinces.
In general terms the antiglobalisation concerns centre on:
• world trade becoming dominated by negotiations taking place behind closed doors between
unelected and largely unaccountable government agents who mainly represent business interests
• national democracy becoming subordinate to WTO-sanctioned controls
• dependency of agriculture on transnational companies for technology and inputs
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•
•

subsidised industrial infrastructure fostering centralised manufacture of goods at costs that are
well below those existing in the provinces. Growing dependence on imported food in the
provinces
erosion of individual influence, control and self-esteem, leading to abdication of personal
responsibility

An underlying theme is that decisions are made which have important social impacts, but there is no
public representation or scrutiny in the decision making process. There is inadequate disclosure of
process, and failure to consider wider interests and future implications. Decision making is perceived
to be done by barter between influential arbiters, rather than through consensus.
A secondary theme is that agriculture is changing from an integral sector of a nation’s economy, to a
dependent labour arrangement in which fewer remaining farmers are merely providers of raw
materials for a giant food manufacturing industry. The fact that the US Government is considering
removing “farming” as a category from its census is an example of the impact of this socio-economic
change. The large corporate food companies have valued farmers primarily for their land resource and
their labour, but within their own businesses they have strived to substitute technology for labour. The
food companies may feel that criticisms about farm environmental issues are not their problem, but
they are being forced to recognise that the general public’s concern is directed through their trade. For
example, 80% of Australians feel that consumers should be prepared to boycott companies that do not
protect the environment (Nolan et al. 1998)).
A key event that could change things for the future is the Uruguay Round of GATT. Before the
Uruguay Round, the GATT agreements had applied only to regulations or impositions on trading in
goods. With the Uruguay Round, the aims of GATT were extended to service industries, such as
banking, insurance, IT and communications, the media, and professional services such as law,
medicine, tourism, accounting and advertising. This has allowed transnational corporations to
penetrate the service industries throughout the world, and it has allowed a large number of
multinational companies to adopt national treatment rights. The antiglobalisation belief is that this
will add to the imbalance between trade interests and those of local communities.
WORLD TRADE ORGANISATION AND ANIMAL WELFARE
A major concern about the WTO is that it stands outside conventional democracy and that its focus is
on promoting and securing trade without due concern for social and environmental needs. A potential
repercussion is that there will be changes to the rules that govern trade. It may transpire that
environmental and animal welfare issues could be used more forcibly as Technical Barriers to Trade
between nations. Until recently, the usual interpretation of the WTO agreements has been that it
would be unacceptable to base a barrier to international trade on animal welfare grounds (Gregory
1995). Instead, many governments take the approach that they prefer a non-restrictive approach to
meeting animal welfare objectives. In recent time several developed countries have taken import
restraint measures without any cover of legality. When these measures have not been conclusively
pronounced as violating the disciplines of GATT 1994, they have been called “Grey Area Measures”
(GAMs). At first, the 1999-2002 restraint on lamb importation into the USA from Australia and New
Zealand was a GAM designed at defending an industry that is unable to face competition. Curbing
imports was seen as an appropriate option rather than letting market forces take their course. At the
WTO meeting in Seattle it became clear that there was aversion amongst some nations and protestors
to over-stringent application of WTO principles on free trade and investment. This in turn might lead
to more GAMs in the future. We will have to wait and see whether Animal Welfare ever becomes
drawn into the justification for a GAM.
There have been cases of trade restraint that have been based on animal protection. This, however is
not the same thing as Animal Welfare. In recent years there have been two Technical Barriers to
Trade that have been based on animal protection. They were, restraint on tuna importation, because
the methods for catching tuna also caught and endangered dolphins, and restraint on the importation of
shrimps, because turtles were being caught in the shrimp nets. These two instances were considered
acceptable barriers under Article XX of GATT 1994, which permits measures that are necessary to
protect human, animal or plant life or health. The qualifying term “necessary” may be open to
alternative views, in which case they could be GAMs.
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CONCLUSIONS
1989 was one of the turning points in the history of the food industry in Europe, because of the effects
it had on subsequent years. It was inundated with food scares and with concerns about food
poisoning. It lead to a gradual change in ownership of responsibility for looking after the health of the
public through the food they ate, and it accelerated the growth of the health food industry. In
comparison with other foods, meat has often been involved in Food Scares, but it has not been a
common target for scares created by consumer terrorism. Now, the main drivers towards natural or
organic foods relate to personal health, pesticides and environmental contamination.
In some countries there is a strong cultural involvement with the environment. There is a powerful
respect for nature that is intertwined with a drive to protect it from human destruction. A growing
outlook is that nature is best protected by minimising human involvement, as it is self-sustaining and
would be almost eternal if human interference was absent. The alternative outlook is that the planet is
becoming overstocked with people, and it is becoming difficult for society not to encroach on
protected land. For every 2 hectares of snow/ice-free land on this planet there is one person, and if the
population plateaus, as is predicted, at about 10 billion people this will rise to one person for every 1¼
hectares. In reality, undisturbed ecosystems are a dwindling resource and nature management is now
an integral part of protecting those reserves (Budiansky 1995).
Environmental and waste management must become a stronger focus if we are to avoid Food Scares
and increasing problems with pathogens in the future. However, the real challenge for the future is not
in finding answers to the technical features of production and pollution. Instead, it is in encouraging
an economic and social order that fosters environmentally correct production practices whilst fulfilling
social needs and rights.
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THE McCLYMONT LECTURE FOR 2002
THE IMPACT OF ANIMALS ON THE ENVIRONMENT: SHOULD WE BE SWITCHING TO
KANGAROOS AND, IF SO, HOW COULD WE? A PAPER TO STIMULATE DISCUSSION
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Zoology and Entomology, School of Life Sciences, The University of Queensland, Qld 4072

SUMMARY
The long-term ecological and economic sustainability of what we now call the sheep rangelands probably
depends upon finding a less damaging alternative to sheep. If you were to design the perfect grazing
animal for our semi-arid rangelands, it would be one that returns a good profit at stocking rates that are
ecologically benign. Neither sheep nor goats qualify but, with better marketing, I believe that kangaroos
are not far from that perfection. In this paper I describe in some detail how a new generation of kangaroo
growers might operate, not farming them, but taking a selective, regulated, harvest from the free range
populations. I identify current problems and suggest solutions, and provide suggestions about how the
increase in price for the product could be achieved.
Keywords: rangelands, kangaroos, ecological and economic sustainability, harvesting, marketing
INTRODUCTION
If the land we now call the sheep rangelands has any significant economic future, it will probably not be in
sheep. The environmental costs of land degradation will be intruding increasingly into the balance sheet
and it is hard to see wool prices ever becoming sufficiently high to swing the ‘triple bottom line’ balance
sheet positive. The present trend in NSW and Queensland towards replacing sheep with goats is unlikely
to provide an ecologically sustainable answer, and much more likely to precipitate a quantum increase in
land degradation, pushing the rangelands finally to desert as happened to much of the Mediterranean
lands. Rangelands grazing enterprises would have a much better chance of long-term economic viability
if there were a herbivore that could be sold for sufficiently high prices to enable profitable operations at
densities which are ecologically benign. This is clearly not the case for either sheep or goats, but
kangaroos seem to have the potential to reach prices at which they may be that herbivore. This paper
explores that possibility.
Australia has 50 species of macropod marsupials — the kangaroos, wallabies and rat kangaroos — of
which many have suffered serious declines or become extinct since colonisation by Europeans,
particularly as a result of habitat modification associated with grazing by introduced stock (see review by
Calaby and Grigg 1989). However, a small number of species of large kangaroos — the Red Kangaroo
Macropus rufus, Eastern Grey Kangaroo M. giganteus and Western Grey Kangaroo M. fuliginosus in
particular — have increased markedly in abundance. They are present in vast numbers in many parts of
Australia’s arid and semi-arid rangelands, a mostly degraded area occupying about 40% of the continent,
where they coexist with about 15% of the nation’s sheep flock. The initial degradation was caused by the
wool industry, with sheep numbers driven by the 19th century English wool market without regard for the
impact of overgrazing on the land (Lunney 2001), which was exacerbated by the rabbit plague. Total
grazing pressure remains an issue today and the long term ecological and economic future of the degraded
rangelands probably depends upon finding an ecologically benign alternative to sheep.
PRESENT SITUATION
Most of Australia’s sheep, about 85%, are not in that semi-arid 40% or so of Australia that is called the
sheep rangelands, but in the wheat-sheep belt. In the semi-arid lands wool productivity per hectare is low,
and only large properties are viable in the sense that they provide a family with a good living. Land
degradation throughout the sheep rangelands is severe in many places and, when wool prices are low,
economics encourages overstocking and further degradation. Many woolgrowers in the rangelands lack
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faith in the long-term capacity of wool to sustain them and their families, and many are looking for other
alternatives. Hence we see the growth of farmstays and other forms of ecotourism, and other uses for land
such as switching from sheep to cattle and the planting of traditional and novel crops. In some areas,
landholders are switching from sheep to goats.
In the search for an alternate industry, it is worth noting that most of Australia’s kangaroos live in the
sheep rangelands. I think it strange that landholders overlook kangaroos as they seek alternate uses for
their land and supplementary sources of income. Most woolgrowers see kangaroos only as a pest,
competing with sheep, drinking their water, damaging their fences and colliding with their cars.
Accordingly, most wool growers are apparently content to allow kangaroo shooters onto their land to
harvest kangaroos, free of charge, presumably seeing a benefit in having the numbers reduced at no cost to
them.
There may be another approach. Kangaroos seem to have a lot of potential to provide significant extra
income for woolgrowers and to improve property viabilities at lowered total grazing pressures. For
reasons that are not immediately apparent, however, graziers seem to be disinterested in pursuing this
potential. Why they ignore kangaroos (except as perceived pests) yet seem happy to switch to goats
(which probably really are pests) is not clear. The present low price of kangaroos is undoubtedly a
hindrance, but maybe that could be changed with good marketing. Also, the iconic status of wool growing
in Australia (riding on the sheep’s back) and the low esteem in which kangaroo shooters were once held
(or still are?) may have a lot to do with the current financial disinterest in kangaroos by most landholders.
Whatever the reason, I think that woolgrowers and their organizations are missing out on an opportunity.
For one thing, the present kangaroo industry has all the nuts and bolts in place for significant expansion.
The only thing missing, really, is a high price for the products. If the price of kangaroo meat at the farm
gate were to double, the situation could be very different. And if woolgrowers and their organizations
were to put the same imagination and political grunt into marketing and getting behind kangaroo products
the way they have for wool, I think they would be on a winner.
Let us explore the present kangaroo industry, and why I say that it already has just about all the nuts and
bolts in place for expansion.
The kangaroo industry is now well established. There is a large annual harvest, proven by many years of
experience to be sustainable in the long term, with most of the legislation, regulations, biological
knowledge and industry infrastructure already in place. Kangaroos in fact already provide a spectacularly
successful example of an ecologically sustainable wildlife harvest (Pople and Grigg 1998, Grigg and
Pople 2001).
A lot has changed on the kangaroo front in the last 20 years. In the 1970s exports of kangaroo products
were closed down because of concerns about the effects of harvesting on the populations and the lack of
good monitoring protocols. This stimulated a large amount of research, including aerial surveys and
population ecology, particularly by Graeme Caughley (see Caughley et al. 1987). A lot of wild claims
had been made about how the kangaroo industry was threatening kangaroo populations with extinction,
but the research refuted that entirely and convincingly. It showed that the large species of kangaroos were
abundant, their numbers being dictated by rainfall and subsequent growth rather than by harvesting.
When the restrictions were lifted, harvest quotas based on regular population monitoring were set
annually, state-by-state, and the industry has grown considerably since then. Most of the focus earlier was
on hides and pet food, and in the 1970s only South Australia the ACT and the NT permitted the sale of
kangaroo meat for human consumption. This prohibition was partly a reflection of the conservatism of the
times and partly because of lobbying by producers of traditional red meats. However, kangaroo meat is
now available in all States and the proportion of the harvest that goes for human consumption is increasing
strongly. There are guidelines to ensure hygienic handling of the meat in the field and a Code of Practice
to ensure humane slaughter. Kangaroo is on the menu at many restaurants. Both local sales and the
export of kangaroo meat for human consumption are rising. Its export has risen dramatically from 2.8
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million kg in 1995 to 5.8 million kg in 2000 (Kangaroo Industry Association of Australia [KIAA] April
2001 Newsletter, view at http://www.kangaroo-industry.asn.au). This is only 20% of the total weight of
kangaroo meat sold, so there is a huge capacity to increase the sale of meat at a better financial return,
without increasing the number shot. With BSE and similar diseases affecting sales of beef, the trend
towards alternate meats such as kangaroo is logical.
Some landholders have instituted kangaroo
harvesting and others have profited from charging for access to kangaroos on their properties.
Importantly, there has been a growing awareness of the potential to gain conservation benefits from the
sustainable use of wildlife (see Grigg, Hale and Lunney 1995), as well as a formal endorsement of the
concept by the International Union for the Conservation of Nature in Resolutions 18.24 (Perth 1990) and
2.16 (Amman 2000). Moreover, most Australian governments have adopted policies which support the
sustainable use of wildlife (see, for example www.dlwc.nsw.gov.au/care/land/wlr). So we have come a
long way. Despite this, woolgrowers, on whose properties most kangaroos grow, still seem to have their
backs turned, except to focus on ‘pest’ control.
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Figure 1. Population trends in Red and Grey Kangaroos, annual harvest quotas and achieved harvests in the
sheep rangelands of South Australia (updated and modified from Grigg and Pople 2001)

Our semi-arid rangelands are already the location for a very large, well regulated, sustainable, and
humanely carried out harvest of free-range kangaroos. In the absence of dingoes, there needs to be control
of kangaroo numbers, else there will be even more widespread and pronounced starvation of kangaroos in
every drought. So the artificial predation provided by a kangaroo industry is an important element in the
now man-made, artificial ecosystem of the rangelands. What I am saying is, let us make the absolute most
of this, and use it as a way to promote rangeland rehabilitation and economic productivity.
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Let me now try to paint a picture of a possible future in which a shift in focus by landholders from sheep
to kangaroos allows improved property viability at reduced total grazing pressure.
A VISION FOR THE FUTURE: ECOLOGICALLY AND ECONOMICALLY SUSTAINABLE
KANGAROO HARVESTING AS A REPLACEMENT FOR SHEEP
Scenario
Just imagine for the time being that kangaroos were worth a lot more money. What scenario can we
imagine of how an industry might function, and what elements are missing? In my vision, I see kangaroos
remaining as free-ranging wildlife, and harvested periodically and humanely by small teams that move
around the country with a mobile chiller, probably in an annual cycle. The teams harvest the number of
kangaroos permitted for that property by the regulatory authority, and pay a price for them negotiated in
advance with the property owner. It is likely that some landholders would want to be more involved,
either through financial interests in the harvesting and processing chain or, perhaps, more directly through
employing harvesters and managing the sale of their own product. Both of these situations exist now, of
course, in a limited way. Some landholders already charge access rights to shooters. Some landholders
have taken out appropriate licenses to harvest, process and sell their own kangaroos.
Setting of quotas and future monitoring
I see a continuing and important role for government regulatory agencies in setting annual quotas. To set
quotas properly at a property level, if kangaroos are more valuable and there is more pressure than at
present to maximize the quota, will be a bit of a challenge and will require some developments and
modification. At present, kangaroo populations are estimated by aerial surveys at sampling intensities that
are good for deriving estimates at regional scales. This means that an appropriate harvest quota can be set
for a region, but it is difficult to translate this to an appropriate quota for each of the properties in that
region. At present this is achieved by different means in different jurisdictions, taking local knowledge
into account and some information about the distribution of different habitat types within a region. Some
current research work under way at The University of Queensland should enable a significant refinement
in this within the next two-three years. We have an ARC Linkage grant to examine correlations between
trends in numbers and satellite-gained indices of pasture growth, among other things. This work is in
collaboration with partners in State and Federal agencies and the kangaroo industry and should allow two
improvements. We should be able to add an element of prediction a year ahead of the likely number and
distribution of kangaroos. We should also be able to provide valuable interpolations between the present
survey lines, to enable better assessments of density and quota setting at a more local level, taking habitat
into account.
This will, however, still be short of what will surely be required if kangaroos become a high value
commodity. We can be sure that, if this were to happen, landholders would want to be sure they were
getting the maximum possible offtake, set as a percentage of the number of kangaroos on their property,
and so having an accurate estimate would assume a much higher importance than it now does. I can see a
time, therefore, when landholders would be wanting to have an opportunity to conduct kangaroo surveys
of their own properties, and paying for it. There is already an appropriate method for conducting accurate
surveys of smaller areas, using the ‘line transect’ technique which is regarded as industry standard by
wildlife managers. As applied to kangaroos, this involves flying transects across the property using a
helicopter and a team of trained and experienced observers, methodology which has been thoroughly
researched and validated by QPWS. Because helicopters are quite expensive, Lyn Beard, Tony Pople and
I trialled the use of an ultralight aircraft as a survey platform, instead of a helicopter, and found it very
satisfactory.
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Figure 1. A Drifter ultralight aircraft set up for kangaroo survey of individual properties using line transect
methodology. The observer sits behind the pilot and can count to the southern (better viewing) side in both EW and W-E transects (Grigg, Pople & Beard, 1997).

Figure 2. Observer’s view of transect from the Drifter ultralight. Kangaroos are recorded by species and
distance from the aircraft as guided by the grid wires. At 50 knots, the ultralight emulates the use of a
helicopter but at a much lower cost.

I can envisage a time when a kangaroo grower might contract one of a small number of certified kangaroo
surveyors who operate from an ultralight aircraft and, following the protocols developed already, make an
accurate estimate of the kangaroo stocks he property. An issue that people often raise with me is when
would you do the survey? Because the kangaroos have no respect for fences and they might be here today
but on the neighbour’s place tomorrow. This is partly true, because kangaroos can be quite mobile if they
need to be. But most radiotracking and tagging studies have shown that kangaroos tend to remain in the
same general area for most of the time, moving out mainly when conditions deteriorate. So if were up to
me, I’d let a landholder choose the time that they do the survey on which the quota is then based. That
should avoid arguments and, as I suggest later, if land is managed in a way which encourages kangaroos
to stay, not move out, then that is a conservation benefit.
Which bring us to the question of ownership.
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Ownership
I am often told that what I am talking about could not work because a kangaroo grower would never know
how many kangaroos they own, could not afford to put up big enough fences to keep them in, and could
not identify their value as a basis for establishing a loan from a bank. I think this is not an issue. Under
what I am proposing, kangaroos can remain the property of ‘the Crown’, which decides what a quota for
the year will be, and ownership would be taken when a kangaroo taken within the approved quota has its
tag attached. So in my property of the future, the recent history of kangaroo harvest quotas would be the
basis for determining property value, rather than the records of wool clips or approved sheep stocking
rates. There are some similarities here to the operations of a fishing industry; fishers do not ‘own’ their
product, but have a right to harvest it, usually within certain proscribed geographic areas and to a certain
catch limit. Because kangaroos can be seen from the air and counted, we will always have a much better
idea of how many kangaroos there are than we know of fish stocks.
The harvesting process
The Code of Practice requires that kangaroos be shot in the head, and the success rate at that is
extraordinarily high. This ‘paddock slaughter of an animal unaware of danger’ is undoubtedly humane in
comparison to the process by which domestic animals are transported and slaughtered. Philosophically
there is an appeal, too, because of the ‘free-range’ element. I know people who regard eating kangaroo as
more acceptable than eating pork, beef or lamb or because of the way domestic animals are handled prior
to death.
This is not to say that there is no room for improvement. Most females have a joey in the pouch,
embryonic in comparison to the young of placental mammals, and dependant on the mother to whose teat
it is attached. So when a female is shot the joey cannot survive. The Code demands that a joey is killed
quickly with a blow to the head, which is undoubtedly humane, but is unacceptable to some people
because it sounds so brutal. I think there is room for exploring ways to dispatch the joeys in a less brutal
sounding way. Often there is a young at foot as well. As in many species, young kangaroos often remain
with the mother well past their need to suckle. Most shooters do not shoot a female with a young at foot
which they judge to be still dependant on the mother, partly out of concern for the young, but also because
it makes good business sense anyway.
In the more sophisticated harvest that I envisage, I can see shooters being even more selective over which
kangaroos they shoot. It is worth remembering that a shooter gets a good look at the target through the
telescopic sight, and skilled shooters get to be good judges of the size and probable sex. Some have
likened this inspection of the target to the pre-slaughter veterinary check conducted at abattoirs for
domestic stock.
Harvesting, not farming; a low cost operation
Perhaps I should re-emphasise that I am not talking about farming kangaroos, but about harvesting them
from the free-range populations. Farming implies fences, traditional ownership, husbandry, and so on. It
would bring a need to provide fodder in poor times, diseases, attempts to treat disease, genetic
manipulations and so on. In my scenario, kangaroos remain wild, and this is a strong economic benefit
because there is no need for fences or their maintenance, or for drenching or many of the other costs
which drain the profitability of pastoral enterprises. Water sources would need to be maintained, but
would not need to be as close together as for sheep. The free-range nature of the stock will make it more
politically and philosophically acceptable to the community at large, and will probably be better for the
kangaroos. The low fat content of the meat is probably related to their mobility, and their mobility allows
them to take advantage of conditions where they are good and move out when they are not. This
movement away, perhaps to the neighbour’s place, is often seen as a drawback to what I am proposing,
and I have discussed above how quotas for a property could be set in order to minimize that concern.
Also, however, at lower grazing pressures after the removal of sheep, kangaroos will be much less likely
to need to move. Indeed, kangaroo growers may well instigate significant conservation-positive initiatives
such as rabbit control in order to provide an environment in which kangaroos will be encouraged to
remain.
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Future stocking rates; realistic values of DSE
One effect of the removal of sheep would be the availability of more forage for kangaroos. The traditional
view of this is that a kangaroo has a dry sheep equivalent (DSE) of 0.7. I have recently re-examined this
figure (Grigg 2002) and shown that if relative body size had been taken into account, which it obviously
should have been, the value would be 0.4. In the same paper, however, I raise the strong possibility that a
more realistic value may be in the range of 0.15-0.2. The reason is that the value of 0.7 is derived from
the resting metabolic rate of marsupials being approximately 70% that of placental mammals. It would be
more reasonable, however, to compare ‘field metabolic rates’, that is, the energy requirements of animals
not at rest but including all of their activity periods as well. Interestingly, marsupials in this size range
have FMRs much lower than placentals, and when this is taken into account a DSE of 0.15-0.2 results.
More work needs to be done to confirm this, but two totally independent studies using quite different
techniques came up with the same answer for comparisons of FMR in marsupials and placentals, so it
cannot be ignored.
The implications of this are quite striking. For one thing, it probably means that woolgrowers are chasing
a mirage in hoping for any significant improvement in wool production by reducing kangaroo numbers.
Kangaroos seem not to be the pest they are perceived to be. However, if we are talking about replacing
sheep with kangaroos, then the lower DSE suggests that we might expect kangaroo numbers to rise very
substantially unless harvesting pressure also increases substantially.
Put another way, it means that the kangaroo productivity of the semi-arid rangelands is much greater than
anyone has thought. At higher prices for kangaroo meat, and added to the continuing production of hides,
this means that the economic potential of the ‘new’ kangaroo industry is enormous.
Hard-footed versus soft-footed
Direct foraging is only part of the impact made by foraging herbivores on the pasture. They also make a
physical impact on the plants in the way they feed and the way they walk over the landscape, the ‘tooth
and foot pressure’ components of total grazing pressure. Currently, rangeland ecologists ignore it and
assume that there is no difference between sheep and kangaroos in the abrasion and compaction to which
the plants and soils are subjected as part of the foraging process. There is, for example, no consideration
allowed for this in calculations translating kangaroos to sheep equivalents.
However, Australians at large often express the belief that kangaroos are soft-footed and therefore do less
damage to the landscape than sheep. I have heard this time and time again, given as a good reason to eat
kangaroo meat, from people who live in the city and have no vested interest in the matter. However, as
Noble and Tongway (1986) noted, “supporting data for this folklore is deficient” and there appears to be
no solid data that helps in any discussion about whether sheep are harder on the land. In the past I have
asserted that they are (Grigg 1987), but have been reminded quickly about the lack of data. So I stopped
saying it, but not thinking about it.
There are some data, and more recently. Noble and Tongway (1986) tabulated data that showed that
sheep have a higher static foot pressure (1.9-2.6 kg/cm2) than kangaroos (0.8-1.8 kg/cm2). More recently,
Bennett (1999) investigated “foot areas, ground reaction forces and pressures beneath the feet” of a range
of 23 species of macropods and came to the conclusion that “the findings support the commonly held
belief that introduced grazing animals may cause greater mechanical disruption of the soil surface, leading
to increased rates of soil erosion, than Australia’s indigenous grazing fauna”.
However, a more comprehensive study is needed. If I had to make an assertion, which might be the
working hypothesis, I would say that, based on the data on foot pressures, on what can be seen from the
air, on what is known about the movements of kangaroos and sheep in paddocks, their use of water, and
the way sheep flock together and are restrained in paddocks, it would be that kangaroos do less damage
per head to soils and vegetation than do sheep, at similar, typical densities.
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Further, if kangaroos replaced sheep as the main source of property income, it is likely that there would be
less direct physical impact on the soil and the pasture, which would encourage land and biodiversity
rehabilitation.
MARKETING
As I see it, most of the legislative, regulatory and ecological work is already done. The major thing
standing between the situation we have now and the more ecologically and economically desirable
scenario that I describe is the comparatively low value of the product. I think kangaroo meat is a product
that has not yet found the place it deserves. And I do not see its place as a cheap meat exported to
masquerade as beef or lamb. I think its place finally will be the as a game meat, sold for high prices in
those countries where there is a strong culture of eating game, particularly in Europe. But there needs to
be a lot of good promotion done first. Luckily, I think there is a lot of good material to work on, mainly
because of the potential conservation benefits.
How to make kangaroo meat more valuable
Important background information relevant to a marketing campaign to put kangaroo meat on the world’s
game meat market includes the following considerations:
•

•
•

•
•
•

•

•
•

•

At present the main commercial value of kangaroos comes from their hides. Kangaroo leather is thin
but very strong and is ideal for shoes, including soccer boots and other sports shoes. A rapid increase
in the volume or price in this market is unlikely because manufacturers can turn to cheaper leathers
such as calf when shortages lead to price rises.
Australia has a monopoly on the commercialisation of kangaroo products.
The proportion of kangaroos shot for their skins alone is trending downwards, from more than half a
few years ago to less than 15% now (John Kelly, KIAA pers. comm.). Only Queensland has a legal
skin-only take, but this now equates to less than half the total annual harvest. Most of the kangaroo
meat harvested annually is used for pet food, but the proportion used for human consumption is rising
steadily, approximating 20% in 2000.
Marketing kangaroo meat is an exercise in selling a product which is already harvested but, because
its value is so far largely unrecognised, is mostly wasted or sold too cheaply.
Local and overseas demand for kangaroo meat for human consumption is rising slowly, as a result of
the activities of the KIAA and the broader and growing official and public acceptance of the principles
of sustainable use of wildlife for conservation.
At present, the value of kangaroo products is not high enough to ensure that the annual quotas are
fully taken, and prices cannot be expected to rise until the annual quotas are taken fully — that is,
when supply exceeds demand. However, an increased demand (for skins) in 1997 led to higher skin
prices and a near full take of the quotas in the eastern States.
A way forward from this Catch 22 situation would be to generate an increase in demand by expanding
the market for meat. Because of carefully set quotas, the supply is finite and demand would not have
to rise much for the quotas to be reached. It would be reasonable to expect a sharp price rise when
demand rises to a point where the quotas are restraining harvests on a regular basis; this would be a
classic vertical supply curve that was insensitive to increased demand.
A 15% annual quota implies the availability of about 60,000 tonnes of meat (Switala 1995), varying
from year to year as kangaroo populations fluctuate in response to rainfall and pasture availability.
Unlike most primary produce, the amount of kangaroo skins and meat that will be available in the
following year will be known at the end of the previous year when the quotas are set. This allows
primary producers and processors to enter into supply contracts well ahead. In 1997 we saw the
beginnings of this in South Australia, where tags were allocated to individual properties, with some
processors entering into contracts with landholders early in the year to ensure a supply later on.
In my opinion the logical way to expand the market would be to sell kangaroo meat as a specialty
product in those countries where there is a history of appreciating game meats, such as in parts of
Europe and in the USA plus, of course, as a restaurant meat in Australia where it has already made
significant penetration. I have never thought that local domestic sales would be more than a small part
of the market, like duck and venison. However, health benefits for cardiac fitness, its philosophical
432.

Anim. Prod. Aust. 2002 Vol. 24: 425-434

•

•

attraction as a free-range meat and freedom from BSE could mean that I am underestimating this
market potential.
It follows that in a future, high-value industry all harvesting would be at human consumption hygiene
standards instead of the dual harvesting systems we now have with some kangaroos being shot only
for pet food. Then, the best cuts from all animals could enter the human consumption food chain,
with less choice cuts going for pets and other applications, as in the current domestic meat industry.
The development of a smallgoods industry based on kangaroo meat is in its infancy, but the products
already available show the promise of great potential.

With all of this in mind, I list below some of the factors useful for a marketing campaign. It is worth
remembering that an advertising campaign for kangaroo meat is also a public education campaign,
because the concept of harvesting wildlife for a conservation gain is not widely understood or accepted
throughout the community. Getting that message across would be an important element of any advertising
message. Hence the following suggestions:
•
•
•

•

Publicise the problems Australia has with land degradation from overgrazing by sheep and the
benefits of a shift to a more kangaroo-based land use, instead of reducing kangaroos in order to
carry even more sheep.
Explain the concept of receiving a conservation gain from the commercial use of kangaroos, the
checks and balances in place to ensure sustainability of the populations, and that harvesting is
undertaken hygienically and humanely.
Point out that harvesting free-range kangaroos is philosophically akin to free-range eggs, poultry
or bacon. I am not advocating kangaroo “farming”, because neither restraint nor husbandry is
envisaged. Indeed, I think that wildlife authorities should specifically prohibit farming and all it
entails. Under what is proposed, a kangaroo remains as free-living wildlife in its natural habitat
until harvested.
Of the harvesting itself, explain that “the paddock slaughter of an animal unaware of danger” is
more humane than the way we treat our domestic livestock. I know of people who will not eat
pork, beef or lamb because of discomfort about the methods of husbandry and slaughter, but who
approve of eating kangaroo, and do so.

There are also many positives to do with the meat itself:
•
•
•
•
•

Taste. Similar to beef but sufficiently different to be interesting.
It is healthy in having low fat (1-2%) and low cholesterol (O’Dea 1988, Sinclair 1988) and is
sometimes recommended for cardiac patients taken off traditional red meat.
There are no insecticide residues in the meat as kangaroos are not drenched or dipped like domestic
stock.
No possibility of BSE. This might assist sales of the meat in Europe in particular.
It is a traditional Aboriginal food which has been a dietary mainstay throughout much of the continent
for millennia.

WHERE TO NOW?
In the mid-1980s I thought that kangaroo harvesting would soon become a major source of income for
landholders then relying on wool, and that with the switch to kangaroos would come conservation
benefits. I was wrong about the time frame. In the 1990s I accepted this, and became more realistic.
Now, in the 2000s, unless the goats win, I am still convinced about the value of the idea and optimistic
about its potential for achieving good conservation, social and economic outcomes in the long term. A lot
of things have changed in the area of wildlife conservation and management in the last 20 years, and most
of them are in directions which makes the implementation of “sheep replacement therapy for rangelands”
more likely. The proportion of kangaroos shot for human consumption is rising steadily, prices are higher,
people have a much better understanding now of the potential for harnessing economic imperatives in the
service of conservation and, when annual harvest quotas are taken fully, this will stimulate price rises
towards the point where landholders will look towards kangaroos as a resource instead of a pest. I still
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think that the impediments are not ecological, but economic, and that the whole scene will change
dramatically once the market potential is recognised.
The idea is being grasped and promoted by the Australian Museum, which is embarking on a project
linking the concept of sustainable use of wildlife for conservation gains to the more specific target of
enhancing biodiversity. This project will initially address kangaroos, embracing the concepts outlined
above, that have been through the long process of scientific and public debate. Specifically, the
Museum’s project aims to monitor changes in biodiversity in response to landholders shifting from sheep
to native wildlife. To dramatically represent this project, it has been dubbed FATE (Future of Australia’s
Total Ecosystems) to demonstrate that taking a new approach to conservation is essential, not optional.
Whether or not FATE is able to accelerate what I see as the natural progression now under way, in
advance of higher values for kangaroo products, remains to be seen. But the fact that scientists and
managers are embracing these concepts and seeking to promote them is a very healthy sign.
What can current land holders in the sheep rangelands do? I think the key will be in the pastoralist’s
organizations embracing these ideas and running with them, using their political clout and business
acumen and marketing skills. What is missing now, mainly, is a higher price for the product. In this
paper, I have tried to spell out in a very practical way the elements of what could be a very successful
marketing campaign. The other significant element necessary will be for governments to get behind the
idea and endorse it.
The times are changing. Land managers and rural communities are now taking the rehabilitation of land
much more seriously than their forebears, and are interested in pragmatic, ecologically sustainable and
locally compatible solutions. I think that the idea I have spelled out in this paper is one of them.
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OPTIMIZING THE ENVIRONMENT OF THE HOUSED ANIMAL
IRENILZA DE ALENCAR NÄÄS
State University of Campinas, Agric.Eng. College, P.O.Box 6011, Campinas SP- BRAZIL

SUMMARY
The increase in world's population associated to the lack of grazing areas for expansion of extensive
animal production leads to search for optimizing space and consequently to the adequate use of life
support systems. In the other hand, when increasing animal stoking densities or having animals housed
under hot weather conditions, heat load inside the houses may reach undesirable values affecting
production; while the emission of effluents and gases may drive sustainability into its limits. A main
question raised nowadays is related to the future of animal protein commerce due to the new demands of
consumers, including welfare of the animals. Animal housing must provide an interior environment that
meets the animal’s thermal comfort needs, which is an important factor in producing high quality animal
protein. This paper presents a review on environmental aspects of animal housing.
Keywords: environment, housed animals
INTRODUCTION
Animal production in Latin America, mainly in countries as Mexico, Brazil, Costa Rica and Peru, but also
in some developed countries, has moved quite rapidly to a consolidated structure of fewer, larger farms.
Driven by economies of scale arising from steady advances in technology, the trend shows no sign of
slowing. This new structural concept features an increased concentration of large-scale livestock and
specialty crop production in fewer, scattered pockets surrounding existing or emerging marketing and
processing centres.
This trend is most advanced in the broiler industry. Intensive broiler farming refers to the movement
toward more direct production and marketing relationships between producers and processing unit. Under
industrialization, processors attempt to assure a stable supply of a consistent product while exploiting the
economies of scale in new production and processing methods. As production shifts to bigger companies
and clusters around processing plants, the result is a further concentration of production.
Although consolidation and industrialization have been long-standing trends, the recent acceleration in the
growth and concentration of large farms presents significant challenges for natural resource management.
These changes also have important social consequences. New forms of organization and control also
present new opportunities and complexities for public agencies endeavoring to provide technical
assistance in natural resource management to large-scale agricultural operations. However what is actually
seen is that the initiative of private organizations to propose policies of natural resources protection and
linking the producer’s attitude to the farmer’s product for added value (Thomas et al. 1996).
At the same time there is an increasing demand for good quality food in the global economy and it is
proportional to the economic growth in the emerging countries, as referred by Thomas et al. (1996). The
consumer’s need and ecological conscience has changed for a more demanding taste mainly in the largest
world consumer markets such as the United States and Europe, as well as China (Holroyd 2000).
According to Holroyd (2000), the future of animal protein commerce depends mainly on an industry
reacting towards the following concepts: honesty, availability of information, traceability, assurance of
quality, and flexibility for change. For the retailer or fast food buyer, it is only possible to build up a
business when quality is assured and continually being improved, when the final design is correct, and the
product is always available in the right place at the right time. One of the important factors in producing
high-quality animal protein is the environmental characteristics of the building housing the animals. This
paper presents a review on environmental aspects of animal housing.
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ANIMAL PRODUCTION ORGANISATIONAL CONCEPT
This new shift in the structure of animal production (farming) is tightening the industry’s marketing links,
creating a more integrated industry from farm to the markets and the worldwide consumers. One of the
main characteristics in this emerging structure is a shift toward contract production and vertical
integration.
Consumer economies are also changing in the global market and there are several countries emerging and
as a result the people is these countries are adopting new diets. Poultry consumption is an example of this
in the Americas. The expansion of fast food restaurants increased the consumption of grounded beef and
processed poultry meat as well.
Larger producers are the most likely to benefit from contractual arrangements to produce specialised
products for food companies in the worldwide market chains. The industry’s new structure will link these
farms more closely to the growing market for value-added food products. In the other hand smaller
farmers may face a declining market for their generic production. At best, they may become residual
suppliers to the specialty product market (Barkema & Drabenstott 1996).
Nevertheless consumers are quite aware of the health problems that the ingestion of unsafe food may
bring to them and their families and associate these risks with animal housing and management, ingestion
of drugs and ultimately the process and conservation of the product throughout the market chain. Safety is
one of the most demanded quality in food products, and it is required mainly for assuring quality. It is
important to meet the consumer’s requirements for food safety, traceability, animal welfare and health
control, employee welfare and health and reduction of risk
The questions that remain unanswered in most developing countries are:
• How to reach safe and sustainable animal production and, at the same time, meet their thermal
comfort in an economical way?
• How to adapt trends and demands for improved human and animal welfare to on-going production
animal and worker's welfare concepts to on-going production?
THERMAL ENVIRONMENT
Most problems related to animals housed in tropical climates are caused by high environmental temperatures.
Building housing costs represent 50% of the initial investment in a livestock production facility. Structures
are necessary for efficient production, because they provide means of modifying the interior environment
and also protect against predators and against spread of disease. However, structures can generate thermal
problems for the herd or flock when they are not adequately designed. Animal housing must provide an
interior environment that meets the animal’s thermal comfort needs. The thermoneutral dry bulb
temperature for a wide range of small animals lies between 18°C and 20°C, and it extends between 12°C
and 18°C, for animals at slaughter age. When the upper critical temperature is reached, the latent heat lost
by evaporation is highly affected by relative humidity levels.
No matter the geographic location of business, the overall performance of the animal production depends
on the herd or flock management as well as the nutrition, sanity control and building facilities.
The upper critical temperature is influenced by the ventilation rate, the presence of cooling devices, and
the temperature of drinking water. The animal’s thermoregulation response to heat stress is to use extra
energy, leading to losses in productivity. Piglets are more sensitive to sudden weather changes up to 6-10 days
after birth, when their thermoneutral environmental temperature is 26°C. The pig’s thermoneutral
environmental temperature drops gradually depending on the stage of growth. For instance, between 18 and
15°C in the growing and finishing period, while gestating sows have their comfort zone at 24°C. Research
indicates that the best feed conversion is found at environmental temperatures ranging from 22 to 24°C for
swine weighing 30 to 65 kg, and 17°C, for swine above 65 kg. Environmental temperatures between 16°C
and 21°C, are adequate for animals housed in groups (Andriguetto et al. 1988).
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Optimum poultry production requires a housing environment that provides adequate temperature and
relative humidity. The combined effects of both variables are critical in determining the bird’s ability to
dissipate heat and avoid losses caused by heat stress. During the summer months in Southern Brazil for
instance, losses reach around 10% of the total production. Environmental control of poultry houses is
provided by using fans and evaporative coolers. The controllers used by producers are thermostats that
regulate equipment operation based environmental temperature.
The success in Brazilian poultry and swine production is linked to variables such as economic feasibility,
specialized labour force, productive and reproductive characteristics and adequate management,
(Cartaapinco 1999a). Each variable has its own importance and needs to be evaluated in an
interdisciplinary way. This labour intensive activity takes place mainly in the South and Southeastern
regions and is in the hands of European immigrant families. They are efficient in growing swine and
poultry associated to integration systems. With the grain production moving towards the West central
region, this kind of farming activity is destined to disappear soon.
The use of mechanized operations for animal production is mainly divided in three categories: industry of
animal feeding and processing; environmental and climatization and meat or dairy processing (Martins
1999). Within the intensive animal production systems the major gap in mechanization remains in the area
of climatization. In poultry production, for instance where nearly 60% of the operations are mechanized,
feeding and drinking systems are automated, as well as the process and distribution of diets. While for
swine production the level of mechanization is smaller, there are larger producers that use automatic
feeding and drinking. Depending on the size of the production, the level of mechanization varies from
literally nothing to highly mechanized farms.
Milk yield decreases during hot months as well as its quality, in around 8% worldwide. Investment in the
use of cooling devices and facilities are necessary to reduce losses. The same pattern is followed by egg
production, which decreases in the order of 3-4% due to high temperatures in hot season.
The breeding used for industrial herd and flock production is mostly imported and hardly adapted to
tropical climate conditions. Due to a long hot season, industrial animal production in Brazil is quite
dependent on the use of climatization equipment in order to improve the animal’s performance. Figure 1
shows the increase in milk yield and fat content when Holstein cows in semi confinement were exposed to
cooling devices (Arcaro et al. 2000).
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Figure1. Increase in milk yield and quality by the use of cooling equipment. Adapted from Arcaro et al.
(2000).

Another weak point in the production, where the losses are high especially in the broiler industry is the
waiting zone at the slaughter houses. Studies have shown that the use of cooling equipment such as fans,
associated with a fogging system in the area where the loaded trucks wait with the caged birds, reduces the
437.

Anim. Prod. Aust. 2002 Vol. 24: 435-441

heat stress and consequently bird mortalities (Nääs et al.1998). The change in environmental conditions
produced by the use of cooling equipment is illustrated in Figure 2.
In boar housing the use of fans was tested in a farm under tropical conditions and the results showed that
the increase in wind speed near the animals influenced semen production three months after the exposure
to heat stress, even though it did not influence the housing dry bulb temperature or relative humidity
(reflected in the WBGT index), as shown in Figure 3 (Espelho 2001). It was concluded that the use of fans
in boar housing improved semen production under tropical environment.
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Figure 2. Environmental response in poultry slaughter house waiting zone when using cooling devices
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Figure 3. Dose of semen production as function of WBGT, from December to May

As an example, Brazilian dairy and meat industry is based upon three different segments: cooperatives,
integration and independent producers. The type of integration that has occurred in dairy and poultry
farming in Brazil is one where the producer is interactive with the industry demand. It involves two
stages: the first sector manages reproduction and the production of young birds or animals and the second
sector is responsible for growing animals to slaughter. The use of mechanized processes happens more
clearly at the reproduction farms where more resources are invested.
The evolution of mechanization of animal production operation, such as feeding, handling and
environmental control is shown in Figure 4. It is clear that broiler production is the most mechanized
activity while swine and dairy production still have room to apply some mechanized operations, especially
in changing the housing environment.
Even though in some cases the thermal comfort is reached by the intensive use of equipment and
climatization devices, in most cases, it is still a matter of concepts and an adequate transfer of technology.
A clear example of this was the adaptation of the tunnel ventilation concept for Brazilian poultry
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production. Studying the tunnel ventilation systems, with the increased stocking density (10 to 18
birds/m2), under Brazilian conditions, Aradas et al. (2000) found that the use of the association of negative
and positive pressure (auxiliary fan lines) inside the housing (G2) could lead to the improvement of the
broiler thermal sensation, although dry temperature and relative humidity were slightly higher than in the
tunnel ventilation that used only negative pressure (G1). Productive results are shown in Table 1.
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Figure 4. Use of mechanization in the process of animal production. Adapted from Cartaapinco (1999b) and
Martins 1999).

Table 1. Results during summer for both treatments. Adapted from Aradas et al. (2000).
Accumulated mortality in G1
Accumulated gain in G1
Accumulated mortality in G2
Accumulated gain in G2

Day 21

Day 28

Day 35

0.76

1.20

1.66

3%
2.7 %
0.74

1.22

1.68

AERIAL ENVIRONMENT
Within today's principles of modern animal production, the limits are related towards both welfare and
emissions. Hyslop (1974), Sainsbury (1981), and Curtis (1983) among others have found a strong
correlation between change in air quality and the health of broilers raised in intensive housing. High
environmental temperature associated to high relative humidity, presence of high ammonia concentration,
dust and poor ventilation contribute to high pathogenic diseases (Castro, 1999). Same results are found for
dairy cows and swine in various stages of growth.
Several authors have found that some species of fungus are associated to respiratory diseases in both man
and animal (Andrade et al. 1966; Olenchock et al. 1983; Rylander 1986), especially in countries where the
intensity and length of winter leads to animals being kept in houses with minimum ventilation so the heat
is preserved (Lovett et al. 1971, Reece et al. 1972, Thiso et al. 1978, Sauter et al. 1981). Richard (1982)
found that reducing the dust inside the housing decreases significantly the possibility of disease incidence
for both animal and worker (Banhazi and Cargill, 1998; Banhazi and Cargill, 1999).
Miragliotta et al. (2000) compared the aerial environment in an adapted tunnel ventilation system for
broiler with a high stocking density with open sided buildings oriented east-west. They found that the
average ammonia emission rate on the 40th day of production in the adapted tunnel (TVS) was higher than
the Conventional Ventilation System (CVS), and in both systems it increased during the trial and was
higher in the Eastern side in the TVS and in the Western side in the CVS (Figure 5).
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Figure 5. Ammonia emission rate in two ventilation systems

Some factors such as deep-litter pH and temperature influenced ammonia emission rate. In TVS, on
the 40th day, pH and temperatures average values presented accumulated pattern. It was observed
that pH became alkaline during the trial (6.17 to 8.88) and the temperature data oscillated between
27° and 31°C (Figure 6). In CVS, deep-litter pH and humidity were higher in the Eastern side but
its temperature was higher in the central area, presenting differences of 1 to 2°C when compared to
other sectors.
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Figure 6. Average deep-litter pH and superficial temperature in tunnel ventilation system (TVS)

The measurement of air quality as well as the concepts that are related to air quality (such as
pollution limits, effluent definition, and contamination criteria) vary substantially from one country
to another. On the other hand, these concepts are influenced by the overall climate, as well as the
management system used, the design of the building and the materials used and the diet. Time of
confinement associated to type of animal, genetics, climate and the degree of mechanization in the
process can determine the make-up of the effluent and the pollution that will arise as a result of it.
CONCLUSIONS
There is an urgent need to find a balanced solution that provides necessary welfare to housed animal
without reducing profit. It seems possible to achieve good economical outcome by reducing the
environmental heat load inside the houses by using simple techniques, such as appropriate use of
fans and fogging. Optimizing the environment of the housed animal is a matter of balancing the
thermodynamic principles achieving profit by using adequate equipment and management meeting
welfare regulations and, as a main goal, meeting the consumer's needs.
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MATHMATICAL MODELS AND DECISION SUPPORT TOOLS FOR TECHNOLOGY
TRANSFER TO THE LIVESTOCK INDUSTRIES – A SYMPOSIUM
B.N. NAGORCKA
CSIRO Livestock Industries, PO Box 1600, Canberra, ACT 2601

INTRODUCTION
Feeding systems (i.e., specification of feed requirements) for livestock were introduced some decades
ago. Since their inception there have been ongoing efforts to improve their accuracy, increase their
“ease of use” and extend their flexibility so that they can be applied with greater effect to a wider
range of management questions. Attempts to increase the accuracy and flexibility of feeding systems
have frequently led to an increase in their complexity. Initially this caused a dilemma since more
complexity was considered to be at the expense of “ease of use”, and in the days when there were no
personal computers and few, if any, personal calculators, this was true. The availability of cheap,
powerful desktop and laptop computers has removed this barrier to improving feeding systems. In fact,
the “ease of use” of feeding systems, now in the form of Decision Support Tools based on
mathematical models, has been greatly improved. In the twenty years or so since personal computers
first became available researchers have been able to increase the comprehensiveness of the feeding
systems and to extend their application from intensive feeding enterprises to grazing enterprises, and
to address many complex management questions. This is illustrated by several Decision Support
Tools, namely AUSPIG, GrazFeed and GrassGro, described in this paper. AUSPIG and GrazFeed,
have now been successfully adopted by many managers of livestock enterprises. This appears to be a
direct result of the fact that these tools are now easier to use than earlier versions of feeding systems,
and because they are more comprehensive offering options that assist in achieving greater returns on
investments. GrassGro is aimed at addressing a wide range of management questions that arise in
grazing enterprises. In grazing enterprises, many of the questions that arise are strategic rather than
tactical in nature placing greater demands on the models required. Although these Decision Support
Tools are proving to be very successful, inevitably they do not address all the demands made on them
and improvements and upgrades are still required. Therefore potential for improving the animal
models on which these Decisions Support Tools are based is also discussed in this paper.

EXPERIENCES IN THE SUCCESSFUL ADOPTION OF AUSPIG BY INDUSTRY
J.L. BLACK
John L Black Consulting, Locked Bag 21, Warrimoo, NSW 2774

THE AUSPIG DECISION SUPPORT SYSTEM
AUSPIG is a Decision Support Software system developed for the pig industry. It predicts the growth
of individual pigs from birth to maturity and the profitability of a whole enterprise. AUSPIG has four
major components. The central module is based on the underlying physiological and biochemical
mechanisms determining nutrient utilisation and simulates feed intake, digestion and absorption of
individual nutrients and the partition of absorbed nutrients between various body functions to predict
growth and body composition. The reproductive performance of breeding female pigs is predicted in
relation to the genetic potential of the animal, its body tissue reserves and nutrient intake. The number
of piglets born, birth weight, milk yield and piglet growth rate are predicted. The model accounts for
the effects of social interactions between animals, climate and disease, and predicts the requirements
for individual amino acids, energy and major minerals in relation to the genotype of the pig, its weight
and reproductive state. The model is deterministic and predicts the performance of one pig, which
represents the mean of the group being simulated. Stochastic variation is applied only to variables,
which determine the price paid for the animal including carcass weight and back-fat thickness.
The second component of AUSPIG is a least-cost feed formulation package and feed ingredient
database. The interface between the animal module and the feed formulation module allows the most
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economical diet to be formulated for a pig of any age or weight reared in any environment. The third
module is a whole enterprise linear program which accepts outputs from the animal module and
optimises the use of all resources, including growing animals, feed, space and reproductive stock, to
maximise enterprise profitability. This module is particularly important for identifying the optimum
weight and the buyer for purchasing each group of pigs and for determining the effect on enterprise
profitability of changing any management strategy. The final module is an Expert System that assists
the user of the program identify the management changes that will lead to the greatest increases in
biological efficiency and enterprise profitability.
DEVELOPMENT AND COMMERCIALISATION OF AUSPIG
The pig growth and production model at the core of the AUSPIG system was initiated in response to a
request from the Pig Sub-committee of the Animal Production Committee on direction from the
Standing Committee on Agriculture to implement uniform feeding standards for livestock across
Australia (Robards and Radcliff 1987). The model was to embrace all major nutritional, physiological
and environmental factors, which influence the growth and body composition of pigs. It was
developed in 1985 during a time of rapid change in the genetic background of Australian pigs when
the relationships between the intakes of energy and amino acids, and body protein and fat gains, and
consequently, nutrient requirements were changing rapidly. The Sub-committee recognised that
Tables of requirements were too inflexible to allow for these changes and that a simulation model
based on the underlying mechanisms of growth was the only realistic method of assessing the nutrient
requirements of pigs with rapidly changing genetic backgrounds and exposed to different
environments. The last set of tables produced in Australia for the nutrient requirements of pigs was
generated from the model (Robards and Radcliff 1987). Since then, the AUSPIG system has become
Australia’s primary method for determining the nutrient requirements of pigs. The model was
expanded during 1986 to 1988 to include the other AUSPIG modules, which allow the direct
formulation of diets for pigs raised in specific conditions, enable evaluation of the economic
consequences of changes in management strategies on enterprise profitability and to make it readily
useable by industry professionals.
AUSPIG was released commercially in 1989 and is now used in the management of more than half of
Australia’s pigs (Quint and Treacy, 1997). AUSPIG was also licensed in 1989 for a multi-million
dollar sum to a major international feed manufacturing and pig rearing company and the licence has
been maintained until the present day. There are numerous examples of the way AUSPIG has
improved the profitability of individual enterprises and changed common management practices in
several countries of the world (Black et al. 1987, Black and Barron 1988, Black and Chapple 1991,
Bradley 1994, Brewster 1995, de Lange and Schreurs 1995, Edwards 1997, Smits 1997, Black 1998,
Willis 1998, McErlane 2001, Willis 2001a, Willis 2001b). In addition, AUSPIG has been used
extensively to determine the directions of research within the pig industry (Cutler and Gardner 1988,
Black et al. 1994).
EXAMPLES OF THE APPLICATION OF AUSPIG
Optimisation of biological efficiency and profitability
A common application of AUSPIG has been identification of the factors limiting biological efficiency
for growth and evaluating the effects of changes in management procedures that are likely to improve
profitability (Black and Barron 1988, de Lange and Schreurs 1995, McErlane 2001, Willis 2001a,b).
The first step in the process is to obtain accurate information from the farm including a description of
the genotype and sex of animals, the ingredients of the diets fed, the feeding strategies, the climatic
environment and the stocking and housing arrangements for each class of pigs. An indication of the
prevalence of disease in each class of animals also is required. Actual pig performance information is
recorded, including the growth rate of individual pig classes, feed disappearance, slaughter weights
and back-fat thickness at slaughter. The information collected is incorporated into a data set within
AUSPIG and used to describe the conditions for simulating pig performance on the farm. The
predicted growth rate, body fat content as indicated by P2 back-fat thickness and ratio of feed
disappearance to live weight gain (feed:gain) is then compared with the values obtained from the farm.
It is essential that the observed and predicted values for animal performance correspond before the
model can be used effectively to identify biological inefficiencies and recommend changes in
management practices to improve profitability. The Expert System is used to help identify possible
errors in data input.
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Once piggery performance has been simulated accurately, the Expert System is then used to identify
factors limiting biological efficiency. These factors are considered in a specific order so that changes
are recommended first for feed intake and diet composition before those for climatic conditions or
stocking arrangements. The order of consideration is important because any alteration in either feed
intake or diet composition will change the heat produced by the pig and will therefore alter the
ambient temperatures coincident with the thermoneutral zone when the pig is neither hot nor cold.
Stocking arrangements are considered last because feed intake, diet composition and climatic
conditions all affect growth rate which will impact on the time that pigs within a pen may be either
under- or over-stocked. The model identifies the factor limiting feed intake when the pigs are fed ad
libitum and determines the extent to which individual essential amino acids and available nitrogen are
either deficient or in excess of requirement. If the pigs are cold, the additional amount of radiant heat
required to bring them into the thermoneutral zone is predicted and if they are hot the advantages of
spray cooling are assessed.
The Expert System recommends changes in marketing and management strategies that will improve
profitability of the enterprise and biological efficiency for each class of pig. It identifies the optimum
sale weight from the price grids of up to three processors and may recommend changes in either sale
weight or processor to improve profit. Frequently, in Australia, a substantial increase in profit results
simply from a change in sale weight and/or market outlet.
The earliest example of an AUSPIG application was for a 275 sow enterprise in the Darling Downs in
Queensland (Black and Barron 1988). The growth rate of the pigs from birth to slaughter was only
around 460 g/d, whereas a growth rate of over 600 g/d should have been expected. The AUSPIG
simulation suggested that several factors were limiting pig growth rate and enterprise profitability. All
three diets offered to the pigs were predicted to be limiting in the supply of several amino acids,
particularly threonine and lysine, which resulted in a reduction in growth rate and production of overfat pig carcases. In addition, the pigs were predicted to be hot during the summer months and feed
intake was severely restricted over this period. The diets were reformulated to contain adequate amino
acids and spray cooling was introduced. The pigs then grew faster at a rate of approximately 580 g/d,
but because of their faster growth rate they were then overstocked, which limited feed intake.
Although an increase in area/pig was predicted to increase growth rate to 608 g/d, the reduction in
total throughput of pigs as a consequence of the extra space needed for each pig was predicted to
reduce overall enterprise profitability. Application of the whole enterprise profitability module
suggested that the observed herd feed conversion ratio (kg feed/kg carcase) of 4.4 could not be
achieved unless feed wastage was 15-20%. As a result of these predictions the producer and his staff
discovered that one group of 400 pigs was receiving 30% more feed than they could possibly
consume. The feeding regime was changed from twice to four times daily with a visible reduction in
feed wastage. Introduction of the changes suggested from the AUSPIG simulations were predicted to
result in a four-fold increase in enterprise profitability.
Other examples of the application of AUSPIG to individual herds have recorded increases in
profitability of 7-10% simply by formulating diets to fit closely the change in amino acid requirements
as the pigs grow (Brewster 1995, de Lange and Schreurs 1995, McErlane 2001). A recent evaluation
of a large production unit by Willis (2001b) showed that performance of the pigs was limited by cold
conditions and inadequate amino acid supply in the early phases of growth and by amino acid excess
and over-stocking during the finisher phase. de Lange and Schreurs (1995) showed also that the
traditional method of restricting feed intake on Dutch farms to limit fat deposition was not optimal and
that by increasing intake in the young pig and reducing it more severely in the finisher pig,
profitability could be increased by over 30%. This application of AUSPIG has changed the traditional
feeding strategies used in The Netherlands.
Optimal use of dietary protein and free amino acids to reduce nitrogen loss in effluent
The disposal of effluent from intensive livestock enterprises is becoming a major concern for
environmental monitoring agencies. Piggeries in many countries are either now or are soon likely to
be licensed for maximum rates of nitrogen and phosphorus release. AUSPIG has been used to
determine the consequences of reducing the protein content of the diet and improving the balance of
amino acids within the protein on pig performance, profitability and nitrogen output in effluent (Pluske
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et al. 1997). The predicted effects on total nitrogen excretion in urine and faeces of limiting total
available nitrogen content of the diet to 120% of requirement for pigs growing from 50 to 100 kg and
formulating the new diet every 10 kg is shown in Table 1. The strategy was predicted to reduce
nitrogen output by 66% compared with the conventional diet with only a small decline in profitability
due to the need to include several expensive free amino acids in the diet. Nevertheless, the overall
profitability of the piggery may increase depending on the costs associated with effluent disposal.
Table 1. Predicted N excretion and profitability for pigs grown from 50-100 kg live weight when offered a
range of diets differing in protein and amino acid balance. From Pluske et al. (1997).
Phase-1a

Standard

Dietary protein %
Diet 1
21.8
15.3
Diet 2
15.0
Diet 3
14.5
Diet 4
13.5
Diet 5
11.8
Feed cost ($/pig)
35.23
37.91
Change in profit ($/pig)
0
-2.70
Total N intake (g/d)
73.7
45.2
Total N excretion (g/d)
51.4
22.8
44
N excretion as % of standard
100
a
Phase-1 diets were formulated with a maximum limit on total available N set at 120% of requirement and new diets
formulated and fed to pigs for every 10 kg live weight.

Effect of the digestible energy content of cereal grain on piggery profitability
The digestible energy content of cereal grains grown in Australia can vary by as much 3 MJ/kg for the
same species depending on the cultivar and growing conditions (van Barneveld 1999). Kopinski
(1997) has used AUSPIG to assess the consequences of a difference in digestible energy content of
wheat grain of only 0.7 MJ/kg on the profitability of a 200 sow herd in Queensland. Table 2 shows
the predicted effect on piggery profit of this 5% reduction in the digestible energy content of wheat
assuming the diet was formulated without knowledge of the reduction. Such a situation would
commonly occur in practice because of the lack of reliable and rapid methods for estimating the
digestible energy value of grains for pigs. The lower digestible energy content of the cereal grain in
the diets was predicted to result in no change in the growth performance of the pigs from birth to
slaughter but a significant increase in the amount of feed eaten. Over the whole growth period an
extra 70 g more feed was predicted to be used for every 1 kg of live weight gain. The increase in feed
eaten resulted in a reduction in profit of $1.95/pig sold and this translated to a lowering of over $7,500
in the annual profit of the piggery.

Table 2. A comparison of pig performance and financial returns when the actual digestible energy (DE)
content of wheat is either equal to or 5% less than the value used to formulate the diets for the piggery.
(From Kopinski 1997).
Variable

Actual DE equals
formulated DE
3.42
3.42
190
555
2.62
9.66
187
37,386

Assumed DE of wheat at formulation (Mcal/kg)
Actual DE of wheat (Mcal/kg)
Wheat cost ($/tonne)
Live weight gain from birth (g/d)
Feed:gain from birth
Profit ($/pig)
Profit ($/sow/y)
Profit for 200 sow piggery ($/y)

Actual DE is 5% less than
formulated DE
3.42
3.25
190
555
2.69
7.71
149
29,818

Cost of feed wastage
Results from Hudson (1998) show that feed wastage can range from 2.5 to 40% of the feed offered to
pigs depending on the physical form of the feed and the type and adjustment of the feeder. AUSPIG
was used to assess the effect of feed wastage on the profitability of the 200 sow reference herd (Table
3). Feed waste was altered only in the grower herd and was assumed to be unaltered for breeding
sows and boars. Feed wastage was changed from 0 to 15% of feed intake, but actual feed intake and
performance were assumed to be unaffected by feed wastage.
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Table 3. Predicted effect of feed wastage on profitability of a 200 sow piggery.
Feed Waste (%)
0
4
8
12
15

Feed Costs ($/y)
348,373
358,427
368,672
378,867
386,409

Profit ($/y)
204,022
193,827
183,724
173,529
165,987

Total feed (t/y)
1,109.5
1,141.3
1,172.9
1,204.7
1,228.3

Feed/sow/year (t)
5.545
5.705
5.865
6.024
6.142

The annual income and non-feed costs were unaffected by feed wastage and predicted to be $789,161
and $236,765, respectively. Profitability of the 200 sow reference piggery was shown to increase by
$2,548 for every 1% decline in feed wastage. This represents $12.70/sow/year for each 1% of feed
intake wasted. Commonly, values for feed waste of between 10 and 15% are required in AUSPIG to
predict observed herd feed conversion ratios when simulating Australian piggeries. However, in one
recent example, feed wastage of almost 40% was required to simulate accurately feed usage by the
whole herd. In the above example, such a feed waste would cost the reference piggery over
$100,000/year and reduce profit to 33% of the value if feed waste was controlled to only 4% of feed
intake.
Carcass price needed when pigs are sold at sub-optimal weights
As another example of the way AUSPIG can help improve profitability of farms, it was used to
determine the price that would be needed by a producer if the processor requests pigs at lighter
weights than is optimal under the current selling system. The example used a standard buyers price
matrix in which the price/kg carcase varies with carcass weight and back-fat thickness. For the
particular example, profit was maximised when 10% of pigs were sold at a carcase weight of 70kg,
75% at 75kg and 15% at 80kg. The predicted effect on price required per kg carcase, if profit was to
remain unchanged, of selling all carcases at either 50 or 60kg was determined under two
circumstances; (i) assuming that the number of sows could not be increased or (ii) assuming that total
floor space was limiting but could be redistributed between different stock classes (Table 4).
Table 4. Predicted effect of selling pigs at sub-optimal weights on annual profit relative to optimal selling
weights and on the price needed/kg carcass to restore profit.
Simulation

Normal optimal selling
50 kg carcasses
Sows limited
Floor space limited
60 kg carcasses
Sows limited
Floor space limited

Relative
number of
sows

Relative
profit

Relative
number of
pigs sold

Relative
loss (%
profit)

Loss ($/pig
sold)

100

100

100

-

-

Price
increase
needed to
restore
profit ($/kg
carcase)
-

100
131

32
53

101
132

68
47

35.69
18.14

0.71
0.36

100
116

64
81

100
116

36
19

18.80
8.82

0.31
0.15

The simulation shows that the price would have to be increased above the current price schedule by
between 0.15 and 0.71 $/kg carcass if the profit from the piggery were to be maintained. Such
information is essential for both processors and producers if acceptable price matrices are to be
negotiated.
Identifying specific amino acid deficiencies
Although most commercial feed formulation packages have the scope to include many hundred
nutrients, feed formulators often consider a relatively small number, particularly when many diets are
being optimised concurrently. However, there are dangers in this practice. Table 5 gives an example
where only 5 amino acids (lysine, methionine, methionine + cystine, threonine and isoleucine) were
considered during formulation of a diet for pigs growing from 42 to 63 days of age. The conditions of
the trial also were used as inputs to the AUSPIG model. Predicted growth rate and feed intake
compared closely with the observations. The AUSPIG model predicted that valine and leucine were
limiting the performance of the pigs. Further simulations were conducted where free valine and
leucine were added to the diet and growth rate of the pigs was predicted to increase by 16%. A
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subsequent experiment has confirmed that, when the diet formulated to meet the requirements of only
5 amino acids was supplemented with increasing amounts of valine, growth rate and the efficiency of
feed use increased up to valine intakes coincident with the requirement predicted by AUSPIG.
Table 5. Observed growth rate and feed intake of pigs offered a formulated diet to meet the requirements
of only 5 amino acids (lysine, methionine, methionine + cystine, threonine and isoleucine) from 42 to 63
days of age compared with predictions from the AUSPIG model.
Observations
Formulated diet
Growth rate (g/day)
Feed intake (g/day)

650
949

AUSPIG Predictions
Formulated diet
Diet + Val &
Leu
638
741
952
955
% Requirement at day 63 of
age
Valine
Leucine
87.5
89.9

Other applications of AUSPIG
There are a large number of other applications for which AUSPIG has been used include:
• Designing new piggeries to meet growth rate and production targets
• Assessing the economic value of new products such as Reporcin and Improvac that alter growth
and body composition
• Assessing the cost or advantage of skipping an oestrous cycle when mating sows
• Assessing the benefits of reducing embryo mortality or pre-weaning mortality on piggery
profitability
• Assessing the cost of introducing Transmissible Gastro-Enteritis into Australia
• Assessing the costs of the introduction of a range of diseases into piggeries
• Identification of new selection strategies for pigs
• Litigation cases involving diets and management recommendations
This list is not exhaustive and many “what if” questions are amenable to analysis using AUSPIG.
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GRAZFEED - A DS TOOL FOR MANAGING THE NUTRITION OF GRAZING ANIMALS
J.R. DONNELLY, M. FREER and A.D. MOORE
CSIRO Plant Industry, GPO Box 1600, Canberra, ACT 2601

OUTLINE OF GRAZFEED
GrazFeed is a decision support tool (DS tool) that is in widespread use by farmers and farm advisers to
increase profits from sheep and cattle livestock enterprises through efficient use of pasture and feed
supplements. The user estimates the amount and quality of green and dead herbage available for
grazing, including the proportion of legume if it is present. The mature size and physiological status of
the animals grazing the pasture are also entered. GrazFeed then predicts their intake of pasture, making
allowance for selective grazing and the substitution of pasture by any supplements fed. It estimates the
production of meat, wool and milk and provides details of the nutrient balance of the animals. If the
predicted production is below the user’s target, the program will estimate the weight of a supplement
required to achieve this level.
OUTLINE OF ANIMAL MODEL
The animal model used in GrazFeed is based on equations (Freer et al. 1997) of biological processes
that, in many cases, are common to sheep and cattle. Specific coefficients derived from feeding
standards (SCA 1990) are used to differentiate common breed types at all stages of their growth and
reproduction cycles. Scaling feed intake, body composition, wool growth and milk production to the
mature size of the particular type of animal being simulated, rather than to its current weight, is a key
component of the generality of the model. The model predicts the intake of metabolizable energy and
protein from the pasture and supplements described by the user and these intakes are partitioned
between maintenance and the competing components of animal production.
This approach has proved to be sufficiently realistic and simple for routine use in advisory work (see
Stuth et al. 1999) and particularly to set production benchmarks in the national PROGRAZE extension
project (Bell and Allan 2000). However, if the purpose is to tailor feed composition to achieve a
specific carcase conformation such as that required by feedlot operators, more explicit simulation of
the processes involved in animal tissue metabolism will be required, as described later in this contract
by Nagorcka.
RELEASE STRATEGY
GrazFeed was first released for commercial use in 1990 and subsequently more than 1200 licences for
its use have been issued. At that time, it reflected the current understanding of ruminant nutrition, as
expressed in the feeding standards, but constrained by the type of information that typical users on
farms could reasonably supply. The generic basis of the tool made it immediately applicable to a very
wide range of issues relating to practical issues in ruminant nutrition, but it also meant that it was not
feasible to test in any comprehensive way the plausibility of all the specific outcomes that might be
predicted by the model. The initial release was with the expectation, therefore, that users would report
suspected deficiencies and that this feedback, together with more recent experimental information,
would be the basis for future enhancements of the tool. GrazFeed has subsequently undergone
numerous upgrades as part of this deliberate policy.
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USING GRAZFEED
GrazFeed provides an easy way for livestock producers to use the recommended feeding standards,
without direct involvement in the complex and time-consuming calculations needed to predict pasture
intake and relate nutrient requirements to feed supply. However, the predictions depend on accurate
key information about the pasture and the animals from the user. Although these requirements are kept
as simple as possible, they represent a hurdle to the untrained user.
The user describes the pasture by the weight (tonnes DM/ha) and dry matter digestibility of the green
and dead herbage separately and by the proportion of legume in the pasture. From this information, the
program develops a profile of the pasture’s distribution between six digestibility pools, and of the
crude protein content and the mean height of the green and dead herbage. All of these values, which
affect the functions for predicting selective grazing and the proportion of the animal’s potential intake
that can be satisfied by the pasture, can be adjusted by the user, if necessary.
The ability of users to make a quantitative assessment of a particular pasture has been widely extended
by the PROGRAZE training courses (Bell and Allan 2000). This ability must be reinforced by regular
calibration of weight and digestibility estimates made either by visual estimation or by electronic
probe. Moreover, the calibration of herbage weight must use the standard cutting technique for which
the model’s functions were scaled.
The key animal input is the weight (shorn) of a mature non-pregnant female in average condition, i.e. a
condition score in the middle of the range. From this, the program estimates the mature weights of
castrate and entire males of the same genotype. Many of the functions in the program depend on the
mature weight, the proportion of this weight that the immature animal has so far reached, or on the
animal’s current weight as a proportion of mature weight, i.e. relative condition.
The user also specifies the supplement mix that is being used, or is to be tested. The program is then
set to run, either with a number of levels of the supplement or to predict the weight of the supplement
that would be needed to achieve a specified weight gain, milk yield or weight gain of suckled young.
These simple predictions can be expanded through plotting routines that illustrate the effects of
interacting variables, e.g. the quality of the supplement or the amount or quality of green herbage, on
the predicted outcomes.
The basic tabulation of the output is accompanied by a set of comments that are tailored to the
particular run and are designed to direct the user to the main constraint to animal production, e.g. low
availability or quality of pasture, shortage of either degraded or undegraded protein.
GRAZFEED APPLICATION
In the example shown in Table 1, Merino ewe weaners graze abundant but dead summer pasture with
a low concentration of crude protein. In the absence of a supplement, intake of herbage was restricted
by a deficiency of rumen degradable protein and liveweight loss was severe. Supplementation with
oats alone (10% crude protein) does little to rectify the protein deficiency; herbage intake is further
depressed and the effect on weight change was only moderate. On the other hand, as little as 100g of a
60:40 mixture of oats and lupins (18.5% crude protein) corrects the protein deficiency, maintains the
intake of herbage and brings the weaners close to the point of weight maintenance. If a target weight
gain of 50 g/d is set, then the program predicts that 380 g of the mixture would be required. To achieve
the same target with oats alone would require 520 g, an amount that would be quite likely to lead to
feeding problems in animals of this size. Larger gains, of the order required for finishing weaners as
prime lambs, would be impossible to achieve with this supplement. These predictions are very similar
to the experimental results of Freer et al. (1985).
ADOPTION OF GRAZFEED
The concurrent development of the Australian feeding standards and the animal model used in
GrazFeed had a significant impact on gaining acceptance of the tool as a useful approach to managing
the nutrition of grazing animals. This and the signing of a formal agreement between CSIRO Plant
Industry and NSW Agriculture for the development of the GRAZPLAN software packages (Donnelly
et al. 1997) by CSIRO and their use in the livestock advisory service, underpinned their broad
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acceptance within NSW Agriculture. Such agreement was not sought with extension organizations in
other States and a similar level of acceptance has been slower to achieve.
Table 1. Predicted response by 6 month, 22 kg ewe weaners of medium Merino type, grazing abundant
dead pasture (2 t/ha DM, DM digestibility 44%, CP 3% of DM), to supplementation with either oats alone
(CP 10% of DM) or a 60:40 mixture of oats and lupins (CP 32% of DM).
Oats alone

Oats and lupins (60:40)

Supplement
intake
(g)

Pasture
intake
(g DM)

CP in
diet
(%)

Weight
gain
(g/d)

Pasture
intake
(g DM)

CP in
diet
(%)

Weight
gain
(g/d)

0

420

6

-81

100

400

6

-31

480

8

-11

200

360

400

280

7

-1

500

9

15

8

30

470

11

54

Nevertheless, the link with the feeding standards has been vital in the longer run. It means that
disagreements with the predictions can be separated into issues that are the direct province of the
feeding standards and those that are to do with estimating intake. Although the latter are mostly issues
that can be solved by reaching agreement with users on standard procedures for assessing pastures and
animals, even such simple standardization remains an obstacle to the consistent interpretation of
information generated by GrazFeed.
A major advance in developing these assessment skills has been achieved by the PROGRAZE Project
(Bell and Allan 2000) which has already trained several thousand graziers in southern Australia.
Before 1994, sales of GrazFeed to graziers were less than 15% of the total sales; since PROGRAZE
started, this figure has jumped to more than 50%.
IMPROVEMENTS NEEDED IN THE ANIMAL MODEL
The current feeding standards recognize that there are several areas of ruminant nutrition that are still
too poorly understood to quantify adequately the relationships between feed composition and grazing
animal productivity. Worthwhile improvements to the animal model will come, in particular, from
better data for the prediction of intake from different pasture species, substitution rates for
supplements, synchronization of nutrient supply to the rumen microbes and the partition of nutrients in
animals with low levels of intake relative to their needs. There are also many aspects of product
quality, e.g. staple strength of wool, meat quality, milk composition, where the understanding of the
mechanisms is still at the experimental stage.
FUTURE EXTENSIONS
The initial releases of GrazFeed were suitable for most of the breeds of sheep and beef cattle used in
Australian grazing enterprises. The adequacy of GrazFeed for high-yielding dairy cows under
intensive grazing has recently been tested with experimental data from Kyabram Dairy Centre.
Modifications to the program have improved the predictions, particularly for the cows’ responses to
variable herbage allowances at different levels of supplementation.
The next release of GrazFeed is expected to include a least-cost ration formulator to enable graziers to
select the most efficient supplement mix from a menu of feeds likely to be available to them. The
development of this facility is more complicated than for stall-fed animals because of the change in
substitution rate that occurs with each change in supplement combination.
GrazFeed is a static model designed to help with tactical problems and provides merely a snapshot of
the production possible on any one day, given the current condition of the animals, the availability and
quality of feed on offer and the supplements that may also be provided. The predictions are limited
where the product depends on the animal’s earlier nutritional history, e.g. milk production, or where
there is a lag between current nutrition and the measured product, e.g. wool growth and fibre diameter.
Overcoming these problems requires the dynamic modelling capability achieved with the same animal
model incorporated into GrassGro, the DS tool described in the next paper in this contract.
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GRASSGRO - SUPPORTING MANAGEMENT OF GRAZING ENTERPRISES FOR PROFIT
AND SUSTAINABILITY.
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A
B

CSIRO Plant Industry, GPO Box 1600, Canberra, ACT, 2601
NSW Agriculture, Yass, 2582

Managing a grazing enterprise is a difficult task given the complex biology that underpins production,
the highly variable climate in which Australian graziers must operate, and the problems that large
swings in commodity prices cause for business management. Lean et al. (1997) illustrated the
difficulty of this task by contrasting the good fortunes of woolgrowers who focused on managing the
“profit drivers” of their businesses (eg. enterprise type, stocking rate, time of lambing/calving,
fertiliser management, feed supplementation policy, stock health, stock genotype), with the majority of
growers who managed their farms without this focus. One characteristic of the latter group was to
react to difficult times by cost cutting. This led to less investment in fertiliser, for instance, and locked
the enterprises into a downward spiral in production and profitability. The outcome was quite the
opposite of what was intended.
Although leading graziers have shown that maintaining a focus on business profit drivers is crucial
(Burbidge 1996; Daniels 2000; Webb Ware 2000), it is still often difficult to make optimal decisions
because of the biological and environmental complexity of grazing systems. Computer-based decision
support tools such as GrassGro provide a unique way of coping with this complexity. GrassGro
simulates the “grazing system”. The interactions that occur between soil fertility, stocking rate and
fibre diameter, or lambing time, stocking rate and supplementation policy, etc., can be seen readily and
some of the risks associated with alternative management options can be quantified.
HOW DOES GRASSGRO WORK?
GrassGro was developed using knowledge gained from many years of agronomic and animal
production research. It addresses management of sheep and beef enterprises and enables simulation of
pasture and animal production, and some of the environmental processes, in temperate areas of
southern Australia (Moore et al. 1997). The tool links models of soil, pasture and livestock to a
climate database and, consequently, it is a computer-based representation of the environmental
resources available to a grazier (see Figure 1). The pasture model is driven by the historical daily
weather records of the Australian Bureau of Meteorology. In this way, the variability of climate and
its consequences for production risk are revealed.
WORKING WITH GRASSGRO: WOOL PRODUCTION AT BOOKHAM, NSW
Graham and Hazell (1999) reported a decision-making dilemma faced by fine woolgrowers using
unfertilised pastures at Bookham, NSW. The growers were locked into low stocking rates and low
profitability because of a perception that using fertiliser did not pay. Experience had shown that
superphosphate applications led to increased wool fibre diameter and poorer wool prices.
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Figure 1. The environmental resources available to graziers as represented in the computer-based,
GrassGro decision support tool. The weather data drive pasture and animal production according to the
constraints imposed by the soil, pasture species, animal enterprise and the management rules specified by
the user. The soil profile in GrassGro can be likened to a bucket that captures and holds rainfall for
pasture growth. Key elements are soil fertility, the depth of soil that plant roots explore and the waterholding capacity of this zone. The GrassGro user selects pasture species to represent the pastures on the
farm and in this way captures their attributes in the analysis of the grazing system. Each “pasture
species” in GrassGro is a mathematical description of the plant’s genotype, and it responds to the
simulated environment to produce a phenotype that is appropriate for the farm location. The animal
model used in GrazFeed is also used in GrassGro. Simulations readily demonstrate how well a grazing
enterprise is matched to the farm environment and its pasture resources. Production is usually simulated
over a number of years. This allows environmental, production and business risks that are associated
with climate variability to be quantified.

The group have conducted a grazing demonstration since 1993 that proved that the results of research
conducted elsewhere could be applied in their district. The outcome was a substantial improvement in
profitability per hectare because superphosphate was used to lift stocking rate and this in turn helped
the graziers to manage the fibre diameter of wool. However, the grazing demonstration did not answer
many other important questions. Was the stocking rate of 12-15 wethers/ha that was achieved on
fertilised pasture a sustainable target? Was it an achievable target for other farms in the district?
GrassGro gives graziers the opportunity to examine production problems without resort to an
expensive grazing trial and it is now being used at Bookham to explore the additional questions that
could not be answered by the grazing demonstration. GrassGro was set up to simulate management of
the demonstration trial using local weather data (1965-1998), an appropriate Merino bloodline,
appropriate soil fertility and soil profile descriptions based on soil samples collected in the grazing
demonstration paddock and from paddocks on other farms in the district. Simulations of annual grasssubterranean clover pasture were conducted to examine the impact of differing stocking rates. Various
aspects of the production system (e.g. supplementary feeding, pasture cover, animal condition, etc) can
be used as decision criteria. Gross margin and business risk criteria are used in Figure 2 to determine
an optimal stocking rate.
Simulation of the grazing demonstration site (“Kia-Ora”) revealed that median gross margin increases
as stocking rate is increased, but income variability (business risk) also becomes larger. In this
analysis, the business risk is mostly associated with extra supplementary feeding in poor years and
increased micron in good seasons. At “Kia-Ora”, risk increased disproportionately at stocking rates
above 12 wethers/ha. A disproportionate increase in risk is one criterion that may influence a stocking
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rate decision. However, selection of a preferred stocking rate also depends on the trade-off between
profit and risk that is acceptable to each wool producer. The simulated paddock at “Talmo” differs
from that at “Kia-Ora”, only in the hydraulic properties of the root zone but this has a substantial

“Kia-Ora”
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Top Billies paddock
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300
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200

risk
risk
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Stocking rate (wethers/ha)
Figure 2. Distribution of annual gross margins for simulations based on weather data from 1965-98 using
stocking rates of 6-18 wethers/ha at “Kia-Ora” and “Talmo” via Bookham, NSW, using wool prices
current at September 2001. The middle horizontal bar in each box is the median value, the cross is the
mean, the interquartile range is defined by the upper and lower edges of the box, the whiskers represent
values less than 1.5 times the interquartile range. Outliers are represented by an asterisk and extreme
outliers are represented by an open circle.

impact on the profitability and risk profile for this paddock. The “Talmo” paddock incurs higher
business risk at all stocking rates and may require management at a lower stocking rate than was
achieved in the grazing demonstration.
FARMING TO LAND CAPABILITY
GrassGro provides us with a comprehensive way to assess the capability of grazing land because it
simulates the major environmental resources of the grazing system. Although the decision support
tool encourages the user to focus on managing the profit drivers of grazing enterprises, some of the
risks incurred by exceeding sustainable production levels are also exposed. Consequently, GrassGro
has indicated potential to increase stocking rate in some cases (Behrendt et al. 2000), and has indicated
a need to moderate stocking rate targets in others (Simpson et al. 2001a). In one case, an unforeseen
soil nutrient deficiency was exposed when potential production was predicted to be substantially
higher than was being achieved (Simpson et al. 2001c).
GrassGro has also been used to quantify the impact of location and management on drainage under
pasture systems (Simpson et al., 1998), to quantify exceptional drought circumstances (Donnelly et al.
1998) and to predict conditions conducive to mouse plagues (Pech et al. 1999). Indeed, the potential
of the tool for assisting environmental management is only just beginning to be realised with the
development of prototype versions of GrassGro that simulate nutrient cycling (Simpson et al. 2001b)
and acidification of soil under grazing systems (Braschkat et al. 2001).
CURRENT ISSUES FOR ADOPTION AND FURTHER DEVELOPMENT OF GRASSGRO
GrassGro was released for commercial use in 1997 and presently in excess of 100 advisors have been
trained to use it. By the time it was released many of the basic issues of whether computer-based tools
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would find a place in agriculture were well behind us. The success of GrazFeed had also paved the
way for a grazing systems tool because many GrazFeed users were already demanding answers to
grazing enterprise questions that GrazFeed was not designed to evaluate. Nevertheless, there are a
number of significant issues for adoption and development of GrassGro.
(1) GrassGro is a comprehensive tool dealing with the major resources of a grazing enterprise. It is
important that users have a clear understanding of the assumptions underlying the models and the
limitations of the analyses. Consequently, GrassGro is only available to users who agree to undertake
a training course.
(2) Quantitative information is needed to define the state of the resources when initialising the
models in GrassGro. Graziers and their advisors already have a huge breadth of knowledge which
they use when managing their grazing businesses, but in practice it is often a challenge for them to
quantify that knowledge (e.g. what is the weight of a mature female of your bloodline in score 3
condition; what percentage moisture defines the wilting point of your topsoil?), and there is a
substantial, initial learning curve. At the moment this issue is being addressed by encouraging primary
adoption of GrassGro by advisors as they are more likely to be able to access quantitative information
and can use it to benefit a number of grazier clients. GrassGro is also now an important component of
some rural tertiary degrees (Scott et al. 2001) and this will ensure that new users are trained, have a
systems perspective and will know how to readily access quantitative information.
(3) At the moment, the hydraulic properties of many soils are not known and the cost of the
necessary soil tests is high (~$750/site). A database of available information has been compiled and is
supplied with the latest version of GrassGro. GrassGro users are also finding innovative ways to
gather local soil information. Continuing advances in technology, such as the development of midinfrared soil analyses (Merry and Janik 2001), also promise to reduce these costs and will inevitably
improve access to quantitative soil information.
(4) The initial design for GrassGro envisaged advisors using it to tailor information for specific
clients and sort through farm-specific management issues. The advisor would need to spend some
time establishing a GrassGro simulation for each client’s enterprise, but subsequent uses of the tool for
the client would be very rapid. In practice, advisors have preferred to use GrassGro to analyse districtrelated questions that can benefit client groups because of the time (a few days) they need to establish
and “reality check” each client’s GrassGro profile. Feedback on these issues from GrassGro users is
presently being used to guide development of production system “templates” which will greatly reduce
the time needed for advisors to establish new GrassGro simulations and should ultimately encourage a
move toward more farm-specific simulations. The challenge is the make the tool simpler, to broaden
its appeal, without compromising its flexibility and capacity for analysis of complex production
questions.
(5) There are large gaps in knowledge of pastures and soils. There is a pressing need to describe
more “desirable” and “weedy” pasture species for inclusion in the library of plants that GrassGro can
simulate. GrassGro is based on our current understanding of the biology of grazing systems. As
science generates new knowledge the models underlying GrassGro will be improved and graziers who
use the tool will benefit from the new information.
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THE POTENTIAL GAINS ACHIEVABLE THROUGH ACCESS TO MORE
ADVANCED/MECHANISTIC MODELS OF RUMINANTS.
B.N. NAGORCKA and E.J. ZURCHER
CSIRO Livestock Industries, PO Box 1600, Canberra, ACT 2601

The main objectives of more advanced/mechanistic animal models are (1) to broaden the application of
the models to a wider range of management questions and decisions, (2) to improve the accuracy of the
predictions and (3) to reduce the cost of the input information required. Accounts of the development of
the decision support tools AUSPIG, GrazFeed, based on the Feeding Standards for Australian Livestock
(SCA 1990), and GrassGro, based on the animal model in GrazFeed, all discussed above, provide
examples of these objectives. There is an ongoing demand for further improvements in the animal
models on which these and other Decision Support Tools are based. Taking the management of cattle
feedlots as a particular example, the National Research Council (NRC) in the USA supported the
further development of the cattle growth model to include a more detailed representation of the rumen
microbial population and of the degradation of feed components. The modified cattle growth model is
called the “level 2” feeding system for cattle (NRC 1996). A significant improvement in accuracy was
achieved through the use of the level 2 feeding system (reviewed by Buchanan-Smith and Fox (2000)).
Despite these changes, the level 2 NRC Beef model still does not address tactical management
questions which are important for (Australian) cattle feedlots, such as, “Can a change in the daily
feeding pattern reduce the risk of severe heat or cold stress given an expected pattern of hourly
temperatures?” Nor have other long-standing questions been adequately addressed by the current
feeding systems, questions important to both the cattle and dairy industry, such as, “What is the risk of
rumen acidosis given a particular change in diet involving a change from forage to concentrate?” To
provide information and advice relevant to these questions requires the modelling of physiological
changes; quantities such as body heat production, body temperature and rumen pH must be calculated
on an hourly or shorter time step. At the moment all ruminant feeding systems, including GrazFeed,
make predictions of the average daily animal performance. To predict hourly performance requires a
quantum jump in the complexity of animal models. It requires, for example, more mechanistic model of
the rumen microbial population and of feed particle dynamics in the rumen. Predictions of hourly body
temperature and rumen pH also mean that voluntary feed intake must be modelled using a small time
step.
Models incorporating a more mechanistic representation of the rumen have been attempted by several
research groups. These are considered to be research models and examples include the Wageningen
rumen model (Dijkstra, 1993) and the rumen sub-model in “MOLLY”, a model of a lactating cow
(Baldwin, 1995). The Wageningen rumen model represents the microbial population as two groups, a
fibrolytic group and the remaining microbes in a second group (Dijkstra 1993; Dijkstra, 1994). The
second group was subsequently split into an amylolytic group and a protozoal group. The Wageningen
rumen model does not represent (voluntary) dynamic feed intake nor does it adequately account for
feed particle dynamics. MOLLY on the other hand represents the entire microbial population as a single
pool, but distinguishes between those microbes attached to feed particles and those unattached.
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Drawing on the experience of other research groups as much as possible, we have now constructed a
(CSIRO) ruminant model consisting of a rumen sub-model, which includes representation of feed
particle dynamics and a multi-group representation of the microbes, a lower-gut sub-model and a body
growth sub-model. Since we wish to consider hourly variations in rumen pH and whole-body heat
production, we have also included a voluntary feed intake sub-model that attempts to capture some of
the variation in feeding observed in feedlot feeding trials. Some predictions of the (CSIRO) ruminant
model showing the performance of both the rumen function and voluntary intake (in a feedlot) submodels and using a time step of the order of a minute are presented below.
RUMEN SUB-MODEL
Feed particle dynamics
The dynamics of feed particles is modeled within the rumen sub-model by classifying each feed
ingredient into one of three feed types, namely, forage-stem, forage-leaf and grain. Each of the feed
types in the rumen is divided into four particle sizes, namely, large (L), medium (M), small (S) and fine
(F). The nutrients in the feed are regarded as being locked together in the L, M and S particles, while
the nutrients in the F particles are considered to be in solution. Consequently only the nutrients in F
particles are available for fermentation. L, M and S particles are, however, available for engulfment by
the protozoa. The different processes acting on feed particles and represented in the rumen sub-model
are shown in Figure 1. L, M and S particles are broken down by “fragmentation”, a physical process
caused by chewing and rumination, and also by “microbial degradation” achieved by microbial
attachment and the enzymatic breakdown of feed particles.

Processes Acting on Particles of Forage-Stem,
Forage-Leaf and Grain
engulfment

L

fragmentation

engulfment

microbial degradation

M

fragmentation

engulfment

outflow of medium particles
microbial degradation

S

fragmentation

fermentation

outflow of large particles

outflow of small particles
microbial degradation

F

outflow of liquid

Figure 1.

Although it is not shown in Figure 1, fragmentation and microbial degradation also cause direct
breakdown of L and M particles into F particles. The size ranges of the particles are chosen so that the
fractional outflow rate of large particles is approximately zero and the fractional outflow rate of F
particles is the same as the fractional outflow rate of liquid.

Representation of microbial population
Published information describing observations of rumen microbial function was collected for sixteen
microbial genera, which were then grouped and modelled as four microbial groups (Nagorcka et al.,
2000). The four microbial groups were constructed on the basis of:
• Substrate preferences and fermentation stoichiometries, and
• Preferences for attachment to a particle size class leading to intrinsic differences in fractional
outflow rates of the microbial groups from the rumen relative to the liquid fractional outflow rate.
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The four microbial groups chosen to represent the total microbial population were:
1.
2.
3.
4.

Fibrolytics --- exhibiting a preference for cellulose and hemi-cellulose, and a capacity to attach
to M and S fibrous particles.
Amylolytics --- exhibiting a preference for soluble carbohydrates and starch, and a capacity to
attach to M and S high starch particles.
Lactolytics --- exhibiting a preference to ferment lactate.
Protozoa --- exhibiting differences in fermentation stoichiometry and a capacity to attach to L,
M and S particles and to engulf both particles and rumen bacteria.

Microbial fermentation
Previous rumen models such as the Wageningen model and that used in MOLLY were found to have
difficulties in predicting molar proportions of volatile fatty acids (VFA’s). Nagorcka et al. (2000)
suggest that this is due to the fact that the fermentation stoichiometries used in these models, i.e., those
proposed by Murphy et al. (1982) and Murphy (1984), are associated with dietary components only and
do not depend on the microbial group utilizing the dietary component. In the rumen sub-model used
here, new stoichiometries have been derived for each of the microbial groups and for each dietary
component utilized by that group. Consensus stoichiometries were derived by combining the
stoichiometries for individual bacterial genera or protozoal types in proportion with the contribution of
the individuals to the functional group. Further details are given by Nagorcka et al. (2000) who consider
the total microbial population to be divided into three groups. In this paper the total microbial
population is classed into four microbial groups. The same improvement in predicting VFA molar
proportions in the rumen noted by Nagorcka et al. (2000) has also been achieved here, where a
lactolytic group is now considered as a separate group. The improvement in predicting VFA
proportions is due to the fact that VFA proportions are dependent on microbial composition as well as
on the composition of the dietary components in the rumen.
FEED INTAKE SUB-MODEL
The data collected in feeding trials in research feedlots includes information about each feeding event
for each animal in a pen and this can be used to characterize the feeding behaviour of cattle in feedlots.
Different breeds have different feeding characteristics (Robinson et al. 1996). The ad libitum feeding of
Bos taurus in feedlots normally consists of an average four to seven feeding periods separated by
periods of zero intake during each day. However, there is considerable variation in the actual number of
feeding events each day as well as in other characteristics of a feeding event, such as the amount eaten
and the duration of the event. The discontinuous feeding behaviour in feedlots is expected to have a
significant effect on the hourly variation in quantities such as rumen pH and body heat production.
To model ad libitum feeding a metabolic mechanism that drives the desire to feed has been included in
the CSIRO ruminant model. While many factors influence feeding behaviour it is assumed that the
main driving mechanism is the need to maintain the total energy of metabolites in the blood within
specified thresholds. Other factors controlling the desire to eat, such as the discomfort level of the dry
matter or volume in the rumen, and the requirement for a particular balance of different nutrients in the
pool of available metabolites, are also included in the CSIRO ruminant model as limiting factors.
LOWER-GUT SUB-MODEL
There are many chemical/nutritional components of the feed consumed and the undegraded fractions of
these components flowing out from the rumen into the lower-gut are calculated in the rumen sub-model.
In addition, the different fractions of the fermentation products and of the four microbial groups flowing
out of the rumen into the lower-gut are also calculated. The lower-gut sub-model describing the
digestion and absorption of these nutrients flowing out from the rumen into the post-ruminal gut is the
simplest of the sub-models forming the CSIRO ruminant model. At the moment, for the sake of
simplicity, fixed values are used to calculate the fraction of each nutrient component digested, except
for starch, as it flows through the lower-gut. The digestibility of the undigested starch is calculated as a
function of the rumen digestibility of starch for different starch components. Fixed values are also used
to calculate the fraction of the microbial cell wall, protein, non-protein-nitrogen and fats digested and
absorbed in the lower-gut.
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BODY GROWTH SUB-MODEL
The sub-model calculating body growth currently being used is a modified form of the body growth
sub-model used in MOLLY (Baldwin 1995). A description of the modifications will not be given here.
As described by Baldwin (1995) this sub-model is based on a mechanistic view of the growth of three
body components, namely, “lean body mass”, “viscera” and “fat”, and makes use of a biochemical
understanding of the processes involved. The intermediate metabolites, propionic acid, lactate, triose
phosphate and glycerol are included in the calculations although they do not exist as pools within the
sub-model. Other metabolites, such as amino-acids, glucose, acetic acid and fatty acids, do exist as
pools and control the rates of synthesis and degradation of the three body components depending on
their concentration in the blood. Absorbed nutrients from the lower gut and the rumen flow directly into
pools of these metabolites.
SHORT TERM DYNAMICS OF THE CSIRO RUMINANT MODEL
Simulation
The CSIRO ruminant model has been executed using a ration containing 50:50 forage:grain, where the
forage and grain have the chemical components shown in table 1. The forage is regarded as being made
up entirely of “stem” with no “leaf” component. In a simulation this ration is fed to a young steer (200
kg empty body weight) for a period of 100 days.
Table 1. Chemical composition of forage and grain components (g/kg).
Ingredient
Forage
Grain

Undeg.
30
25

Protein
Deg.
40
75

Sol.
60
30

Fibre
Undeg.
120
20

Starch
Deg.
500
200

15
440

CHO
Sol.
115
100

Lipid
30
50

In the simulation the amount of feed offered was initially restricted, but after several weeks 8 kg of the
concentrate was added to a trough once a day. At first the 8 kg was more than sufficient to meet the ad
libitum requirement calculated by the model. The excess accumulated in the trough. As the animal
grows the 8 kg becomes less than the ad libitum requirement, but the animal was able to eat a little in
excess of this amount because some feed had accumulated in the trough from previous days.
Eventually, however, the appetite of the animal increased, the accumulated feed in the trough was used
up and the trough was emptied each day. Since we wish to examine only the short-term dynamic
behaviour of the CSIRO ruminant model, the model predictions during a 15-day period, chosen towards
the end of the simulation period, are presented below. The 15-day period was chosen at a time when the
trough was eventually emptied by the animal during the course of the day, which triggered a change in
feeding behaviour.
Results
The effect of the metabolic control on eating, a major mechanism in the voluntary intake sub-model,
can be seen in Figure 2a where the calculated rate of eating is plotted during the chosen 15-day period.
The parameters defining the metabolic control in the intake sub-model are set so that there are two
feeds per day for much of the simulation. The number of feeds per day would normally be closer to 4 or
5, but this would make it considerably more difficult to graphically illustrate some of the model
predictions. During the chosen 15-day period the trough begins to run dry in the course of the day
(Figure 2b) and this causes a change in feeding behaviour according to the model; the number of feeds
per day changes from two feeds to one feed per day (Figure 2a). It can be seen in Figure 2c that during
the 15-day period the average 24-hour intake (calculated continuously) changes from a little above 8Kg
per day to be exactly 8Kg per day.
The effect of the variation in the intake on the calculated continuous outflows of undigested fibre and
starch from the rumen is shown in Figure 3a. There are large variations in these rumen outflows in
response to the variations in intake. The 24-hour average (calculated continuously) of these outflows,
on the other hand, remain relatively steady, although the averages do change in response to a change in
feeding behaviour. The rumen digestibilities of both fibre and starch (Figure 3b) have been calculated
using the 24-hour average intakes of fibre and starch. There are large variations in the digestibilities
reflecting the variation in continuous rumen outflows of fibre and starch. Once again much of this
variation is removed when a 24-hour average of the digestibilities is calculated. The model predictions
suggest that the change in feeding behaviour has a small but significant effect on the digestibility of
both fibre and starch.
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Figure 2. Voluntary intake from trough; (a) times and rate of eating, (b) amount left in the trough and (c)
the average intake calculated over the previous 24 hours.
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Figure 3. (a) Rumen outflows and (b) rumen digestibilities of fibre (dynamic – thin solid line, 24-hour
average – thick solid line) and starch (dynamic – dash-dot-dot line, 24-hour average – dashed line).

The total heat production is also calculated continuously and the predicted daily pattern of heat
production is plotted in Figure 4a. Although much of the heat produced is the result of metabolism in
the body tissues, once again substantial variation (~20%) is predicted to occur during the course of the
day on concentrate diets. The variation increases if feeding behaviour is changed, leading to a reduction
in the number of feeds per day. There is significant delay between the time of intake and maximum heat
production. The size of the variation and the shape of the heat production curve, i.e., the delay between
eating and maximum heat production, and the duration of maximum heat production, are important in
devising strategies for minimizing the risk of heat stress.
The predicted rumen pH is plotted in Figure 4b. The effect of the size and number of feeds per day
clearly has a significant effect on the variation of rumen pH. In this case too the size of the variation
and the shape of the variation in pH are important in calculating the risk of rumen acidosis in response
to diet changes and factors affecting feeding behaviour.
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Figure 4. (a) The rate of total heat production, and (b) rumen pH.

FUTURE ANIMAL FEED ADVISORY SYSTEMS
Current animal feed advisory systems predict average daily values and rely heavily on stochastic
empirical relationships to achieve this. The results shown above demonstrate that even where daily
averages may be steady, there are still large variations occurring in most quantities during the course of
the day. Predicting these large daily variations is essential to offer management advice about such
things as controlling heat stress and minimizing the risk of rumen acidosis and hence to maximizing
productivity of the system.
The capacity to predict variations in animal function and performance occurring through the day
requires a much more detailed and mechanistic animal model than those currently used in animal
feeding systems. In particular, the dynamics of feed particles in the rumen, variations in microbial
composition and the short-term dynamics of feed intake must all be represented. The chemical and
physical characteristics of feed ingredients that determine their rate of breakdown in the rumen in
response to physical and microbial processes must also be supplied. Although it is an ambitious goal,
attempts are being made to construct and validate animal models at this level of detail. The more
detailed models now being constructed will not only allow questions concerning heat stress and acidosis
to be considered, but also many other important questions, such as, the interactions between dietary
components, level of intake, feeding behaviour, and the effect of these on digestibility and the site of
digestion.
The arguments against using more complex animal models are 1/ that they are too difficult to use, 2/
that they require much more detailed inputs, and 3/ that they require much more detailed experimental
information to validate. In fact, by using computer based decision support tools the more complex
animal models can now be offered as an alternative model in the form of an icon which is no more
difficult to use that existing feeding systems. It is true that they require more detailed feed information,
but, at least in the case of decision support tools for enterprises based on intensive feeding, this is
becoming available as a computer database that can be readily accessed by the decision support tools
themselves with no additional demands on users. In principle decision support tools for grazing
enterprises would require the use of a pasture model, as is the aim in GrassGro, to minimize the need
for detailed feed information. The more complex models actually assist in identifying those chemical
and physical characteristics of feeds that determine their performance as animal feeds and this has
several advantages, one being that it reduces the need for expensive in vivo animal experiments. More
detailed experimental information is required to validate the more complex models, but such
experiments are required anyway where it is necessary to provide answers to serious management
questions. Finally, as each more detailed animal model is developed it becomes possible to address a
wider range of both tactical and strategic management questions.
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SYMPOSIUM CONCLUSION
A range a examples have been presented that clearly demonstrate how each of the Decision Support
Tools discussed here are able to provide advice to consultants and managers of livestock enterprises
with the potential to improve their profitability, while still adhering to the environmental and health
standards set by the community. In fact, each of the Tools tries to provide advice on how to maximize
profits given the correct description/representation of the particular enterprise. As a consequence
AUSPIG has become a standard tool for the Australian pig industry, and GrazFeed has become a
standard for the grazing industry in NSW. GrassGro has only recently been released, but given its
adoption in tertiary educational courses it’s use is also expected to grow towards an industry standard.
The rapid spread of personal computers, not only into tertiary educational institutions, but also into
high schools (and primary schools, means that the adoption and use of Decision Support Tools in the
agricultural industries will continue to grow rapidly.
Improvements and upgrades of the mathematical models on which these Decision Support Tools are
based are continuing. This is being achieved while maintaining the essential nature of the existing user
interface so that even major improvements will not introduce barriers to the ease of use of the Decision
Support Tools. However, as the management questions considered increase in complexity, the
challenge to maintain and improve the ease of use of these tools is also increasing. Nevertheless, it is
concluded that the adoption of Decision Support Tools will continue to grow in the future, allowing
consultants and managers to readily explore a wide range of options with the potential of achieving
significant financial gains for the livestock industries.
Email: Barry.Nagorcka@csiro.au
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IMPLEMENTATION OF FOOD SAFETY PROGRAMS
A.M. POINTON
SARDI Food Safety Risk Assessment Program, 33 Flemington Street, Glenside, SA 5065

SUMMARY
Domestic and international consumer food safety concerns are increasingly reflected in international
trade agreements and domestic food safety legislation. The process of risk assessment provides the
framework for relating food safety measures to public health outcomes, and thereby a scientifically
objective basis for selecting and implementing food safety procedures at the appropriated points along
the food supply-chain. A survey of food industry stakeholders in Australia strongly endorsed greater
utilisation of risk assessment on a through-chain basis for the development of biologically valid food
safety measures and their willingness to collaborate. This approach equally applies to the primary
sector and has ramifications for the epidemiological and diagnostic rigour of research studies designed
to underpin the development of food safety risk management options for industry. Stakeholders also
identified the need to enhance food borne hazard surveillance in the primary sector and integrate this
with public health surveillance.
Keywords: Food safety, risk assessment, surveillance, review
INTRODUCTION
Domestic and international consumers can ingest our foods and beverages with confidence they will
not become ill. However, policy makers and technical experts throughout the food sector agree there is
a much richer texture to the issue of food safety than the simplicity of whether it is “safe” or “unsafe”.
Currently, food safety is viewed as being a matter of assessing and managing the hazards we know of,
within the limits of currently available technology and at acceptable cost. The real questions in food
safety can more accurately be characterised as relating to the degree of safety, the circumstances and
at what cost this is being met. In addition our food industries, policy makers and regulators confront
numerous emerging issues which pose new challenges. These issues have the potential to threaten
public health and the current confidence in our food industries. These challenges include new and
emerging microbial hazards, eating/lifestyle changes, new foods and combination and replacement
meals and new production and business models for providing foods. It is also recognised the food
industry, with its farming, manufacturing and distribution base, is a major contributor to the national
economy. As such, it is in the national interest to strive continuously to ensure food safety standards
are achieved cost-effectively and our "clean and green" claims can always be substantiated.
The scope of this paper will cover the perspective of a broad range of food supply-chain stakeholders
on food safety issues extracted from a recent report researched by the author (Anon, 2002a) and the
implications of these for the primary sector.
FOOD SAFETY ENVIRONMENT
International context
The Joint FAO/WHO Expert Consultation on the Application of Risk Analysis to Food Standards
Issues (FAO/WHO, 1995) provided FAO, WHO, CODEX Alimentarius Commission (CAC) and
member countries with advice on practical approaches for the application of risk analysis to food
standards issues. An underlying tenet is that barriers to trade must be based on scientific evaluation of
risk to human health. Since then, the CAC has progressed in developing international food standards
based on risk assessment and risk analysis principles. The FAO/WHO Expert Consultation on
Microbiological Hazards in Foods (FAO/WHO, 2000) recommended:
“FAO and WHO countries promote the systematic investigation of outbreaks of food borne illness and
collect information useful in microbiological risk assessment. In particular, epidemiological and
microbiological information (eg. the number of pathogens per gram of food implicated in outbreaks)
will improve the basis for dose-response assessments.”
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The “Principles and Guidelines for the Conduct of Microbiological Risk Assessment” (CAC, 1999)
provided an impetus for an international approach. This framework has led to the joint FAO/WHO
activities on risk assessment (FAO/WHO, 2000) of microbiological hazards in foods including
Listeria monocytogenes in ready-to-eat foods and Salmonella spp. in broilers. In addition, the
FDA/USDA in the United States developed a “Draft Assessment of the Relative Risk to Public Health
from Food borne Listeria monocytogenes Among Selected Categories of Ready-to-eat Foods”
(FDA/USDA, 2001). The assessments provide an international benchmark in methodologies to
improve food safety. The assessments also provide a mechanism by which the food safety
equivalence of alternative production systems can be evaluated.
The Commission of the European Communities White Paper on Food Safety (COMMISSION, 1999)
is a further step toward adopting risk assessment processes to underpin food safety. However, while
risk assessment should be “used as a shield rather than a sword”, the genuine concern in the electorate
also provides a convenient additional instrument for protectionism, which is rampant in international
trade in agricultural commodities.
At a meeting of the recently reactivated CODEX Committee on Meat and Poultry Hygiene (Anon,
2002b) important principles related to the primary sector were adopted: “Meat hygiene requirements
should involve the entire food chain continuum in the control of hazards. As appropriate to the
circumstances the results of routine monitoring and surveillance of animal and human populations for
food safety purposes should be considered in the review and/or modification of meat hygiene
requirements.” These international standards establish a framework for the development of appropriate
quality systems for the entire food-chain which underpin export trade access. The primary sector can,
therefore, expect to see increasing pressure from processors, exporters and regulators to implement
effective food safety measures.
Australian food safety policy and regulatory developments
In 1996 Australian Governments, in partnership with the food industry, set out a blueprint for an
enhanced, coordinated food system encompassing the whole of the food supply-chain from primary
producer through to end consumer. The National Safe Food System Model aimed to increase
consumer confidence, enhance Australia’s performance as a world benchmark for safe food
production and make more effective utilisation of Government and industry.
It incorporates the following key components National Food Hygiene Standard, implementing
HACCP systems, monitoring and surveillance, emergency arrangements, training and education. In
relation to research it proposed; “Priority must be given to developing the body of scientific
information available to industry for risk assessment and management. Structures and processes for
ensuring Government, research and development organisations and industry exchange current
industry-based risk assessment data should be instituted” (National Safe Food System Working Group,
1997).
A review of Food Safety Regulations (Blair, 1998) aimed at reducing the regulatory burden on the
food sector, examining those regulations which restrict competition, impose cost or confer benefits on
industry, and improve the clarity, certainty and efficiency of food regulatory arrangements. In relation
to research it proposed government and industry surveillance of food borne illness, zoonotic and
animal diseases combined with data from food product surveillance for microbiological, chemical and
other contaminants can be used to generate a comprehensive food safety database. The report stated
that: “Research is important to our understanding of food borne illnesses and to develop and assess the
effectiveness of food safety programs and policy. To assess the safety of various food commodities
we need to know more about the hazards in these products and their relation to adverse health
outcomes. Research into food borne pathogens and food contaminants must be broad to address
information needs at all points along the paddock-to-plate continuum. Research should particularly
focus on current gaps in knowledge. The research agenda should also be guided by the international
recognition that food safety policy be based on risk assessment. Risk-based assessment inclusive of
strong scientific evidence through surveillance and research from paddock to plate, can provide
valuable information about Australia’s food safety system”. It also ensures that countries, including
Australia, establish scientifically sound food safety policies and provide a mechanism for making
informed comparisons of food safety between trading partners.
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While Blair (1998) went on to observe that the elements which comprise a national safe food system
are currently in place, “they are not integrated”. In response to the Blair Report, the COAG, Senior
Officials Working Group on Food Safety (Anon, 2000) developed a Model Food Act that provides a
flexible, outcomes based approach necessary for cost efficiencies, a streamlined, nationally focussed
system that involves all stakeholders; and a process that takes as its base proposition all food business
operators have a civil responsibility to supply safe food. The model was adopted through the signing
of the Inter-Governmental Agreement (IGA) in 2000. The streamlined bi-national system of food
regulation includes a single Australia and New Zealand Food Regulation Ministerial Council to
develop domestic food regulation policy and policy guidelines for the development of domestic food
standards, a Food Regulation Standing Committee to support the Ministerial Council, a single set of
domestic food standards consistent with CODEX, a single, independent, expertise-based, statutory
agency called Food Standards Australia New Zealand which develops all domestic food standards and
a single Food Regulation Consultative Council made up of high-level representatives of stakeholder
peak bodies to provide advice to the above bodies.
Since that report there has been considerable progress in harmonising food safety legislation
nationally, developing and implementing food standards nationally, implementing industry-driven
programs and developing individual quality assurance schemes by the larger food enterprises.
Subsequently, food safety standards developed by ANZFA in conjunction with state and territory
health authorities, were the subject of an Inter-Governmental Agreement (IGA) in late 2000. These
are evidence-based and consider standards developed by the CODEX Alimentarius Commission and
countries including the United States, Canada and the United Kingdom. The standards were drafted to
provide industry with more flexibility to achieve safe food outcomes by incorporating modern food
safety practices and removing outdated and prescriptive requirements. ANZFA also conducted a
review of the microbiological standards in the joint Food Standards Code (ANZFA, 2001). Risk
analysis was conducted for 26 food groups and for each group microbiological hazards of concern, (ie
pathogenic microorganisms) were identified and ranked according to their relative risk to the
consumer. Guideline levels for these hazards in specific commodities are being recommended. While
they are not legally enforceable they do provide a framework for industry to maintain the lowest
achievable levels for microbiological hazards in food.
Public health record: risk ranking
The profile of microbial hazard:product pairings for meat and meat products over the past decade is
shown in Table 1. The rare involvement of fresh meat in outbreaks of food borne disease supports the
observation of Sumner et al (2000) that temperature abuse has been a constant problem spanning
several decades of food borne illness. While food processing, storage and handling are attributed the
ultimate blame for outbreaks, both the large food processors and primary industry regulators placed
great emphasis on better control of hazards in the primary sector from where many major hazards arise
(Anon, 2002a). Furthermore there was agreement that risk assessment provides the framework and
justification to shift the emphasis of industry and regulatory programs from fresh to processed meats
and to other commodities such as sprouts which have been the cause of major food borne outbreaks
internationally.
The focus on control of hazards in the primary sector is further reinforced in the CODEX Proposed
Code of Practice for Fresh Meat (Anon, 2002b) which states that “Primary production is a significant
source of hazards associated with fresh meat. A number of microbiological hazards are present in
animal populations intended for slaughter and their control at farm level often presents considerable
challenges eg. E coli O157:H7, Salmonella spp. and Campylobacter spp. A risk management approach
to meat hygiene includes consideration of risk management options that may have a significant impact
on risk reduction when applied at the primary level of production.” The proposed Code also strongly
advocates “meat hygiene requirements should involve the farm-to-plate continuum so as to optimise
the control of hazards throughout the food chain.”
The Australian meat industries have been progressive in this regard. Risk-based food safety strategic
research and development plans have been implemented by the red meat (Fabiansson et al, 1996) and
pork industries (Pointon, 1997) and have benchmarked food borne hazard levels to underpin export
market access (Phillips et al, 2001; Coates et al, 1997). The Microbial Food Safety Key Program of
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Meat and Livestock Australia focussed on: the ecology and prevalence of meat borne pathogens; new
systems and technologies to minimise the risk from those pathogens; and communication and
education of industry and food service workers, and consumer, as an important part of the risk
minimisation strategy (Ross, 1999).
Another important determinant of risk characterisation (estimation) is the susceptibility of the
population. The percentage of the Australian population predisposed to food borne disease for one
reason or another (Table 2) is estimated to be 20.5% (Anon, 2001). This is consistent with estimates
from other Western industrialised countries (20%-25%) and is projected to increase due to increased
proportion of > 60 year olds over the next 20 years.
Table 1. Reported Australian outbreaks associated with meat and meat products for the period 1990-2000
(Source: Anon 2001)
Year
1990
1991
1992
1994
1995

State
WA
SA
WA
SA
SA

Product
Pate, Pastrami (?)
Salami
Salami
Pork sausage
Salami

Pathogen
L. monocytogenes
S. Anatum
S. Typhimurium
S. Enteritidis
E. coli 0111

1996

QLD

E. coli 0157

1996
1996
1996
1997
1997
1997
1997

VIC
SA
SA
VIC
VIC
VIC
VIC

1997
1998
2000
2000

VIC
SA
SA
SA

Not identified, a single delicatessen
implicated
Cold roast meat
Diced chicken
Bread rolls with meat filling
Corned silverside
Meat rolls
Unknown
Corned silverside, leg ham and Virginia
ham
Unknown
Spatchcock (game bird)
Chinese food from another single restaurant
Asian food from a single restaurant

C. perfringens
L. monocytogenes
S. Typhimurium PT 135
S. Muenchen
S. Typhimurium 1
S. Typhimurium 43
S. Anatum
S. Chester
S. Typhimurium RDNC A045
S. Typhimurium RDNC
S. Typhimurium phage type 44

Cases
11
>120
>120
14
150-22
(HUS)
6
33
5
71
24
>700
7
25

Deaths
6 (stillbirths)

1

1
2
1 (?)

25
38
6
11

Table 2. Factors that predispose people to food borne infections and the proportion of the Australian
population in those categories (Source: Anon 2001)
Susceptibility Factor
Age > 60 years
Age ≤ 5 years
Cancer
Transplants
AIDS
Diabetes
Pregnant
Kidney disease
TOTAL PERCENT SUSCEPTIBLE

Percentage of Australian Population in this Category
13.70%
4.6%
0.39%
0.08%
0.11%
1.88% (and believed to be rising)
1.13% (29500 births per annum. Pregnancy last 9 months. Multiple births
ignored)
0.07%
20.5%

Risk assessment and HACCP
Developments in the global trade of food have exposed primary producers to a new set of
opportunities and risks that are best managed with risk assessment. Estimating ‘equivalence’ is now
the process used to determine whether or not Australian products can penetrate foreign markets, and
whether or not products produced abroad can penetrate Australian markets. This involves an appraisal
of whether the imported product presents the same or lesser magnitude of human-health risk as posed
by the domestic product. Under the guidelines produced by the World Trade Organisation (WTO), the
assessment of equivalence demands the conduct of a food safety risk assessment by the importing
country. A country can deny the entry of a product if it fails to meet the equivalence standard. Thus
nations wishing to trade in primary products in particular require a pool of scientific expertise to
conduct their own risk assessments on the products and also to appraise the appropriateness of those
produced by their trading partners. At the domestic level, state food safety legislation and food
standards are also likely to be based on the risk assessment approach. It is timely, therefore, for
industry to develop an integrated through-chain approach to food safety that has international standing.
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Quantitative risk assessment is a methodology used to organise and analyse scientific information to
estimate the probability and severity of an adverse event such as food poisoning (Cassin et al, 1998). It
combines the scientific disciplines of epidemiology, predictive microbiology, statistics and throughchain process modelling. While models may estimate consumer risk they are not being used to set
microbiological standards (Food Safety Objectives – Anon, 2002b). Discussions in relation to the
development and potential utilisation of Food Safety Objectives (FSOs) is in the scope of the CODEX
Committee on Food Hygiene. The position of the Australian delegation (Bailey, pers com) to the
CODEX Committee on Hygienic Practices for Fresh Meat on FSOs was that these would be difficult
to set for fresh meat considering the potential for product abuse post-retail (Jay et al, 1999).
However, through-chain process risk models provide the capacity to evaluate risk mitigation strategies
(importance analysis). In a risk model for E. coli O157:H7 in ground beef hamburgers an 80%
reduction in the likeliness of illness is attributed to appropriate temperature control of fresh meat,
whereas a 46% reduction was predicted by effective preslaughter reduction and 16% attributed to
limited compliance to increase cooking temperatures (Cassin et al, 1998).
In this manner risk assessment has the capacity to differentiate between hazards in terms of consumer
risk and identify and rank risk management options. While the Hazard Analysis Critical Control Point
(HACCP) system entails a hazard analysis step it does not provide a method to quantify hazards and
their consequences, or how to set critical limits in relation to the acceptable level of protection.
HACCP provides the best mechanism by which the microbiological safety of food can be assured
through the control of hazards at their source, product design and process control, and the application
of good hygienic practice through-chain to the consumer (FAO/WHO, 1995). Risk assessment thereby
provides essential information for the implementation of effective food safety HACCP programs. In
recognition of this Meat and Livestock Australia has funded a national training program for risk
managers (Anon, 2001).
METHODOLOGY: FOOD SUPPLY-CHAIN STAKEHOLDER VIEWS
This review provides excerpts from a broad range of stakeholders and agencies with regulatory
responsibility covering the breadth of the food supply-chain (Anon, 2002a). This entailed
interviewing and surveying the following sectors; large food processors, primary industry, small to
medium enterprises, primary industry and food processor regulators, large food retailers, federal
regulatory agencies, FAO/WHO expert consultants, food borne hazard surveillance programs and the
insurance industry. The focus of the study was on issues beyond the capability of a company, agency
and supply-chain sector. Research needs, expectations and priorities of these stakeholders were
identified. A gap analysis to identify unresolved needs was conducted against a background of
research capability and direction. As part of the research needs survey, the primary production and
large food processing sectors were surveyed in regard to having quantitative levels of contamination
on produce and retail-ready products. Their willingness to make this data available in a risk
assessment process to define appropriate and achievable food safety standards and measures was also
assessed.
Food supply-chain stakeholders’ perspective
Large Food Processors. The Technical and Quality Managers of most (11) of the major food
processing companies were interviewed (Table 3). The food safety issue most frequently raised was
the identification and control of hazards on-farm. This predominantly related to microbial hazards.
This was supported by a majority of respondents who ranked as a high priority emerging food borne
(zoonotic) agents, (eg, BSE, E. coli 0157:H7, etc), which have emerged in the primary sector as a
major threat. The view “we can control what we know about”, underscores a moderate ranking for
current common food borne agents provided by this sector.
Recognising risks posed, in part, by the primary sector is reflected in the high importance placed on
the need for through-chain risk assessments. While microbiological hazards are considered the major
risk, some respondents highlighted the need to keep residues, especially pesticides, and allergens in
check. These would be included in the Hazard Identification and Hazard Characterisation steps of a
Risk Assessment.
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Table 3. Ranking of food safety issues by large food processors (Anon. 2002a)
ISSUE
Emerging Food borne Agents
Effect on Food Safety
Effect on Business
Human Health Implications of Zoonoses
Effect on Food Safety
Effect on Business
Current Common Food borne Agents
Effect on Food Safety
Effect on Business
Through-Chain Risk Assessment
Effect on Food Safety
Effect on Business
Minimally Processed Foods
Effect on Food Safety
Effect on Business
Antibiotic Resistance Carried by Food borne Agents
Effect on Food Safety
Effect on Business
Value of Non-Human Micro Databases as “Early Warning”
Effect on Food Safety
Effect on Business
Practical Food Safety Plans for Small Business
Effect on Food Safety
Effect on Business
Improved Implementation of Food Safety Practices in the Home
Effect on Food Safety
Effect on Business
Quantitative Data (Y/N)
Data Sharing (Y/N)

1

2

3

4

5

6

7

8

9

10

11

H
H

M
M

M
L

H
H

H
H

H
H

M
H

H
H

H
H

M
M

M
M

M
H

L
H

M
M

H
H

H
H

H
H

M
H

M
M

H
H

L
L

M
M

M
M

M
M

H
H

H
H

M-H
M-H

L-M
L-M

H
M-H

M
L-M

H
H

L
L

M
H

M-H
M-H

M
M

H
L

H
H

H
H

H
H

H
H

H
H

H
H

M
M

H
M

H
H

H
L

L
L

H
H

L
L

M
H

H
H

H
M

H
H

L-M
L-M

M
M

L
L

L
L

M
M

M
M

H
H

M-H
H

H
M

L-M
L-M

M
L

L
L

H
M

M
M

M
M

M
L

M
M

H
H

M
M

L
L

L
L

H
L

M
M

L
H

M
M

M
H

L
L

H
H

H
L

H
H

H
H

H
H

H
H

L
L

M
H

M-H
M-H

M-H
M-H

H
L

H
H

M
M

L
L

H
H

H
H

H
H

L
L

L
M

Y
Y

-

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

-

-
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Of importance was establishing levels of contamination of produce and foods in Australia against
which assessment of imported products can be judged (“equivalence”). This was a reflection of the
high regard held for risk assessment procedures.
Many respondents raised the issue of the changing risks associated with the move to minimally
processed foods, including the knowledge of the risk posed by Listeria monocytogenes in Australia
and the requirements for the whole-of-industry. Another component is the behaviour of a range of
microbial hazards in multi-component meal replacements. As ingredients from a range of supplychains are combined, dependence increases on the food processor of the control of hazards by
suppliers, ie. primary producers.
The implementation of HACCP procedures in this sector in large part is established. However,
concern was raised in regard to its validation. There is a need for rapid test procedures for common
food borne agents that give quantitative results. Concern was also raised of poor food safety QA in
the SME sector, particularly at the food handling/retail level. When specifically asked to rank the
importance of QA in the SME sector, the response was generally “high”. There was a strong impact
on the business of large processors resulting from product failures due to SME problems, although
strong brand names are more resilient.
Also of concern was traceability, foreign matter (eg glass during processing), regulatory enforcement
of on-farm QA, over-regulation and the need for technology development in the area of “processing
lethality”.
In relation to research needs the use of risk assessment was recommended to better identify and
quantify hazards on-farm, relate levels of contamination in foods to consumer risk (better human
surveillance – OzFoodNet role), set standards (Food Safety Objectives) using quantitative measures,
identify data gaps (and research priorities) using quantitative measures and investigate new hazards
and those with potential to emerge in minimally processed foods (eg Listeria monocytogenes).
In considering improved hazard identification, the issue of improved surveillance utilising non-human
microbiological database (incorporated in the National Enteric Pathogen Surveillance Scheme, Hogg,
2001) was raised. The question of the value of non-human database serving as an “early warning”
system was equivocal. The value in (retrospective) investigations was recognised, however,
respondents felt this data “won’t keep you out of prison.” Despite the “low” ranking it was noted by
one respondent that this should be undertaken as a whole-of-Government approach with integration of
public health and primary industry programs.
Other research needs identified were developing rapid quantitative tests for priority hazards, extending
shelf-life without increasing risk, self-evident additives/bio-markers to indicate failures, improving
“kill steps” in processing and using molecular technologies to identify virulent strains.
In relation to what stakeholders would like to see happen to address these issues, the following
comments were made. There is a strong feeling that applying risk assessment across the whole supplychain be given high priority by Government. This process would provide data on levels of
contamination of Australian products as a basis of establishing systems that support continuous quality
improvement, supporting improved consumer protection and export market access. This would require
an industry and Government approach to funding and establishing priorities for research to address
quality assurance issues. Industry needs a forum to explore these research opportunities and directions.
There is a need for a greater focus on developing pro-active risk-based surveillance programs where
responsibilities are defined, “otherwise no-one does anything”. Included in this is a need to “focus
resources on prevention, rather than after the event investigation.” Guidelines need to be improved,
based on Australian data, rather than greater regulation. Allied to this was the questioning of the
mandatory notification of Listeria monocytogenes and its inconsistent application across states. It was
noted “regulation won’t achieve anything alone”. While risk assessment may indicate application of
regulatory measures (ie level of contamination/food safety objective), the process also provides a
broader perspective of the benefit of other food safety measures (non-regulatory), which may improve
risk reduction.
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In relation to sharing data for risk assessment purposes the large processing sector keeps quantitative
data on products, which it was prepared to make available. This came unofficially as final
authorisation would be “up to management”. However, in a targeted, de-identified and carefully
managed process which does not penalise companies, it was felt that the data would be made
available. The quality of this data would need to be evaluated, particularly in relation to test methods
and sampling frameworks. To ensure future data collected meets international risk assessment
standards, discussions should be held to establish the practicality, and cost-effectiveness of building
epidemiological, sampling and testing specifications into routine company testing programs.
Small and medium enterprise sector issues. The perspectives of the SME sector’s issues and
potential research needs were obtained from technologists serving thousands of SME businesses
(Table 4). These perspectives were strongly and consistently reinforced by the large food processor
and large retail sectors (Anon, 2002a).
While a number of business risks and barriers to implementing food safety plans were cited, there was
a strong feeling that poor risk perceptions among SME business managers and staff are the underlying
problem. There is an extremely poor understanding of hazards and how processes in SME business
can increase consumer risk. This will be a major barrier to increasing the relevance and importance
attributed to food safety by the SME sector.
This observed low-risk perception is seen as the main reason for the “low” ranking by the SME sector
for a range of food safety issues which were ranked “medium to high” by other stakeholders (Table 3).
This is the glaring divergence of opinion between the five stakeholder groups which ranked these
issues and therefore, presents a major barrier to the adoption of through-chain approaches to food
safety. Lack of assurance of product integrity by one sector, however, must not delay the drive to
implement effective food safety risk management programs by other sectors.
Surveillance systems. A recent review of Australia’s animal disease surveillance systems, “Animal
Disease Surveillance Program: Baseline Study” (Ausvet, 2001), commissioned by Animal Health
Australia and the National Veterinary Committee has been conducted.
One of the major conclusions is there is no process for risk-based prioritisation of investment in
surveillance programs. As a large proportion of food borne pathogens exist asymptomatically in
animal populations, and production and marketing practices may increase levels, it is important food
safety be included in the “risk-based” prioritisation process. Resources to facilitate this shift in
emphasis are not apparent. A recent risk analysis workshop convened by Animal Health Australia,
however, ranked this issue of “high” importance in terms of a threat to the Australian livestock
industries. This issue was one of the top five issues ranked “high” to be referred to the Animal Health
Australia Board for consideration. Inputs to the workshop were sought from this food safety research
needs study.
Animal Health Australia, which brokers the co-funding of animal health programs on behalf of
industry and Government, recognises the increasing importance of food safety in its “Animal Health
2010: A Report of the Strategic Destinations Group” (AHA, 2000). Conclusions drawn include:
⋅
⋅
⋅
⋅

industry funded programs developed and managed by AHA are overwhelmingly aimed at
securing export trade access;
while some research is funded within some programs, industry investment is attracted on the
basis of implementing actual disease control programs;
programs do not cover control of infection/contamination of herds and flocks with food borne
pathogens which are asymptomatic in animals; and
data on the level of contamination of flocks and herds with food borne pathogens is held mostly
by industry research and development agencies, though some states (NSW) are starting
benchmarking surveys on primary commodities.
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Table 4. Ranking of food safety issues for small and medium enterprise food processors and retailers (Anon. 2002a)
ISSUE
Emerging Food-borne Agents
Effect on Food Safety
Effect on Business
Human Health Implications of Zoonoses
Effect on Food Safety
Effect on Business
Current Common Food-borne Agents
Effect on Food Safety
Effect on Business
Through-Chain Risk Assessment
Effect on Food Safety
Effect on Business
Minimally Processed Foods
Effect on Food Safety
Effect on Business
Antibiotic Resistance Carried by Food-borne Agents
Effect on Food Safety
Effect on Business
Value of Non-Human Micro Databases as “Early Warning”
Effect on Food Safety
Effect on Business
Practical Food Safety Plans for Small Business
Effect on Food Safety
Effect on Business
Improved Implementation of Food Safety Practices in the Home
Effect on Food Safety
Effect on Business
Quantitative Data (Y/N)
Data Sharing (Y/N)
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1
2
3
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L
L
L
L
L
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L

L
L

-

N/A
N/A

M
M

L
L

L
L

H
M

L
L

M
H

H
M

N/A
N/A

M
M

M
M

L
L

L
L

M
M

M
M

M
M

N/A
N/A

L
M

M
M

L
L

H
L-M

L
L

L-M
L-M

M
L

N/A
N/A

L
L

L
L

L
L

L-M
L

L
L

L
L

L
L

N/A
N/A

L-M
L-M

L
L

L
L

L
L

L
L

L
L

L
L

N/A
N/A

M
-

-

M-H
-

M
H

M
M

H
M

L
M

N/A
N/A

H+
H+

-

L-M
L

H
H

L-M
-

M
M

M
L

H
H

H
H

L
L

-

-

-

-

-

H
N/A

-

-
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The greater emphasis given to surveillance for food safety pathogens is apparent in the recent “South
Australian Animal Health Service, Strategic and Business Plan 1999 – 2002”. This is an example of
how agencies are responding to the issues identified in previous reviews (PIRSA, 2000). Specialist
veterinary epidemiologists are being recruited to develop programs that more directly target food
safety risk.
The Australian Veterinary Association is also developing a policy on the Food Safety Role of
Veterinarians. The policy under development (Kevin Doyle, pers comm) will address where
practicing veterinarians fit in with the broader paradigm of food safety.
In Australia, the National Enteric Pathogen Surveillance Scheme (Hogg, 2001), addresses all human
and non-human isolates including veterinary, human foods, industrial and other environmental
isolates. It relies on important links forged with laboratories providing the information, the trust of
industry and usefulness to those with a need to develop action plans within their jurisdictions. This
provides a (mostly) passive surveillance role, however, it provides an essential resource to collaborate
with and support any wider active surveillance role which has been repeatedly advocated in the
reviews cited.
The National Residue Survey provides a comprehensive surveillance program for metals, chemical
and antibiotic residues across the major livestock commodities (O’Flynn, 1999; NRS, 2001). The
monitoring of meat products is designed to ensure compliance with the Australian Standards for
Hygienic Production of Meat for Human Consumption to meet export certification requirements of
AQIS and trading partners. The sampling frameworks have been reviewed and accepted by the USDA
and EU as “scientifically sound, based on valid risk assessment and structured to deliver statistically
valid results”. Samples are tested for a broad range of organochlorine, organophosphate and PCB
chemicals and metals. Violation rates are extremely low, and due exclusively to chemical residues in
cattle and predominantly metals for sheep (NRS, 2001).
IMPLICATIONS FOR THE PRIMARY SECTOR
Through-chain risk assessment perspective
The endorsement to adopt risk assessment as a driver to improvements in food safety is almost
universal among food industry stakeholders. For some time Australian regulatory authorities have
been promoting this framework and the Model Food Bill incorporates the flexibility of outcome based
standards and the principle of equivalence. This reflects the international approach being taken by
FAO/WHO and the CODEX Alimentarius Commission.
The Australian consultants to FAO/WHO expert consultations on microbiological hazards who were
interviewed, consistently emphasised that the international risk assessments conducted by FAO will
increase the imperative to move from qualitative to quantitative assessments which utilise Australian
data. This capability will better position Australia to contribute to “the interpretation of equivalence,
at the international table.”
Inherent in the consistent feedback is the need to conduct risk assessments across the supply-chain.
While risk assessments on product/hazard pairs and at the sector level are the focus of most risk
assessments, the move to through-chain assessments as part of a process to produce quantitative
consumer risk estimates is endorsed. This process will, in turn, identify data gaps which require
targeted research. This process will enable the implementation of food safety measures (including
regulations where appropriate) which are related to public health outcomes and are based on the
performance of industry and what industry should achieve to ensure an acceptably safe food supply.
Some stakeholders are critical that Australian risk assessments are not of international standing and
lack quantitative data on the level of food borne contaminants. This is considered essential by large
food processors, primary industry and regulators to establish appropriate food safety measures for the
Australian food industry. The consultants also noted a need to conduct quantitative risk assessment,
“to be an international player” to assist in maintaining of our reputation for “clean and green” food.
At present no-one in the world is using this approach to set microbiological hazards, however, the
approaches and methodologies are being developed and Australia needs to stay competitive.
“Importance analyses” within risk assessments (Cassin et al, 1998) are being utilised to identify the
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points along the supply-chain which contribute substantially to risk, and therefore, should be the focus
of practical and effective control measures.
Risk managers (industry and regulators) need to clearly identify the priorities for risk assessment
research. This recommendation is proposed as while considerable research in food safety is
conducted, much of the work is not structured to address gaps in knowledge required by the risk
assessment process. This not only requires risk managers (regulators and industry) to define the
research questions but also requires the research to meet epidemiological and laboratory standards
essential for risk assessment and the international recognition of outputs. These are fundamental
tenets on which future food safety research which supports the food safety management should be
based.
All stakeholders in the supply-chain should promote adopting the risk assessment framework to
research investors to provide the basis for commissioning food safety research in their jurisdiction.
Peak industry bodies with risk management responsibilities should define the research questions for
risk assessment research accordingly.
Type of data and gaps
Many stakeholders criticised the lack of Australian data in risk assessments. When the proposition
was put to industry to make industry data available for high priority risk assessments, there was strong
agreement from both the large food processor and primary industry sectors. The value in the data
collected by these agencies and companies lies in providing quantitative levels of contamination on
ingredients and finished products. This is critical information for risk modellers in the prediction of
consumer exposure and to conduct “importance analysis” through-chain to identify control points.
There are several advantages to this approach:
i)

This data would (in confidence) benchmark the performance of Australian industry and enable
an assessment of the current levels of contamination to consumer risk. Food safety options
stemming from this process would then take into account the industry (sector) contribution to
risk and whether improvements are required and achievable. This will also identify additional
information needs and can be used to influence research investment priorities.

ii)

Without this data the actual contribution of industry sectors to risk will be a broad estimate at
least, drawing on-going industry and regulator criticism.

iii)

By contributing this data, industry will be provided with a food safety perspective of its overall
contribution to risk and where and how much resource should be directed toward this issue.
Trade and legal requirements will also determine this commitment.

iv)

To make this information available, the industry/company sector will need to be involved in the
risk management process. This will include defining research questions and is particularly
important in the selection of risk management options as there is heavy reliance on industry to
implement appropriate food safety measures.

Under the present arrangements for industry to submit data for risk assessment processes, there are
several difficulties and issues to be addressed. These include the sampling frame used so data is
representative of product volume flows and seasonality of hazards (where appropriate), consistency of
laboratory methodology and the need to meet a required international standard, the fear of being
penalised if test results are “out of specification” and de-identification and security to ensure
commercial confidentiality.
These are important and difficult issues which will require fail-safe systems to overcome. However,
this “approach must be nurtured” to harness the potential savings and the relevance of outputs and
partnership approach achieved. Existing arrangements, that protect contributed data from the Freedom
of Information Act and subpoenaing, should be investigated.
While attempts to access quality data from industry have been made in the past, efforts should be
continued as industry showed a clear and strong commitment to the process. While microbiological
hazards presently receive the most attention, there are several appeals for inclusion of pesticides,
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allergens and natural toxins in risk assessments. Databases on these are provided/developing through
the National Residue Survey and AusToxNet, respectively.
Another advantage of utilising industry data would be to offset some of the high cost of conducting
risk assessments. Use of industry data would potentially offset a major expense and contribute a
substantial in-kind contribution to project funding. This would, in-turn, provide a cost-effective
mechanism for industry to immediately contribute (in-kind) to the conduct of targeted risk assessment
research. This would provide a mechanism for industry to become considerable co-investors in
projects, a requirement of most research funding models.
Biological validation of quality systems
The types of data gaps and epidemiological and statistical limitations of previous food borne hazard
studies in animal populations are highlighted in the preslaughter management of livestock to minimise
food safety hazards. The potential application of preslaughter reduction of food borne hazards was
reinforced in a Quantitative Risk Assessment (QRA) of ground beef patties in which a reduction of
consumer risk by 46% was predicted if the preslaughter level of contamination was controlled (Cassin
et al, 1998). Opportunities for control have focused on the immediate preslaughter period. The impact
of a 24-hour feed withdrawal prior to slaughter on the level of contamination is equivocal in sheep and
cattle, varying from no change (Harmon et al, 1999, Kudva et al, 1997) to increased levels in sheep
(Kudva et al, 1995).
In view of this information it is unclear whether the “feed curfew” procedure in FlockCare reduces the
level of contamination (through less ingesta spillage, cleaner fleeces and cleaner transport) or leads to
poorer hygiene through increased levels of E. coli and Salmonella spp. present in ingesta as a source
of carcase contamination. In NZ lambs it has been demonstrated that the presence of faecal material or
wool on the carcase was not associated with increased bacterial numbers on visually clean areas of the
carcase. The presence of visible contamination alone cannot be used as an indicator of hygienic status
of the carcase as a whole (Biss and Hathaway, 1996).
Further studies have identified hazard loads to be diet related with barley-based diets having lower
levels than corn (Buchko et al, 2000). Feeding changes also offer opportunities for reducing levels
with a change of diet followed immediately by feed withdrawal leading to a clearance of E. coli
(Kudva et al, 1995). Any food safety (“feed curfew”) measure then needs to also take into account its
impact on eating quality.
In relation to the sensitivity of sample amounts, the faecal sample weight has been demonstrated to
markedly influence estimates of prevalence in epidemiological studies. Until the advent of risk
assessment there has not been such an emphasis on knowing the performance characteristics (ie.
sensitivity) of the sampling methodology. Studies have placed emphasis on characterising isolates
obtained from surveys, with much less attention being placed on the epidemiological
representativeness and rigour of the published estimates of prevalence. The relative sensitivity of
samples of pig faeces for the recovery of Salmonella spp. varied from 22% with 1gm, 52% with 10gm
and 78% with 25 gm samples (Funk et al, 2000). A subsequent Australian study of the prevalence of
E. coli O157:H7 in dairy cows at slaughter (Hallaran and Sumner, 2001) used 10gm samples of large
intestinal ingesta that is likely to give greater sensitivity and data rigour. Standardisation of sample
volume based on the known relative sensitivity, as well as knowing the sensitivity of the diagnostic
test is, therefore, critical in increasing the utility of such prevalence data for QRA purposes from
which control procedures capable of reducing risk can be reliably defined.
Important aspects in applying a risk-based approach to reducing the level of contamination of meat
include;
•
taking a quantitative approach to ultimately enable an estimate of risk reduction and attribute risk
•
characterising pathways/opportunities for contamination in different production systems
•
using methodologies (ie. reliable sample weights and determining levels of contamination as well
as presence/absence) that will enable data to be interpreted in a QRA process modelling context.
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Through-chain surveillance
Linking industry performance with public health outcomes has been consistently recommended. Both
the National Safe Food System (1997) and the Blair Report (1998) recommended its integration.
Public health surveillance data can be used to prioritise hazards for attention down the supply-chain
and also provides evidence of the efficacy of risk management measures.
While there have been several reports recommending food borne disease surveillance for the livestock
industries over several years, there is still a lack of risk-based surveillance. The grains industry is
formulating its risk-based approach to on-farm quality assurance (SafeFood NSW, 2000). OzFoodNet
is generating valuable information on the incidence and cause of public health food borne disease
outbreaks (Kirk, 2001). At a minimum, those responsible for surveillance and food safety programs in
the primary sector must utilise OzFoodNet data to prioritise primary industry programs based on
consumer risk. This will require consultation between OzFoodNet and animal health epidemiologists
to review food borne risk-based surveillance in the primary sector.
Conversely, with better hazard surveillance data from the primary and processing sectors, there is an
opportunity to review public health surveillance priorities. Current food borne surveillance focuses on
the common microbiological agents which cause gastrointestinal disease. However, there is a range of
hazards (natural toxins) which may cause syndromes other than gastro-intestinal illness. Without
monitoring potential outcomes from these hazards it is not possible with certainty to prioritise hazards
in pre-slaughter and pre-harvest programs.
This results in Australia having a limited range of information on which to base effective risk
prioritisation of programs, analyse needs or verification of the public health impact of the programs
implemented. From an export control point of view, this is not of direct importance as the measure of
our success lies in the frequency and extent of disruptions to the export trade. However, domestic
problems have a significant impact on exports, as importing authorities usually require assurances
whenever they become aware of significant domestic food safety issues. We must also be prepared, in
the wake of high profile cases such as the outbreaks of BSE in the United Kingdom and continental
Europe, for overseas authorities to become more demanding in requiring food safety claims to be
backed by quantitative data.
A recent review of Australia’s animal disease surveillance systems, “Animal Disease Surveillance
Program: Baseline Study” (AusVet, 2001), commissioned by Animal Health Australia and the
National Veterinary Committee has been conducted. One of the major conclusions is there is no
process for risk-based prioritisation of investment in surveillance programs. As a large proportion of
food borne pathogens exist asymptomatically in animal populations, and production and marketing
practices may increase levels, it is important a through-chain perspective is included in the “riskbased” prioritisation process. Resources to facilitate this shift in emphasis are not apparent. In a
recent review of the Veterinary Laboratory Service in the UK in relation to meeting its veterinary
public health charter, Hathaway (pers com) found that this was largely comprised of diagnosis of
clinical disease due to Salmonellosis (ie animals unlikely to be entering the food-chain for some time)
and as such failed to address food borne hazards circulating in clinically normal populations that enter
the food-chain.
A project to implement pro-active, risk-based surveillance across the supply-chain is required. This
will enhance the value of non-human microbiological databases, (ie National Enteric Pathogen
Surveillance Scheme). Specifically, integrating information from OzFoodNet (incidence attack rates,
sources of contamination, risk factors for food borne disease) with levels of contamination of hazards
along the food supply-chain is essential for comprehensive risk assessments. Regulators specified this
feature will differentiate any new initiatives from the current situation. Better food borne disease
surveillance information is also recognised as being a powerful tool to identify gaps in required
knowledge and to prioritise research accordingly as well as validating risk estimates from risk
assessments.
The value of non-human microbiological databases was, however, ranked of “low to medium”
importance by stakeholders. The lack of systematic monitoring by industry and inconsistent reporting
(ie notifiable) between states, makes interpretation of this data difficult. However stakeholders
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recognised the value of this type of information to detect longer-term shifts in pathogen levels which
may assist in focusing investigations of food borne outbreaks.
CONCLUSIONS
Australian food industry stakeholders strongly endorse the need to undertake risk assessments that
involve the entire food supply-chain. These require coordination of resources and programs across
sectors of the product supply-chain. This process will enable selection of practical food safety
procedures that effectively and efficiently provide the acceptable level of consumer protection. The
development of a Quantitative Risk Assessment (QRA) model for a hazard/product pair provides
industry with:
• a tool to predict how changes in industry practices impact on the occurrence of the risk in humans
so delivering an authoritative method for optimising the benefits from HACCP.
• a tool to define (Critical) Control Points and Critical Limits through-chain as production systems
change and processing technologies evolve
• a tool to assist harmonisation of Quality Assurance systems nationally
• a risk-based tool for prioritising food safety R&D
• a model to evaluate the food safety risk of alternative control measures and production systems
• capacity to design production systems to minimise risk, and
• a risk-based tool for reviewing microbiological monitoring standards for the product.
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THE UNDERWOOD LECTURE FOR 2002
GLOBAL FOOD PRODUCTION AND CONSUMPTION: FUTURE TRENDS,
OPPORTUNITIES AND CONSTRAINTS FOR LIVESTOCK PRODUCTS
J.E. VERCOE
International Livestock Research Institute, Nairobi, Kenya

SUMMARY
Despite the increases in the world’s population, the percentage of food insecure people has halved
over the last 30 years. There are encouraging signs of a decline in the rate of increase in the
population in several key countries e.g. China and India, but several hotspots remain, especially in the
south Asia region and Sub-Saharan Africa. In the past decade there have been encouraging signs also
of economic growth, one manifestation of which is a marked increase in the demand for animal
products such as meat, milk and eggs. This new demand creates opportunities for trade in livestock
products, technology and infrastructure, IT and management systems, for the production,
transportation, processing, waste disposal, and marketing and distribution of animal products. It also
creates potential threats because of the demand for feed grains, on which much of the increase in
production will depend, and the environmental demands that increased crop production will place on
natural resources. On balance, the opportunities outweigh the threats, but humanitarian values
necessary to provide the aid that is required by the poorest countries, should not be forgotten in the
chase for increased profits amongst those countries that are growing towards economic prosperity.
Keywords: food supply, demand, consumption, livestock production, trade, natural resources
INTRODUCTION
The record for predicting the future supply and demand for global food is notoriously bad. In 1968
Paul Ehrlich wrote in “The Population Bomb”: “The battle to feed humanity is over. In the 1970s the
world will undergo famines – hundreds of millions of people are going to starve to death”. In 1973,
Lester Brown of the World-watch Institute started predicting that population would soon outstrip food
production and has been doing so regularly for the last almost 30 years, so far without being right. In
fact, since 1961 the world’s population has doubled but food production per capita has risen by over
20%, with the calorie consumption per capita in developing countries rising by 27% since 1963
(Ridley 2002).
Doom-sayers, not only those pronouncing on population and food, have been proven wrong on many
fronts. Life expectancy is increasing, deaths from hunger are falling, medical treatment is improving,
age-corrected cancer mortality is declining, air and water quality in most places is improving, rate of
loss of tropical rainforest is falling rapidly, we have not yet run out of important metals or fossil fuels,
the net loss of land to desert is being arrested, and energy use per unit of GDP is falling (Lomborg
2001; Ridley 2002).
Per Pinstrup-Andersen, Director-General of the International Food Policy Research Institute in
Washington and winner of the World Food Prize in 2001, tells us that since 1970, the number of food
insecure people in developing countries has declined by 17% to a current total of about 800 million
and the food-insecure share of the population has halved from 37% to 18% (Paper presented at the
Annual General Meeting of the CGIAR, Washington DC October 2001). But, as Pinstrup-Andersen
points out, progress is uneven. East and Southeast Asia are experiencing major improvements but in
South Asia the number of food-insecure people has increased slightly and in Sub-Saharan Africa, only
one third of the countries experienced a reduction in the number of food-insecure people and more
than half the countries experienced a deterioration.
Just because the food situation is improving in many parts of the world does not give us cause for
complacency; the problem is far from solved. But, there are grounds for optimism, and with proper
analysis, we can plan and more effectively target our agricultural production and technology, for
humanitarian aid on the one hand and for increased trade and global prosperity on the other. While
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some regions and countries provide a spur to do much better in our efforts to alleviate poverty and
enhance food security, especially in relation to preschool children, in others the changes in the rate of
population growth, the economic status and changing dietary preferences provide encouraging signs
that the battle against food insecurity and poverty is being rapidly won. It is in these places in
particular that the opportunities for livestock products are greatest, whether locally produced or traded.
This paper does not include fish in its coverage because comparable information, although being
collected and analysed by IFPRI scientists, has not yet been published.
HOW FAST IS POPULATION GROWING?
United Nations statistics indicate that the world’s population today is around 6.25 billion, the 6 billion
mark being passed in 1999. By 2050 the population is estimated to be a little over 9 billion and by
early in the next century, will be stabilised at a little less than 11 billion, and from then on it will
slowly fall (UNDP 2001). The large growth in world population occurred from 1950 onwards and this
was due largely to a fall in death rates. In the early 1950, women in developing countries gave birth,
on average, to more than 6 children compared to around half that today. The decline in birth rates
follows the decline in death rates. Now several developing countries are experiencing birth rates of
around 3.1 children per family, similar to those seen in Scandinavia in the 1920s and the US and
Australia in our baby-boomer years. In 1990 about 87 million were added to the population, in 2001
about 76 and in 2050 the estimate is around 43 million
There is large variation in the population growth between countries. Currently, 7 of the 10 countries
with the highest population growth are in Sub-Saharan Africa with rates of increase between 3.27 to
5.53 (Liberia) and 5 countries exceeding 4%. In contrast, China at 0.9 (excluding Hong Kong and
Macao) is now matching many developed countries e.g. Australia (1.15), USA (1.05) but still some
way to go to catch the European countries e.g. UK (0.27), Sweden (0.03), France (0.37), Germany
(0.09). India (1.60), expected to be have a larger population than China by 2050 (1.57 billion vs 1.46
billion), Indonesia (1.41) and Vietnam (1.40) are making better headway than the Philippines (2.03),
but the real problem areas are in Africa and to perhaps a slightly lesser extent, the Middle East and
parts of South Asia.
Coupled with these changes in the total population are changes in the age structure and changes in the
urban to rural dweller ratios. Population growth from now on will be in the cities. By about 2007, for
the first time in history, over 50% of the population will live in cities.
Revising estimates
The figures quoted here are those termed the “median variant” by the UN. They are neither the most
optimistic nor the most pessimistic, and the data from which they are derived are regularly updated
and reviewed. The revisions have led always, so far, to reductions in the estimate of the plateau. This
has been attributed to a number of factors, including rising incomes and falling death rates, but
HIV/AIDS, which continues to wreak its dreadful havoc amongst rural and urban populations,
especially on Africa, is emerging as a significant factor in future revisions.
Hope or despair?
The essential message is one of hope. The data by Pinstrup-Andersen (2001), referred to above, and
the IFPRI projections that indicate that the 800 million food insecure people will reduce to 680 million
in the next decade, are all positive signs. Although still unacceptably high, these trends provide
messages of hope. However hope must be tempered with caution when considering the future
population and food scenarios for some countries and regions. The progress that has been made in
arresting the population growth in many ‘hotspots” and a stronger recognition of the driving forces,
especially economic development and the fundamental role that agricultural development has in this,
are all positive signs for humanity and humanitarian values, as well as for increased trade and
prosperity.
WHAT WILL PEOPLE BE EATING IN 2020?
In the last 25 years the proportion of the calories coming from livestock products (meat, milk, and
eggs) in developing countries has increased from 6 to 10%. In developed countries the proportion has
remained constant at around 20%. By 2020, international research workers, led by the International
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Food Policy Research Institute (IFPRI) in Washington D.C., predict that these changes will be more
pronounced, as demonstrated in the following Tables that show data generated by the IFPRI
“IMPACT” economic development model.
The IFPRI “IMPACT” model divides the world into 36 regions/countries and incorporates 22
commodities including 6 from livestock. The base data are those from FAO statistics 1996/98. The
demand for the country groups is a function of prices, income and population growth and supply is
determined by prices and productivity growth. Excess demand determines the net trade, and the sum
of net trade that flows globally is minimised. The model determines annually – market clearing prices;
consumption level by commodity and region; feed use level; area, yield and production levels by
commodity and region; and net trade by commodity and region. The model has been updated and
more finely “tuned” in 2001 from the 1998 version and the data I will be reporting, based on the
model, are from the latest run of the model.
Table 1 indicates that by 2020, the consumption per capita of beef, pork, poultry, meat and milk will
have increased substantially above their 1997 values. Naturally there are strong regional differences
in total meat consumption and these are shown in Table 2.
Table 1. Per capita consumption (kg/year) of livestock products in developing countries 1997 to 2020
Commodity

1997

2020

% Increase

Beef

6

9

50

Pork
Poultry
All Meat
Milk
Source: Delgado and Rosegrant (2001)

10
7
25
43

13
11
35
61

30
57
40
42

Table 2. Changes in total meat consumption (millions of tonnes, MT) by region, 1997 to 2020 and
predicted annual growth rate in consumption
Region

1997

2020

53
9
26
23

104
19
45
45

Annual growth rate
%
3.0
3.3
1.8
3.1

World
208
Source: Delgado and Rosegrant (2001)

327

2.0

China
SE Asia
Latin America
Other developing

The major features of these Tables are firstly the demonstration of the large increases in demand for all
livestock products and especially for poultry, pork and milk, secondly the regional differences that there
will be in demand, if these predictions are correct, noting particularly the huge impact of China on the
overall equation and finally the fact that of the 119 MT difference in the amount of meat consumed per
annum between 1997 and 2020, 102 MT of that will come from developing countries. Finally the types
of meat that will contribute to the total increase in meat demand are estimated to be poultry 40%, pork
31%, beef 24% and sheep and goat meat 5%.
The corresponding figures for milk consumption are shown in Table 3. The major feature in Table 3 is
the very large predicted increases in milk consumption in all regions between 1997 and 2020, with the
exception of Latin America where it will be a more moderate increase. However it should be noted that
even in Latin America the predicted increase will still be above the world average. It should also be
noted that of the world increase of 244MT, approximately 70 percent would come from the developing
countries and regions listed. Some of this increase will be driven by increases in population but, as
Table 1 shows, a high proportion, even in the case of India, will be due to higher per capita consumption.
The changes in dietary preferences from starchy staples (rice, wheat, maize etc) to include a higher
proportion of high-protein, livestock derived products, has two immediate effects: firstly, more starchy
staples are available for human consumption amongst the poorest of the poor and secondly, because the
increase in livestock products will come mainly from intensive production systems, more grains will be
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needed to feed animals. For example, in China’s rural areas people consumed 200 kg of grain per capita
compared to 130 kg per capita in the wealthier urban areas. As income increases, this pattern is repeated
– animal products supplant starchy foods and the proportion of food derived from starchy staples
declines (Huang and Bouis, 1996, cited by Delgado et al. 1999).
Table 3. Changes in total milk consumption (MT) by region, 1997 to 2020 and predicted annual percentage
growth rate in consumption
Region
China
India
Other South Asia
WANA*/Africa
Latin America

1997

2020

10
60
21
42
54

23
132
42
77
82

Annual growth rate
%
3.5
3.2
3.0
2.7
1.8

654

1.5

World
412
*West Asia and North Africa
Source: Delgado and Rosegrant (2001)

The world will be a happier and a healthier place if all this happens. Not only will people have more
to eat but, as Delgado et al. (1999) point out, the increase in the consumption of livestock products
will impact directly on the health of poor people, and particularly on pregnant women and children,
because of the higher intake of protein, vitamins and minerals. The growth areas, in terms of the
quantity of food consumed, will come from the developing economies, and while most of the world’s
population will be seeking quantity, the trends in the industrialised countries towards “health” foods,
and issues of quality, purity and production methods, will continue.
However, the increases in the amounts of livestock feed required by the IFPRI analyses of the future
needs, raises some hard questions about the potential consequences on natural resources and trade.
FROM WHERE WILL THE FEED FOR LIVESTOCK COME?
What is required?
If the above scenario for livestock products is to be met then there will have to be large increases in
feeds, especially for pigs, poultry and dairy cattle, but also one could expect that some of the beef
increase will be derived from grain-finishing production systems. Based on the trends during the
1980s and 90s, “IMPACT” estimates that from 1997 to 2020 the total cereal use as livestock feed will
increase by 40%, from 660 MT to 925 MT. This is shown in Table 4.
Table 4 highlights the enormous demand for livestock feed from China in 2020, amounting to almost
25% of the global demand. Almost 80% of the total increase in demand from 1997 to 2020 will come
from developing countries (207 MT of 265 MT).
Table 4. Total cereal use as livestock feed (MT) 1997 and 2020, by region
Region
China
Southeast Asia
WANA
Latin America
Developing Countries*
Developed Countries*
World
*Estimated from Delgado et al. (1999)
Source: Delgado and Rosegrant (2001)

1997
111
15
36
58
201
459
660

2020
221
27
59
98
408
517
925

Where will it come from?
It is predicted that the demand for grains for livestock and humans will be met by:
• Bringing new/idle land into production, especially arable land in South and North America, SubSaharan Africa, and areas of eastern Europe that have been under-utilised or managed poorly,
• Increased yields per hectare, particularly in developing countries where the use of fertilisers and
improved management practices will have a major impact, and
• Increases in feed efficiency as efficient and more highly productive genotypes and management
practices are introduced into the intensive production systems in developing countries.
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There is no doubt that high-yielding land in several industrialised countries for which farmers are
currently paid to keep out of production, will, if conditions are right, be able to contribute to an
increase in supply of feed grains. We can add to this the sizeable contribution that the former Soviet
Union can make, as its agricultural sector restructures and revitalises. Yields in developing countries
have increased dramatically since 1960 and the trend continues. Since 1960 the yield in tonnes per
hectare has increased from 0.8 to 2.7 for wheat, 1.1 to 2.9 for maize and from 1.0 to 2.6 for rice.
These increases are attributed to new varieties, enhanced water use – including irrigation, fertilisers
and pest control. The impact of increasing efficiency of feed used by livestock is evident from the
following examples. Per head production of dairy cows in the USA increased by approximately 65%
between 1960 to the 1990s. The USA now produces more milk from fewer than half the cows that
were present at the end of World War II and the efficiency of feed conversion is twice as high as those
in places like Mexico, Kenya and Egypt. The global average (including developed and developing
countries) for milk production is 1150 kg/cow, only about 10% of that of the world’s highest
producing herds (CAST, 1999). Another example can be found in broiler chickens: improved strains
grew 3-4 times faster and required about 68% less feed per unit of gain than a random breeding
population based on 1957 stock (CAST, 1999).
There is still debate about the extent of the competition between animals and humans for humanedible grains. Steinfeld et al. (1997) calculated that worldwide, animals consumed 74 MT of humanedible protein and in return produced 54 MT of animal protein for human food. The 1.4:1 input:output
ratio is acceptable, given that the relative biological values of plant and animal protein are also of this
magnitude. The contributors to the CAST study have included a detailed analysis of the competition
between humans and livestock for grains and highlighted the conversion ratios (grain per unit of final
product) for different species in developed and developing countries (Box 5 page 42). Apart from
demonstrating that ruminants are not as inefficient users of human edible grain as has been
promulgated previously (because a high proportion of their final weight has been achieved on forage),
they conclude that this is not an issue of great concern and in any event is best tackled through
appropriate policy settings.
We can be certain that a lot of grain will be traded. The predicted major net importers of grain in 2020
are shown in Table 5.
Table 5. Net imports of cereals (MT) 1997 and 2020
Region
China
Southeast Asia
WANA
Latin America
Developing
* Source: Delgado and Rosegrant (2001)

1997
7.8
5.7
45.2
15.4
104.1

2020
47.6
8.6
73.1
3.5
202.1

What will grains cost?
The “IMPACT” model projects that there will be little impact on the costs of grain associated with this
large increase in demand for livestock products. The historical rate of decrease of real food prices in
the last 25 years or so suggests that the rate of decline of food prices during the next 25 years will be
weaker and the reasons for this, proposed by Delgado et al. (1999), is the reserve capacity for
additional cereal production. The large exporters of grains such as Australia, Canada and the USA,
have the ability to bring large amounts of land into production that may not be used for grain
production when other commodity prices are higher. Average wheat yields in Britain and other
European countries are higher than in the major exporting countries, which suggests that there is
further reserve capacity to increase yields amongst the major exporters. When measured in constant
1996/98 US$ projections suggest that the real price in 2020 for maize will be US$97 per tonne, up 3%
on the 1996/98 baseline, and that for soybean will be US$248 per tonne, no change, in real terms, from
the 1996/98 baseline.
Thus it appears that there will be sufficient feed to support the projected increase in production
generated by the increased demand for livestock products, but the increased production will not all
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come from an increase in domestic production, associated with the drive for self sufficiency amongst
those countries where the demand is greatest. There will be major effects on the trading of livestock
products and the raw materials that generate those products.
CHANGES IN TRADE IN LIVESTOCK PRODUCTS AND FEED
There is no way in which the countries that have the greatest demand for livestock products can meet
the demand internally. They will have to import. They will import the products, the raw material
from which those products are made (livestock and feed), and they will import the manufacturing and
processing technology, as well as much of the technological and physical infrastructure required to
support the new food industries.
Table 6 shows a part of the trade picture for meat and milk a few years ago, and the predictions of
what it will probably be in the next two decades. These figures demonstrate a continuation of what
we know to be already occurring; live sheep and cattle into Asia and the middle East, milk and milk
products streaming into Southeast Asia, and excellent trade opportunities for Australia and New
Zealand in these areas of maximum market growth. Over the next two decades the nature of the trade
is likely to change.
Table 6. Net imports of meat (MT) and milk (MT) from selected countries in 1997 and 2020
Meat
Region
1997
China
0.0
India
na
Southeast Asia
0.0
WANA
0.9
Latin America
-0.3
Developing
0.9
Source: Delgado and Rosegrant (2001)

Milk
2020
4.0
na
0.4
1.7
-2.5
5.7

1997
1.4
0.0
4.7
4.9
5.8
20.0

2020
2.9
0.5
8.8
7.9
4.5
33.7

As the infrastructure and capacity for transport and cold storage increases, the trade in processed
product will increase relative to the live animal trade. The present situation in Southeast Asia, where
live animal exports from Australia support the “wet-market” systems, is changing rapidly. More coldchains are being installed and improved transport and handling methods are being introduced.
Furthermore, many Governments in East and Southeast Asia have active policies for the genetic
improvement of their national flocks and herds, so the flows of breeding stock to these countries from
other places will strengthen, along with the movements of stock for feeding and subsequent slaughter.
Delgado et al. (1999) predict that changes in feed efficiency by livestock will have a noticeable, and in
some cases a pronounced effect on the trade picture, because of the impact on feed-grain usage.
Higher feed efficiency encourages the use of cereals as feed and favour countries where cereal supply
is relatively cheap and cereal feeding practices are well established. While changes in feed efficiency
have virtually no effect on the consumption of livestock products, they do affect the way, and the
locations, in which those products are produced. Thus, progressively lower feed efficiency can raise
the price of cereals to the point where substitutes are cost effective, and countries such as Argentina
and Australia, with a large capacity to produce beef off grass, can compete more easily with the more
expensive lot-fed product. But, the responses in different countries to the changes in grain prices
associated with changes in feed efficiency are different. For example, the IMPACT model predicts
that an increase in feed efficiency produces an increase in net beef exports from India, and a decline of
beef exports in China. This may reflect, at least in part, the relative preferences for beef, pork and
poultry in the two countries and the relative feed efficiencies of these species. The price changes in
cereals that are related to feed conversion efficiency indicate that a decrease in feed efficiency tends to
increase net exports of cereals from developed countries, as well as India and Sub-Saharan Africa, and
increase the net imports of cereals by China and Latin America. However, Delgado et al. (1999) warn
that when the percentage of the total production and consumption of a product that is traded is small,
the percentage trade responses observed in some cases can be relatively, perhaps disproportionately,
large. The important point is that feed efficiency is an important determinant of grain prices and
consequently the trade in them and the products that derive from them.
Interestingly, despite the increases in demand and enhanced trade, the “IMPACT” model does not
predict major changes in prices for either livestock products or for feed, mentioned earlier. Price
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projections (in 1996/98 US$) for livestock products (per 100 kg) in 2020 are US$1696 for beef, down
6% on 1996/98 prices; US$2147 for pork, down 6% on 1996/98 prices; US$700 for poultry, down 4%;
and US$277 for milk; down 12% on 1996/98 prices. The projections to 2020 for beef, maize and
poultry are shown in Figure 1.
Real Prices, 1990 US$
500
100 kg Beef
400
300
1 T Maize
200
100

100 kg Poultry

0
70 -72

80 -82

90 -92

94 -96

2020

Year

Figure 1. Projected 2020 prices in constant 1996/98 US$ for beef, maize and poultry (Delgado and
Rosegrant 2001)

Figure 1 shows the projected 2020 prices in constant 1996/98 US$, relative to the historical trends,
highlighting the significant changes that occurred in production efficiency since 1970, and
emphasising the underlying changes in the terms of trade. The projections are shown for two
scenarios of feed efficiency. Lower feed efficiency (closed symbols) increases the price of grain and
beef, but the relative increase in the price of poultry is small.
CAN THE NATURAL RESOURCE BASE SUPPORT THE NEED?
This, of course, is the big question. Economic models such as “IMPACT” merely juggle the figures
according to the equations that comprise them. The models make assumptions based on past trends
and assume that these trends can continue. They know little about agro-ecological and other biological
systems and the natural resources that are required to support them.
Fischer et al. (2001), in a major assessment of global agro-ecological requirements for agriculture in
the next 100 years, conducted by the International Institute for Applied Systems Analysis in
Laxenburg, Austria, and FAO, made the following findings:
• More than 75% of the global land surface is unsuitable for crop cultivation because this land is
too cold (13%), too dry (27%), too steep (12%) or the soils are too infertile (40%) or
combinations of these factors.
• Cultivatable land in developing countries totals about 1.8 billion ha of which some 20% is
only moderately suitable. At present about half of this 1.8 billion is under cultivation,
compared with 595 million ha out of 756 million ha (80%) in developed countries.
• Over 80% of the potentially cultivable global land reserves are in either South America or Sub
Saharan Africa. In Asia, most of the cultivable land is already in use and by 2050 the per
capita allocation of this land will be below 0.1 ha, a value considered critical.
• In both the developed and developing worlds, some 1.4 billion ha are forest ecosystems of
which 12% and 30% respectively, have good potential for crop cultivation, but to do so would
result in severe environmental consequences.
• Intensification of agriculture will be the most likely means to meet the food needs of 9 billion
people in 2050. The study asserts that enough food can be produced on currently cultivated
land if sustainable management and adequate inputs are applied. This will require
improvements in socio-economic conditions if inputs and technology are to be accessed by
farmers in developing countries.
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•

The projected climate change will result in mixed and geographically varying impacts on crop
production. In general, developed countries gain production potential while several
developing countries lose.

The comprehensive assessment of Fischer et al. (2001) contributes substantially to the body of
analysis and opinion that indicates that the growing world population will not only feed itself, but that
the trends showing a decreasing number of food-insecure people and increasing numbers eating more
and higher quality food can continue (see also earlier discussion). However the effects of climate
change may vary the extent of the overall trend.
DOES AUSTRALIA HAVE A ROLE?
This question by now should be redundant! The opportunities for Australia lie in two major areas –
each of them important, and interrelated over time. The first is in development assistance, and the
second is trade.
In the “aid” area we work with such organisations and agencies as AusAID, ACIAR, and the sixteen
CGIAR sponsored International Agricultural Research Centres, of which the International Livestock
Research Institute (ILRI) is one. The opportunities that these bodies provide should be high on the list
for activities by Australian livestock scientists and primary producers. At a recent Crawford Fund
Parliamentary Seminar (“Food, Water and War: Security in a World of Conflict”, ACIAR 2000),
Admiral Chris Barrie, in his keynote address, stated “In affluent societies we take ready access to food
and water for granted, but in their absence people are driven to do whatever it takes to get them.” And
added “If the circumstances of life are precarious enough, it is easy for the bad guys to recruit young
people to their cause for a uniform and some food, however squalid or ill-defined the particular cause
might be.” His talk highlighted the need to prevent poverty, the ideal breeding ground for discontent,
and consequently the need for military intervention in the future. Afghanistan is a good lesson. Only
now has a consortium of wealthy nations, including the USA, put together a fund, and a package of
agricultural assistance, for delivery through the CGIAR and other groups. We can only ponder the
consequences if this had been done 2 decades or more ago!
In the “trade” area we in Australia are fortunate. Many of the countries in our region have already
made substantial socio-economic progress and have passed from the “aid” category to a “trade” status.
And it is this region of the world that much of the action is occurring. We can underpin and strengthen
the national relationships with institutional and personal partnerships, built on the exchange of
information, technology, cooperative research activities, catchment, waste, and other land
management practices (e.g. through community action and participatory producer groups), products,
services, and infrastructure building and management.
In summary, given the large increases in the consumption of livestock products that is likely to occur
over the next two decades, the Australian livestock industry (and I include our scientific and
educational institutions and their staffs as vital parts of the industry) can participate in the future food
production needs of the world, throughout the whole of the food production chain. In some
circumstances we will produce and trade the raw materials for food production, in others the final
processed product, in some our educational expertise, our technology and know how, and in others we
will provide the infrastructure to support transport, marketing and distribution, and of course our IT to
access new knowledge and practices. We will trade both our theoretical and practical knowledge and
expertise, in ventures with our current and future partners in the developing world, who are the
consumers of animal products in the future.
How we manage this and whether we succeed in meeting the challenge is entirely in our hands. It is
up to us - as individuals, as academics, researchers and producers, and our institutions and
organizations, to apply our own efforts and to exert our influence on our national leaders and policy
makers. Let us seize the opportunity to make Australia and the world a better-fed and more peaceful
place.
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SUMMARY
Controlled environment systems (CES) include such diverse applications as buildings for indoor
aquaculture, intensive livestock and laboratory animals. The challenges of pushing the design
envelope for CES include our ability to quantify important engineering aspects of the surrounding
environment such as external loads which affect design and operation, and the development of
information gathering, information processing and dynamic control systems to enable the proper
functioning and management of a CES. Perhaps more challenging, is the continued need for current,
relevant design data for how occupants of CES react with, and to, their environment. There is a range
of diverse technologies available, developed in many instances by other industries, which can be
readily incorporated and utilised in CES. In this paper two potential technologies which can be used
as components of CES are discussed; 1) economical optimisation of livestock production, and 2)
‘fuzzy logic’ control systems. Integration of such tools into a precision livestock farming
methodology, which we characterise as “information rich CES”, is critically needed. Precision
livestock farming principles need to be incorporated into information rich CES systems, if livestock
industries aim to remain economically viable, socially responsible and ecologically sustainable.
Keywords: precision farming, fuzzy logic, environmental management, engineering
INTRODUCTION
Engineering methodologies for design, implementation, control and management of Controlled
Environment Systems (CES) have undergone extensive changes in the past few decades. Process
engineering and system research principles have been applied with great success (Gates et al., 1997),
and there have been marked developments in information systems, measurement and control
technologies (Frost 2001). Improving CES engineering has also been possible because we continue to
develop a more complete understanding of interactions between biological systems and their
environment. As engineers and scientists, we have aimed to better quantify these interactions. Yet,
surprisingly, design information on biological and physiological responses at the organism or
population level, is sorely outdated. The scientific community has embraced biotechnology and suborganism biology and has been rewarded well, leaving behind whole-organism based biological
research.
Despite our progress and funding problems, exciting future tasks, such as the development of more
information rich livestock management systems and CES, remains to be accomplished. Such
intelligent systems will lead to a futuristic animal production that optimises profit within constraints
that include animal welfare and environmental concerns (Wathes et al. 2001; Banhazi et al. 2000). The
main tasks of developing information rich CES may be broken into at least three groups, ie. the
development of automated: 1) information gathering, 2) information processing, and 3) of more
responsive and autonomous control systems. Each task presents tremendous challenges. The first
example discussed in this paper fits into the second and third groups of tasks, namely the development
of information processing systems, and their real-time implementation. A second example discussed,
(fuzzy logic control) is a good example of a control technology designed to be more precise and
responsive to dynamically changing inputs.
INFORMATION-RICH CONTROLLED ENVIRONMENT SYSTEMS
All of us involved in, or exposed to the practical aspects of farm management are familiar with the
typical office arrangements and desktop of poultry or piggery managers. Although, computers are
increasingly part of the ‘landscape’ these sometimes million dollar worth of CES systems’
management is based on a relatively small amount of manually collected information, compared to
what could be achieved if modern IT tools are used. The information management and processing of
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many farms is quite inadequate, despite the fact that technologies which can be used to greater effect
are readily available.
A conceptual model for how an information-rich CES can be expected to benefit producers is
demonstrated in Figure 1.
Resource management
Upper limit (waste)
Precision farming

Usage level

Ideal input level

Lower limit (tolerance)
Traditional farming

Time scale

Figure 1. The ability of Precision Farming to closely match the ideal production conditions, will prevent
producers to waste (over-supply) and/or under-supply their resources and therefore rely on the tolerance
of the livestock to preform under sub-optimal conditions.

External disturbances:
weather, prices, etc.

Model-based
predictor/optimizer
Expert System

+

Intensive Livestock Facility
Outputs:
building
environment,
animal
performance

+

Feedback Controllers (environment,
feed, water, ...)
+

-

Set points adjusted by Expert System

Figure 2. Information-rich control systems can be visualised as a combination of feedback controller
(conventional) coupled with one or more feed-forward modules (the model-based control, inference
engine, etc).

The main benefits expected from a more information rich system is two fold:
1. Waste will be reduced (costs lowered), as managers do not have to over-specify resource inputs (for
example excess amino acids) to ensure that animals will receive their specific requirements. A more
intelligent system will be able to assess what resources are being used, what effects they are having on
the production process and what else needs to be done to achieve optimal production conditions.
Waste will also be reduced by better product specification and delivery. Producers do not have to risk,
for example, producing pigs with excessive backfat in order to achieve higher market weights. Ideally,
they should be able to monitor backfat and adjust environment and nutrient densities accordingly. The
development of such information gathering and information processing systems will obviously take
time. The first step, for example, could be to establish a system which will ensure a quicker
information transfer from slaughterhouses to producers (via e-mails for example), so producers are
able to respond quickly to problems identified during slaughter, such as excessive backfat or sub487.
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clinical diseases (Pointon and Banhazi 1995). A next step would be to install automated backfat
testing equipment on farms, a development which is still a fair way away for most producers (Persaud
2001). Finally, it will be necessary to close the loop on the process so that both environment and feed
can be adjusted to control to the proper backfat level, while maintaining other constraints.
2. The second benefit will come from the fact that with better information gathering systems producers
will not under-supply and under-utilise their resources. Ideally, one of the benefits of readily available,
precise and up-to-date information will be that animals will experience significantly less time under
sub-optimal conditions. Sub-optimal thermal, environmental, nutritional etc. conditions will be rapidly
identified and the remedial action will be automated or streamlined.
ECONOMIC OPTIMISATION TOOL
Vertically integrated poultry operations in a sense have defined the new age of large-scale,
commercial animal production. Each broiler house constitutes a unique CES, with no two houses
exactly alike. The house environment is controlled based on factors including age and breed of birds,
weather pattern, the equipment available for environment control, the costs of feed, electricity and fuel
for heating, and the past history of litter, veterinary and dietary management. This past history
component often involves subjective decisions by the operator and higher management, and is
sufficiently complicated to challenge the best managers.
An economic optimisation requires the following key components:
• Physiological model of the animal or bird population, including sensitivities to environmental and
nutritional constraints (e.g. temperature-dependent heat and moisture production data, feed intake,
etc.)
• Housing model to predict real-time energy fluxes as weather patterns and internal loads vary
• Interaction module that negotiates between the physiological model and the housing model, to find
valid equilibrium states
• Economic model that evaluates costs and benefits for each possible equilibrium state
• Optimisation model to select the environment which maximises income for current conditions,
given past history and possible future trends
The ability to provide model-based control of each individual broiler house, using an economic
optimisation technique to maximise profit, has been available for nearly two decades (Timmons and
Gates 1986). Yet this process (which maximises profit, not production) has never been commercially
implemented. Economics of the technique are clear, and demonstrations (both simulations and field
experiments) have validated the approach. But this technology remains to be transferred. Perhaps as
the poultry industry matures in developed countries, becoming less concerned with cost-cutting and
more concerned with value-added profits, economic optimisation will be recognised by industry
leaders and adopted. Recent advances in online optimisation and adaptive intelligent control may
improve its likelihood of adoption (Sigrimis et al. 2000)
FUZZY-LOGIC CONTROL AND ENVIRONMENTAL MANAGEMENT
A promising new technology that is capable of contributing to the development of a better managed
and controlled CES is “Fuzzy-logic” control (FLC). Principles of environment controller design that
incorporates fuzzy logic have recently been presented elsewhere in detail (Chao et al, 2000; Gates et
al. 2001) and thus an overview of the idea is presented here to demonstrate the usefulness of the
technology for CES.
Greenhouse and livestock heating, ventilation and air-conditioning (HVAC) systems have evolved as
these agricultural facilities have become large-scale production units. Modern control systems for
these facilities include fully integrated process controllers, often with centralised monitoring systems
that communicate with local zone controllers. These types of systems are robust, and have been
designed and installed with the unique requirements of the agricultural production facilities.
Environment control system design for greenhouse and livestock facilities entails requirements that are
significantly different from classical control system design. The majority of large scale systems utilise
on/off type equipment and are characterised as “discrete stage controllers”; thus controller design
evolved from multiple staged thermostat systems, with each stage corresponding to an increased
amount of heating or ventilation. Guidelines for selection and design of stage increments, which are
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sensitive to climate and occupancy, are available (Gates et al. 2001) and constitute the primary design
input to many of these systems. Conventional control systems are designed to satisfy constraints on
limiting interior environment fluctuations, with preference given to lower energy costs rather than
precise temperature control. A key difficulty is that such designs cannot scale well amongst different
building designs and applications, e.g. poultry broilers vs. layers and pig grower/finisher houses vs.
farrowing or gestation units.
In contrast, a FLC can incorporate reasoning and memory into current control decisions. Two
examples of FLC application to livestock and poultry CES are 1) use of fuzzy reasoning to determine
the degree to which birds are acclimatised to heat stress, and to adjust night-time ventilation setback
control points accordingly (Gates et al. 1997) and 2) a means of providing users with the “look and
feel” of a control system they are familiar with while incorporating a user-specified balance between
control precision and energy consumption (Chao et al. 2000; Gates et al. 2001). This latter approach
demonstrates how the use of fuzzy reasoning can easily incorporate conflicting control constraints and
allow an experienced operator to set the desired trajectory, which may vary with external factors on a
management time horizon rather than on the more dynamic time horizon needed for real-time
environment control. A key feature of this application is the ability of the same controller (and control
logic) to be utilised in the full range of CES facilities.
CONCLUSIONS AND FUTURE OF R&D NEEDS
Development of a “Precision Farming” concept to CES involves integration of the scientific method
with an integration of production and environment processes (Wathes et al. 2001), which include the
unique needs of different livestock species. In a sense, this is an articulation of a path many
researchers have taken. An example of this approach is the incorporation of animal welfare needs and
environmental constraints in new CES designs. For example, Armstrong and Pajor (2001) argue for
new solutions that maximise profit with added constraints of satisfying an animal’s need for normal
patterns of behaviour. There is a clear need for automated information gathering and processing
systems which can enable data collection and automated data management of animal behaviour (Naas
et al. 2000) and environmental data (Banhazi et al. 1999).
CES-based engineering research and development encompasses a tremendous variety of topics and
disciplines. Biosystems engineers have traditionally used multidisciplinary teams on CES projects,
collaborating across Institutions and on many occasions across different countries. This trend is likely
to accelerate with the complexity of systems and projects. We face many new challenges in this
exciting new research area.
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SUSTAINABLE ANIMAL PRODUCTION IN AUSTRALIA – PRESIDENT’S ADDRESS
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INTRODUCTION
The production of meat, milk, wool and wheat in the past 150 years of Australia’s development has
generated vast wealth and has fed and clothed millions of people worldwide. However this has been at the
expense of this country’s old and fragile natural ecosystems. The unsustainability of our past and some
current agricultural practices is indisputable, and evident not only in biophysical deterioration such as the
cancerous growth of soil salinity, soil acidity, soil sodicity, erosion, and declining water quality, but also
in the deterioration of our rural communities. As we enter the new Millennium, economic “rationalism” is
still the dominant paradigm, dictating as it does in many cases continued depletion of natural capital
stocks. There is an on-going failure to apportion economic value to externalities, presumably because of
the difficulties of valuing aesthetic ‘commodities,’ or activities divorced geographically or temporally
from a production activity (eg pollution downstream or in 10 years time). It is conservatively estimated
that at least $2bill of unallocated environmental costs are incurred per annum as a result of current
agricultural practices (salinity $270 mill pa), soil sodicity ($200mill pa), soil acidity ($300 mill pa), soil
erosion ($80 mill pa), water quality ($515 mill pa) in addition to the costs of degradation of aquatic,
estuarine and coastal waterways. This economic irrationalism is perpetuated by an increasingly urbanised
population that bears little ownership of its role in creating unsustainable agricultural practices. These
problems are well recognised. Potential solutions however are rarely addressed. In this paper I make an
attempt, albeit a necessarily superficial one, to highlight what I see as the key issues around sustainability
of the major livestock industries. For the intensive pig and poultry industries the tremendous gains that
have been made in biological efficiency must now be tempered by attention to more socially-acceptable
practices, development of alternatives to antibiotic growth promotants, and efficient treatment and
utilization of effluent and carcasses. The ruminant industries, likewise, must develop alternatives to
practices likely to come under fire from consumers, including mulesing, castration and tail docking..
Reducing greenhouse gas emissions from our ruminants has become a high priority, as has the
development of grazing systems that mimic natural ecosystems in terms of water flows, nutrient flows,
and biodiversity. All animal production systems will need to reduce chemical usage and ensure that
animal products are safe. Science, technology and education will go some way to addressing many of
these issues, but without a shared vision for the ultimate nature of our landscapes and animal production
systems, and the means of sharing the costs of achieving that vision, we will not achieve ‘sustainability’.
Keywords: sustainable, animal, production, ecological, social, economic
WHAT DO WE MEAN BY SUSTAINABLE?
Definitions of sustainability vary but the triple-bottom line of ecological sustainability, social acceptability
and economic viability (Conway 1985) suffice for the purpose of the current discussion. Using the
definition that a sustainable system is one that fits all three criteria, no system that remains static can be
sustainable given the consistent decline in the terms of trade facing producers. To remain financially
viable an enterprise must increase productivity by approximately 2% per annum. Often the means by
which this is achieved is via intensification and increased input of non-renewable resources and chemicals,
factors that often mitigate against the other two criteria of sustainability.
THE COMPONENTS OF ‘SUSTAINABILITY’ AND FACTORS THAT WILL INFLUENCE
THEM IN THE FUTURE
Social acceptability
The social acceptability of animal production practices in the future is impossible to predict, particularly
as ‘society’ can be defined as domestic and overseas communities. An important demographic, however,
is the urbanisation of Australians and their increasing remoteness from animal production systems. In
1911, 43% of the Australian population lived in rural and remote areas. In 1996 this figure was 14% and
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declining. That is, 86% of Australians live in urban areas and 70% live in the capital cities (ABS 2002).
Between 1995 and 2000 73% of Australia’s population growth occurred in the capital cities. The fastest
growth rate (15% per annum) of any sector of Australian society was in the inner city populations, a group
that has little or no association with animals, no understanding of animal production systems, and
importantly, no basis on which to construct an informed empathic view of animals.
The growth of vegetarianism will obviously impact on the sustainability of meat production in the future.
A recent study in the USA found that the strongest predictor of vegetarianism as a dietary choice was the
belief that vegetarianism is beneficial to the environment (Kalof et al. 1999). These altruistic beliefs that
vegetarianism is beneficial to human health, the environment, farm animals, and world hunger is most
evident in children (especially teenagers), who are particularly sensitive to issues relating to animal
welfare and the negative impacts of animals on the environment (Brooke 1990).
The impact of so-called ‘organic’ agriculture trends on animal production is difficult to predict. Organic
agriculture is the fastest growing sector of agriculture reflecting consumer belief, largely unsubstantiated,
that the use of synthetic chemicals and fertilizers is responsible for ill-health of the environment and
humans. Alternatives to anthelminthics, insecticides, antibiotics, and growth promotants (discussed later)
will be required if organic animal production systems are to be developed.
Vegetarianism, the animal rights movements, campaigns against native animal consumption, outbreaks of
animal diseases, concerns over chemical residues in animal products and of the impact of animal practices
on environmental outcomes, will all impact on the public acceptability of animal production practices in
the future. Until there is widespread acceptance of the impact of the consumptive habits of all individuals
on the environment (as expressed in the useful concept of ‘ecological footprints’ espoused originally by
Wackernagel and Rees (1997)) and an economic structure that allocates the costs appropriately, there will
continue to be disproportionate pressure on primary producers to bear the costs of ecological sustainability
and increasingly, the social costs of animal production.
Economic viability
Animal enterprises will continue to be faced with a declining terms of trade of approx. 2% per annum.
Increased production per unit input (of land, labour, fertiliser, feed, water, breeding animal) will depend
on application of existing and new technologies in animal genetics and breeding, pasture management,
pasture plant breeding, nutrition, reproduction, disease amelioration, parasite management, and housing.
A trend away from bulk commodities to niche market opportunities (eg ultrafine wool, saltbush mutton,
organic milk, organic beef, nutrient-enhanced eggs etc) will continue, as will increasing value-adding to
animal products to capture more of the economic benefits up the value chain. Vertical integration as a
means of quality assurance and ensuring economies of scale is likely to apply to more animal production
systems than previously. Increased value-adding and vertical integration by more corporatised animal
industries is likely to have animal welfare and environmental consequences which will have to be
addressed.
Ecological sustainability
A strong factor mitigating against ecological sustainability that is common to most western agricultural
producing nations, is the heavy involvement of the “input” sector which has little interest in promoting or
developing processes or systems that are environmentally-benign. Another is that western agricultural
science for the past 50 years or so has been dominated by ‘scientism’, with its reliance on reductionism
and compartmentalisation, concepts that are distinctly anti-ecological.
An ecologically sustainable system can be described as one that has the properties of a natural system.
The principles underlying the ability or inability of agricultural ecosystems to ‘mimic’ natural ecosystems
are discussed in detail in a series of papers in Lefroy et al. (1999). The essentials of a sustainable system
are: negligible erosion of the soil, balanced leakage of water and solutes (salt in = salt out; water in =
water out), no persistent toxicity; and control of pests and weeds. These attributes result in resilience of
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the system (ie the ability to recover from disturbances). To achieve these ends the lessons from natural
systems are:
- a need for persistent ground cover and minimal soil disturbance
- the presence of deep-rooted perennials which allows capture of water that has escaped the roots of
annual plants when rainfall exceeds evaporation
- seasonal release of nutrients mediated by microbial activity that match the nutritional demands of
plants thus promoting tighter cycling and minimal nutrient losses
- adequate biodiversity above and below the ground to ensure that turnover of nutrients in the soil
are met; that biological control of pests and diseases is achieved; and that risk caused by extremes
of weather are minimized
- a mosaic nature of land to ensure that patches of land are treated on the basis of their natural
properties rather than on artificial survey basis.
(Passioura 1999).
The extent to which our current and future grazing systems meet these criteria needs examination.
Simplistic assumptions for example that simple systems cannot meet these criteria, or that persistent and
‘stable’ perennial polycultures are inherently less productive than simpler systems, may not withstand
close scrutiny.
It is perhaps not surprising that application of reductionist science within a framework of overly-simplistic
economic analysis has resulted in unsustainable modern agricultural systems. The real question is: have
we learnt from the past and what technologies can we apply to ensure sustainable production in the
future? The following sections consider some selective examples of what I believe are likely to be key
issues around sustainability of the major animal industries.
SOCIAL ACCEPTABILITY OF ANIMAL PRODUCTION PRACTICES
Much of the public concern about the acceptability or otherwise of animal production systems focuses on
perceptions of overcrowding, overuse of medications, high technological input, lack of freedom to exhibit
normal behaviour, pollution (both effluent and gases), and poor product safety. Potential solutions to at
least some of these issues are now considered.
Animal welfare in intensive systems
Of all animal enterprises the farming of layer hens in battery systems and the intensive production of
broilers are perhaps the least sustainable in social-acceptability terms, with community concerns about
animal suffering, environmental pollution, perceptions that hormones are used in production, and
implication in the transfer of antibiotic resistance to human pathogens. Ethical concerns in the layer
industry relate to the inability of birds to display natural behaviours in a factory farm (battery cage)
environment (Albrecht 2001).
During the past 75 years the application of technologies in the poultry industries has resulted in
spectacular responses in both layers and broilers. Modern broilers grow 4 times faster and have an 8-fold
increase in breast muscle growth (Havenstein et al. 1994) compared to "layer" and control lines. Layer
hens now produce 3-times more eggs/bird/year (Burt 2002). These advances have been accompanied by
serious ethical and welfare consequences. Problems include reduced immune function (Dunnington et al.
1987) and major musculo-skeletal (Thorp 1994) and metabolic disorders (Scheele 1997). Sandercock et al.
(2001) has proposed that the rapid growth rate and muscle yield in modern broilers has detrimental effects
on muscle function and membrane integrity and may be due to genetically-induced alterations in muscle
fibre status. The most serious welfare problem in broiler production is the high incidence of skeletal
disorders, particularly leg problems. More than 90% of commercial broilers have detectable gait
abnormalities at market age and in about 30% of birds those abnormalities are high to severe, sufficient to
compromise their welfare (Kestin et al. 1992). Birds with severe leg problems may weigh less because
they have difficulty competing for food and water (Kestin et al. 1992). In layer-type hens there has been
an increase in osteoporosis (Burt 2002). The egg and broiler sectors are therefore coming under
community pressure to develop alternative, less intensive systems of production. These include the use of
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more fibrous diets and free range systems to allow freedom of movement and reduce physiological stress
on birds resulting from rapid growth. Rapid growth of broilers is wrongly perceived by consumers as
being the result of the use of growth-stimulating hormones. While this does not appear at present to
translate to purchasing decisions it may well do so as the new crop of consumers with a greater
consciousness of food-safety and animal ethics enter the market.
Technological solutions to these problems centre around increasing broiler activity in order to decrease
skeletal problems, for example by increasing space between feeders and drinkers, manipulating lighting,
providing additional space and perches (Mench et al. 2001). When broilers are fed a ‘free range’ type diet
that has a lower energy density and higher fibre content than conventional broiler diets, the activity of the
birds increases, offering a potential solution to leg weakness problems. Of course the cost will be reduced
growth rates, lower feed conversion efficiencies and increased costs of production.
It is anticipated that in the next few years an international campaign will be mounted by organizations
criticising the intensive broiler industry for the high level of welfare problems arising from rapid growth
(Mike Appleby (CEO Humane Society USA with 8 mill. members) in a personal communication with Dr
Phil Glatz, Pig and Poultry Production Institute). The challenge for the industry will be to meet the
inevitable pressure from welfare groups, to develop alternative, less-intensive systems of broiler and layer
production that are not only socially-acceptable but also economically-viable.
As broiler birds approach biological limits to growth rate and efficiency, further gains in productivity will
presumably come from achieving these high efficiencies at reduced feed costs by using alternative,
cheaper sources of protein and energy. Genetic resistance to pathogens will become an important goal
The trend in pig production is towards less-intensive systems that are perceived to be more ‘animalfriendly’. Often, however the changing of an animal practice perceived to be unacceptable from an animal
welfare viewpoint results in a plethora of new animal welfare or health problems. Group housing of dry
sows, for example, results in an increase in aggressive behaviour and social stress. The increasing use of
straw-based ecoshelters that allow the pigs to move freely and display many natural behaviours such as
burrowing, may also result in an increase in respiratory problems. Farrowing crates that allow greater
movement of the sow, with the option to turn around and to display ‘nest building’ activity have been
developed (Weber 2000). No decline in reproductive performance is reported with these systems (Weber
2000), suggesting that the dual objectives of social acceptability and economic viability may be met.
Animal welfare in the sheep industries
A number of sheep production practices are coming under, or are likely to come under, increasing scrutiny
from the public with regards animal welfare. These include mulesing, castration, tail docking, transport,
and abattoir practices. Alternatives to mulesing have been sought for some time and have included
attempts at permanently removing the wool from the breech using caustic preparations (Morley 1949),
bombardment with high-energy electrons (Sorrel et al. 1990), phenol treatment (Pratt and Hopkins 1976)
and application of cationic compounds (Chapman 1993). Unfortunately these treatments cause
considerable damage to the skin, are unsafe for the operator, or are simply not practical for field
application. Currently three different options are being tested; one is based on application of a lightsensitive amino acid mixture to the shorn skin on the breech followed by high intensity light treatment
(Alan Brownlee pers. comm.) to destroy the follicles and thereby render the breech hairless. A second
method aims to permanently remove the follicles from the skin (Phil Hynd and Natasha Penno unpubl.),
again rendering the breech hairless. It remains to be seen whether these treatments reduce wrinkle or
whether depilation alone is sufficient to prevent blowfly strike. Alternatives to mulesing must meet the
following criteria: be safe to the operator, cheap, easy to administer, and equally effective to mulesing at
preventing breech strike. It remains to be seen if either of these alternatives meets these criteria. A third
possibility is to breed sheep that are naturally bare around the breech (Peter James, SARDI Livestock
Systems, pers. comm.). The phenotypic variance and heritability of bare area, and the genetic association
of bare area with other economically-important traits are being determined. Provided there are no adverse
associations of bare area with other traits, selection and breeding of sheep which do not require mulesing
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is an attractive possibility. Similar research is being conducted in New Zealand (see paper by D. R.
Scobie- this conference).
Development of an alternative to tail docking in merino sheep, namely the breeding of sheep that naturally
have a short tail, would have significant advantages from the point of view of animal welfare concerns,
and a reduction in infection caused by marking wounds (James et al. 1990). While such tailless sheep exist
(James et al. 1990) there are reports that tailless-ness is associated with genetic disorders such as
embryonic mortatility and ‘rear end disorders’. The mode of inheritance of taillessness appears to be
through a small number of genes of large effect but its genetic association with other production traits
remains to be determined. As pressure mounts on practices such as lamb marking, further studies of the
potential for developing a tailless strain of Merino may be warranted.
Animal welfare in the dairy industry
Dairy production systems in which the cows are housed continuously or for long periods of time will face
the same challenges as the pig and poultry industries with regards housing. These include issues such as
space required per animal, ventilation, design of and access to feeding and watering troughs, natural and
artificial lighting, flooring materials, bedding, and safety for animals and farm workers (Dolezal 2000).
Many of the issues that will confront the dairy industry are analogous to those of the chicken meat
industry 10-20 years ago, namely increasing corporatisation, vertical integration (ownership of genetics,
feed, cows), contract production, intensification, large scale of production, and high technical input.
Whilst the economic sustainability of such corporatisation might be secure, some aspects of animal
welfare, social acceptability, and environmental concerns are likely to come to the fore. For example what
will be the public perception of a highly-corporatised dairy industry in which large corporations own say 5
or more herds of 1500 to 2000 cows per herd and farmers will own the land and provide labour. The dairy
company will invest in the genetics, cows and feed and dictate management.
Public concerns regarding the safety of animal products
Fresh meat is often viewed as a vehicle for a significant proportion of human food-borne disease, and this
perception has undoubtedly been reinforced by the outbreak of Bovine Spongiform Encephalopathy
(BSE). Fresh meat is referred to as the food in which consumer confidence has decreased most in the past
decade. The spectrum of meat-borne diseases related to public health changes with production and
processing systems, but in general relates to E. coli 157:H7, Salmonella spp., Campylobacter spp. and
Yersinia enterolitica. Primary production is a significant source of hazards associated with fresh meat and
there will be an increasing demand for provision of information on animals intended for slaughter. This
will require implementation of risk-based meat hygiene programmes.
ECOLOGICAL SUSTAINABILITY OF ANIMAL PRODUCTION SYSTEMS
Is sheep production an ecologically sustainable activity?
Sheep production in Australia has contributed significantly to the economy for almost 200 years and
continues to produce export earnings of over $4bill. pa (ABARE 2001). However of all the animal
industries, it is perhaps the sheep industry that is singled out for harshest criticism from environmental
groups. Sheep, it is argued, are responsible for destruction of the rangelands as a consequence of their
hard hooves causing soil erosion, camping behaviour causing nutrient redistribution, and selective grazing
causing species removal and reduced biodiversity. A full analysis of the impact of grazing sheep on
ecological sustainability of rangelands and cropping regions is beyond the scope of this paper. However,
it can be argued that appropriately-stocked and managed sheep grazing systems fulfill many, if not all, of
the criteria of replacers of the original large herbivores that were extant on Aboriginal arrival in this
country (Flannery 1996). Sheep are well-adapted to many Australian climatic zones, and are extremely
efficient at collecting and converting low-nutrient, high-fibre herbages into-high-protein, high-value
products. If they can do so whilst at the same time achieving the requirements of ecological sustainability
outlined above, they represent an ideal component of pastoral and cereal zone land use in Australia.
While kangaroo farming/harvesting may superficially appear a better alternative to introduced species
(Grigg 2002 this conference), our definition of sustainability precludes activities that are unprofitable, and
at present the market for kangaroo products is small (and indeed may always be problematical because of
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emotive attitudes of global consumers to cute native animals). The safety of animal products harvested
from the wild may also become an issue. Nevertheless a combination of opportunistic native animal
harvesting with lower density ruminant production systems may be more sustainable than a single species
system. Evidence that roos and sheep have a degree of complementarity of diet selection and quite
possibly different parasite burdens, supports this notion.
Greenhouse gas emissions from ruminants
Ruminant livestock produce approx. 50% of the anthropogenic methane emissions in Australia, equivalent
to 2.8mill. tonnes annually (Klieve and Hegarty 1999). Methane emissions per unit of GDP are higher for
the livestock sector than for any other sector (Howden and Reyenga 1999). If taxes on carbon emissions
are implemented and no new technologies to reduce methane production from livestock are introduced,
the ruminant industries in Australia will be under threat. There are several potential technologies that
might be used to reduce greenhouse gas emissions from ruminants. They include:
• manipulation of diet (McCrabb and Hunter 1999).
• encouragement of acetogenic microbes to outcompete and displace methanogens (Joblin 1999)
• vaccination of ruminants against their methanogenic bacteria (S. Baker pers. comm.)
• selection of animals that appear to produce less methane per unit of feed intake (Lassey et al.
1997)
• defaunation of the rumen (Hegarty 1999)
As for many aspects of sustainable agriculture the solution to problems is often found in application of
systems approaches rather than technological ‘fixes’ based on chemical manipulation of specific pathways
or microbes. Any practice that increases the efficiency of production per unit input allows a reduction in
stocking rate with direct impact on gas production per hectare or per unit animal product. For example,
changing from Autumn to Spring lambing in southern Australia results in an increase in returns per unit
emission of 15 to 20% providing an opportunity to reduce stocking rate and gas emissions without
financial penalty (Howden et al. 1996). Greater sustainability of animal production would arise both from
increased efficiency of energy use (profitability and/or stocking rate reduction) as well as reduced gas
emissions Alternatively the diet of ruminants might be manipulated given the wide ratios of methane
output per unit of gross energy between forages and between grains versus forage (McCrabb and Hunter
1999). These authors reported a close negative relationship between liveweight gain and methane output
suggesting that increased growth rates by grain feeding or better pastures would serve the dual role of
increasing productivity and reduced methane production. The possibility of breeding pasture plants that
contain compounds that inhibit rumen protozoa and thereby reduce the population of ciliate-associated
methanogens is also worthy of investigation.
Interestingly the contribution of native herbivores to greenhouse gas emissions is not considered to be part
of the anthropogenic gas emissions, despite the fact that native animal populations are manipulated by
humans. Cynically one could see this as an opportunity to ‘meet Kyoto protocols’ by replacing sheep
production with harvesting or farming of kangaroos, although one wonders how the climate distinguishes
between greenhouse gases from native versus introduced animals.
Reduced chemical use in animal production
There are two reasons for urgent attention to developing alternatives to chemicals used to control
endoparasites in sheep. The first relates to consumer concerns about chemical residues in animal
products, and the second is the rapid development of worms that are resistant to the anthelminthics
(Waller 1994). There are a number of alternatives to using synthetic chemicals to eliminate or reduce the
impact of worms on sheep and cattle production. They include genetic selection for animals that are
tolerant of parasites; development and release of pasture plants that suppress the activity/severity of
parasitic infection; development of ‘plant-derived’ compounds with parasitocidal activity, and
development of vaccines against parasites.
Large differences in the ability to resist parasitic infection between animal species, breeds, strains and
individuals, raises the possibility of judicious use of resistant species, mixed grazing of two or more
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species, breed substitution, or within-breed selection. The latter is often the only practical and economic
option, and breeding programs that increase the resistance of sheep to worms and reduce the number of
chemical interventions, have been shown to be successful (Woolaston and Baker 1996).
The potential use of pasture plants that have anthelminthic activity is a relatively recent and interesting
concept. Research in New Zealand has shown that condensed tannins found in certain pasture plants such
as Hedysarum coronarium (sulla), Lotus pedunculatis, and Lotus corniculatis can have a dramatic effect
on intestinal and abomasal parasite numbers (Niezen et al. 1995). Parasitised lambs grazing sulla for
instance had 58% lower worm burdens than similar lambs grazing lucerne. That this effect is due to the
condensed tannins and not some other component of the plant, was confirmed by simultaneous provision
of polyethylene glycol which neutralizes the tannins (Molan et al. 2000). The effects of the tannins on
nematodes may be direct or indirect. Direct effects include inhibition of motility (Molan et al. 2000),
reduced enzyme activity (Fakae et al. 2000), reduced development and impaired reproduction (Konig et
al. 1994; Mori et al. 2000). Indirect effects of the tannins such as increased protein supply to the
intestines, or a change in the mucosal epithelium, may also play a role. Presumably worms will develop
resistance to the direct anthelminthic effects of tannins and further research on incorporating pasture
tannins into worm management programs is required.
Tannins are not the only plant-derived compounds with anthelminthic activity. Table 1 lists the range of
phytogenic compounds found to inhibit nematode activity or viability. Most studies of the antinemic
properties of plant extracts have concentrated on soil nematodes and few have investigated the effects on
gastrointestinal nematodes.
Table 1. Some naturally-occurring plant-and fungal- derived compounds with anthelminthic activity
Class
Polyphenolics

Compounds
condensed tannins
proanthocyanidins

Essential oils

terpenes
eugenol
terpenoids (ascaridole)
α-thujone
sesquiterpene lactones
cylcodepsipeptides
sedanolide
isoflavone glycoside
vernoniosides
triterpenoid saponins

Peptides
Pthalides
Glycosides

Typical sources
Lotus spp.
Hedysarum coronarium
Chenopods
Ocimum spp.
Chenopodium ambrosoides
various
various
Mycelia sterilia
Apium graveolens
Solanum spp.
Vernonia amygdalina
Acacia spp.

The fact that animals acquire immunity to helminth parasites raises the possibility of developing vaccines
against parasitic antigens (Smith 1999). Several potential antigens are under investigation, including
surface oncosphere proteins, excretory/secretory products and gut membrane proteins. The latter seem to
be highly-effective against haematophagous parasites such as Haemonchus. contortus. Use of glutathione
S-transferases as antigens also appears to hold promise against liver flukes (Fasciola hepatica).
Vaccination against helminth parasites is likely to become a major step towards sustainable ruminant
production.
Widespread chemical use in the sheep industry is coming under increasing scrutiny from domestic
consumers and overseas markets with concerns centring on residues in food products, residues entering
waterways following early stage wool processing, and a general increasing interest in what are perceived
to be ‘environmentally-friendly’ practices. As for the anthelminthics, resistance to many of the
ectoparasiticides is increasing at an alarming rate (Levot 2000) and alternatives may not be developed in
time.
Integrated Pest Management programs aim to increase the genetic resistance of the host, improve the
management systems, use biological or physical control methods, and use chemicals selectively and
minimally. For each ectoparasite there appears to be opportunities for these IPM principles to be applied..
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The high genetic correlation of flystrike with fleece rot incidence means that progress can be made
towards development of flystrike resistant sheep provided climatic conditions conducive to fleece rot
prevail. Molecular genetic markers for resistance would be an ideal means of selection. James et al.
(1998) has demonstrated variation in resistance to the sheep body louse within and between breeds of
American sheep and, more recently, Merinos. A favourable correlation between fecal egg count and louse
susceptibility raises the possibility of simultaneous selection for louse and worm resistant sheep. Again,
genetic markers associated with louse resistance would be an ideal means of selecting resistant sheep.
Few biological or physical methods are extant for lice control. Trapping offers some opportunities for fly
control, and 2 parasitoid wasps have been released in New Zealand to control blowfly numbers.
The successful development of a vaccine against the cattle tick (Frisch 1999) raises the prospect of
development of vaccines against the sheep blowfly (Tellam and Bowles 1997) and also the sheep body
louse (James 1999). Immunisation against ectoparasites would be an attractive component of an IPM
program.
Alternatives to antibiotics in animal diets
Public concern over the use of antibiotics in livestock production is based on the likelihood of residues
being present in edible animal products, and of antibiotic resistance passing to human pathogens. This has
led to the banning of a number of antibiotics in the European Union which has placed increasing pressure
on the development of alternative means of suppressing animal pathogens (14% of all antibiotic use in the
EU) and for replacing feed additive antibiotics as growth promotants (36% of all antibiotic use in the EU).
Alternatives to antibiotics in livestock production include:
• adoption of stringent disease prevention measures such as batch production (eg all-in-all-out), age
separation, biosecurity routes, optimal nutrition and temperature
• development of vaccines to prevent bacterial infection (eg vaccine against coliforms in piglets)
has eliminated diarrhoea in piglets
• use of probiotics (one or more species of microbes that modify the intestinal milieu and thereby
improve feed efficiency), prebiotics (indigestible carbohydrates that promote the growth of
favourable microorganisms), organic acids (such as propionic acid, acetic acid, formic acid, citric
acid and tartaric acid that promote lactic acid fermentation), enzymes to assist in the digestion of
components of the ration.
Increasing evidence for instance suggests that the incidence of Salmonella infection depends on the
carbohydrate type, feed structure and feed processing (Bach-Knudsen 2000). By feeding appropriate
combinations of hemicelluloses and lactose, for example, the lactose reaches the small intestine
encouraging proliferation in the small intestine so that pathogens such as Salmonella, cannot establish.
Tannins are important regulators of microflora in the digestive tract of ruminants and other herbivores,
and act as natural antibiotics particularly against E. coli (Begovic 1978). Recent studies of a range of
medicinal plants indicated that phenols, tannins and flavonoids were responsible for a significant broadspectrum antimicrobial effect (Iqbal-Ahmed et al. 2001). Triterpenoids, extracted from Heilotropium
ellipticum, were found to possess the widest spectrum and highest level of antimicrobial activity, often
comparable with that of reference antibiotics (Jain et al. 2001). Beta-amyrin showed mostly antibacterial
activity, while beta-amyrin acetate was more active agains fungi. Essential oils extracted from various
plants also exhibit antimicrobial activity, even against those microbes that have developed resistance to
therapeutic antibiotics. Plant-based antimicrobial agents can significantly increase growth performance in
finishing pigs (Bae et al. 1999).
Disposal of pig carcases
Disposal of carcases in pig enterprises is an increasing challenge for the pig industry given environmental
concerns regarding pollution of groundwater and air. A typical 5,000 sow farrow-to-finish farming
system with mortalities of 7%, 10%, 5%, 1% and 1% in the sow, neonatal, nursery, growing and finishing
herd respectively, produces more than 100,000kg of dead pigs per annum. Burying, incinerating or
497.

Anim. Prod. Aust. 2002 Vol. 24: 490-499

rendering are becoming less acceptable from an environmental viewpoint, and composting and
fermentation are becoming increasingly attractive. Merging of industries such as farming of crocodiles
near pig farms in some environments might allow carcases to be disposed of via another industry. The
emphasis should not be on getting rid of dead pigs, but turning them into profit.
Sustainable grazing systems
Many of the ecological issues around animal production in high-rainfall zones in Australia are related to
pasture persistence, water use efficiency, and nutrient capture. In contrast to the common perceptions that
sustainable grazing systems require a high diversity of plant species in the sward, low fertiliser input and
prescriptive grazing regimes, Scott et al. (2000) present the case that sustainable grazing systems require a
soil/plant system that uses water efficiently (reducing run-off and nutrient loss), pastures dominated by
nutrient responsive, deep-rooted perennial grass and legume, with high plant production per hectare, high
stocking rate and high animal production per hectare. High water use efficiency in such enterprises is
achieved by high pasture consumption per hectare, high stocking rates and high milk production per cow
(Doyle et al. 2000). At least for these regions it appears that high financial return and some aspects of
ecological sustainability (in this case water use efficiency) may be attained simultaneously.
CONCLUSIONS
Animal production in Australia in general has been based on systems that have achieved economic growth
and prosperity through increasingly intensive, high-input systems of production of largely untransformed
commodities. Our heavy reliance on non-renewable resource inputs, chemotherapeutic approaches to
parasite and microbial control, and uniformity of the genetic base of most of our livestock species, is now
showing unequivocal signs of inadequacy. Parasites have become resistant to most of our chemical
arsenal against blowflies, lice, ticks and worms; microbes resistant to antibiotics added to animal feeds are
thought to be conferring resistance to human pathogens; genetic diseases have been disseminated widely
in several species; effluent outflows from intensive systems are polluting waterways; soil degradation
from salinity, sodicity, acidity and erosion is increasing; and we are becoming aware of new threats to the
environment and to climate, some of which are directly attributed to animal production. Simultaneously,
domestic and international consumers are becoming increasingly concerned about the environmental
consequences of animal production, the safety of animal products, the ethics of animal farming, and
welfare aspects of some animal production systems. However, animal production systems that
simultaneously achieve high levels of animal welfare, are acceptable to the public at large, and that are
produced in an ecologically sustainable manner, are likely to be more expensive. If consumers continue to
make purchasing decisions largely based on price, the global marketplace dictates that we will import
animal products and transfer our ecological and animal welfare footprint elsewhere. (Wackernagel and
Rees 1996). Animal producers in this country will become increasingly impoverished and their
stewardship of the land unsustainable. If, on the other hand, Australians genuinely wish to contribute to
creating landscapes that are “perennially-peopled and productive” (Passioura 1999) we need to adopt
principles and practices that allow all sectors of society to share not only in the economic and noneconomic benefits of animal production, but also in the costs.
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‘GET BIG OR GET OUT’: IS THIS MANTRA STILL APPROPRIATE FOR THE NEW
CENTURY?
S. HOOPER, P. MARTIN, G. LOVE
Survey Analysis Section, ABARE, GPO Box 1563, Canberra ACT 2601

INTRODUCTION
In the years up until the mid-1980s the statement ‘Get Big or Get Out’ was frequently used when
discussing the future of Australian farming, particularly in the broadacre sector. Many Australian
farmers, with the help of their bankers, enthusiastically adopted this mantra and set about expanding
the scale of their farm businesses as quickly as possible. Grain prices fell in 1985 and interest rates
rose, resulting in many of these farms having high debt, low farm equity and poor debt-servicing
capacity. It was to be the beginning of the end for some of these businesses. Many of the debt
problems faced by farm businesses in the 1990s originated from farm expansion in the 1980s. This
pattern of expansion followed by difficulty managing farm debt had been repeated many times over
the past half century.
Since the early 1990s much of the focus in Australian agriculture has been on improving farm business
management, with most of this effort aimed at avoiding problems such as those mentioned above. The
emphasis has shifted from ‘Get Big’ to ‘Get Smart’. Nevertheless, in many cases farm businesses can
enhance their economic viability in the long term by a well managed shift to a bigger operation - it can
be ‘Smart’ to get ‘Big’. This article draws on ABARE research to examine the relationship between
farm size and farm performance in the broadacre sector of Australian agriculture.
FARM NUMBERS AND FARM SIZE
Ownership of Australian farms is overwhelmingly dominated by family businesses. Information from
ABARE surveys indicates that over 99 per cent of farms in the broadacre and dairy sectors were
family owned and operated in 1999-2000.
Over time, falls in real agricultural prices have meant that some farms, particularly those with low
productivity growth, can no longer provide sufficient returns to sustain production or, ultimately,
provide adequate family incomes. Over the past four decades this has led farmers to expand their
operations, providing a larger earning base by buying or leasing more land from other farms, resulting
in a steady decline in the number of farms operating in Australia.
Over the past forty years the number of ‘commercial’ farms in Australia almost halved, from around
200 000 in 1961 to just over 100 000 in 2001. Over the same period the average area of land operated
by these farms increased by almost 50 per cent from 2 800 hectares in 1961 to around 4 100 hectares
in 2001 (Figure 1). Change in farm numbers and farm area occurred incrementally rather than
catastrophically as farmers continually adjusted the size and nature of their operations in response to
changes inherent in an open market economy.
In contrast, the number of ‘subcommercial’ farms has increased over time (see Box 1 for definitions).
While the contribution of these farms to the gross value of agricultural production is estimated by the
Australian Bureau of Statistics to be small (less than 5 per cent) they manage a significant quantity of
relatively high value, productive land and make a substantial contribution to communities. Many of
these farms are located in the high rainfall zone, near-urban locations.
Not having access to equity funding, the capacity of family farms to expand is limited by the profits
they can generate and the funds they can borrow. Expansion for small and even medium-sized family
farms is difficult, slow and, in many cases, impractical. Over recent decades, many operators of
smaller commercial farms have sought more intensive land management pursuits or have turned to offfarm income as an alternative to farm expansion.
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Figure 1. Average area operated per farm (Australian commercial farms).

Box 1: Defining Australian farms
Commercial farms are generally defined by the Australian Bureau of Statistics (ABS) to be farms
with an estimated value of agricultural operations (EVAO) of $22 500 or more. There were 111 326
agricultural establishments (farms broadly) at 30 June 2000 according to the ABS.
Subcommercial farms are establishments with some agricultural activities but with an estimated
value of agricultural operations of less than $22 500. The ABS estimates that these establishments
contribute less than 5 per cent of the gross value of agricultural production. However, in 2000 these
farms operated almost 16.6 million hectares of land, an area almost a third greater than that planted to
wheat, Australia’s most important crop. Typically families operating or residing on these
establishments derive the majority of their income from off-farm or nonfarming activities.
In 2000, there were 33 674 establishments in Australia with an EVAO of less that
$22 500 but more than $5 000. Generally, statistics are not collected for establishments with an EVAO
of less than $5 000. The majority of establishments below $5 000 EVAO are essentially ruralresidential establishments and generate negligible levels of agricultural output.

FARM SIZE AND FINANCIAL PERFORMANCE IN THE BROADACRE SECTOR
When ranked by farm area operated, the farm cash income (a measure of net cash flow defined as total
cash receipts less total cash costs) of the largest third of farms has consistently been three to four times
greater than the smallest farms (Figure 2).
Of greater significance is the fact that the smallest third of farms (ranked by area operated) have not
once in the past 25 years achieved a greater rate of return than the largest farms (Figure 3). On
average, larger farms have earned a positive rate of return in all years except 1982-83, a major drought
year throughout Australia.
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Figure 2. Farm cash income of the largest and smallest third of farms in the broadacre industries (ranked
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Figure 3. Rate of return of the largest and smallest third of farms in the broadacre industries (ranked by
area operated).

However, physical area operated is not necessarily the best measure of the size of farm businesses due
to variation in productive capacity of the land and differences in the intensity of land use.
The effective scale of operation of a farm can also be measured using the value of production or a
physical measure of farm enterprise scale. In this article, sheep equivalents are used as a measure of
the scale of operation of farms. The sheep equivalents measure for a broadacre farm is calculated as
the sum of the number of sheep on hand at 30 June, eight times the number of beef cattle on hand 30
June, twelve times the number of dairy cattle on hand 30 June and twelve times the area cropped. This
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measure overcomes many of the difficulties of comparing areas of land with differing productive
capability. Also, it has the advantage over financial (turnover and value of production) measures that
are influenced by variability in commodity prices over time.
However, regardless of the method used to rank farm size, the results observed in terms of farm
financial performance are consistent. That is, there is both an income and a rate of return advantage to
being big (Table 1).
‘GET BIG OR GET OUT’ AXIOM
Farm businesses increase their scale of operation by purchasing or leasing additional land and by
working the existing land more intensively. By increasing the land use intensity of the existing land
base and the productivity of the enterprises undertaken, producers can significantly improve
profitability and rates of return.
For example, implementation of the brucellosis and tuberculosis eradication campaign (BTEC) in the
1980s provided the initial stimulus to more intensively managed beef production systems on the large
pastoral holdings of northern Australia. Further, northern Australian beef producers have been able to
improve profitability by increasing the turnoff rate in response to the developing live cattle trade and
expansion in the feedlot and grain finishing sectors, increasing branding rates, reducing deaths,
improving the herd genetics and health. Productivity has also been greatly enhanced by the
introduction of a higher proportion of bos indicus cattle to northern herds.
Particularly in the cropping and to a lesser extent in the broadacre livestock industries, larger farms
have generally been able to capture more benefits from new technologies and have achieved much
higher growth in total factor productivity over the past two decades. Higher productivity growth for
larger farms has been very important in improving the financial performance of large farms relative to
that of smaller farms.
Table 1. Average financial performance of Australian farms, 1990-91 to 1999-2000.
Small farms a
Average Top 25 % d
Wheat and other crops
Farm cash income
$
Farm business profit
$
Rate of return
%

Medium farms b
Average Top 25 % d

Large farms c
Average Top 25 % d

All farms
Average

42417
-6403
0.6

104622
50800
8.5

88528
17898
3.7

172461
105129
12.6

170287
67479
5.9

334154
238611
13.4

97355
24567
4.1

Mixed livestock-crops
Farm cash income
Farm business profit
Rate of return

$
$
%

21151
-24339
-2.6

54278
9796
3.1

43619
-16869
-0.1

89728
30865
5.2

94001
11460
2.5

162950
85384
6.9

50812
-10906
0.8

Sheep
Farm cash income
Farm business profit
Rate of return

$
$
%

2426
-35072
-4.1

36658
5609
2.2

16954
-30669
-2.0

70088
25800
3.5

37544
-21997
0.5

113481
53090
4.2

17351
-29882
-1.2

Beef
Farm cash income
Farm business profit
Rate of return

$
$
%

6265
-36953
-3.8

33152
3432
1.3

19149
-26264
-1.5

39831
17170
2.6

62419
12467
1.6

160947
167395
5.9

27042
-18917
-0.4

Sheep-beef
Farm cash income
Farm business profit
Rate of return

$
$
%

2535
-36706
-4.7

53366
7572
1.7

22077
-26605
-1.5

68016
35140
4.0

50022
-5080
1.2

145131
153721
5.9

22448
-24369
-0.7

a Small: the first third of farms ranked by size as measured in sheep equivalents. b Medium: the next third of farms ranked by size
measured in sheep equivalents. c Large: the top third of farms ranked by size measured in sheep equivalents.
d Ranked by rate of return (adjusted to full equity).
Note: All estimates are expressed in 2000-01 dollars. Data presented are for farms that have continually been in the survey
for a period of three years or more. Three year moving averages of their rate of return to capital (adjusted to full equity)
have been used to classify farms to the top performing category. The average of the farm performance of these farms
was calculated for each year. These annual values were then averaged to obtain the ten year average values.
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TRENDS IN LAND TRANSACTIONS
Since 1998-99, the number of broadacre farms purchasing or leasing additional land increased to the
highest level since ABARE started surveying broadacre farms in 1977-78. Around 6.5 per cent of all
broadacre farms increased the amount of land they operated in 2000-01, up from a figure of around 4
per cent in the mid-1990s (Figure 4). Significantly, it was not just larger farms expanding. ABARE
survey data indicate that farms across the entire size spectrum were actively acquiring land in 2000-01.
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Figure 4. Land transactions

In the mid-1980s the average area purchased by broadacre farms that were increasing the amount of
land operated peaked at around 3 000 hectares per farm. While fluctuating in the 1990s, the downward
trend in average area purchased is clear (Figure 4). This largely reflects the general increase in the
profitability of broadacre agriculture across all scales of operation, leading to the opportunity for
smaller farms to expand, resulting in a high volume of smaller land transactions.
The industries in which expansion occurs change over time, with changes in profitability, resulting
from the relative changes in the price of commodities, seasonal conditions and productivity growth
and with changes in expected future returns.
During the 1990s, cropping industries accounted for an increasing proportion of purchases, as
favorable cropping returns encouraged producers to expand the amount of land devoted to crops.
Steady demand for additional land in the beef industry during the 1990s and early 2000s has been
stimulated as producers in northern Australia responded to the development of, and steady growth in,
the live cattle and slaughter export markets.
Many transactions occurred after the wool floor price scheme was removed and the sheep industry
entered a decade of decline, forcing some producers from the industry. However, in recent years, signs
of a recovery in wool prices and continued strengthening in lamb and mutton prices have resulted in
sheep and sheep-beef industry farms purchasing sizable areas of land (Figure 5).
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Figure 5. Total area acquired by expanding farms, by industry

CHARACTERISTICS OF EXPANDING FARMS
ABARE survey estimates show that at practically any scale of operation, the more efficient and
profitable farmers tend to be expanding farm area, while those who are managing less profitable
operations tend to be the ones contracting farm area.
Producers who expanded their area operated in 2000-01, on average earned higher farm business
profits and rates of return on their capital in the previous year. Also, the land that these producers
operated in 1999-2000 was more productive (as indicated by wheat yields, lambing rates and wool clip
per head shorn) than the less profitable producers who disposed of land in 2000-01 (Table 2).
Profitability is a major factor influencing decisions to change farm size. However, another reason is
the age of the farm’s operators. Generally, producers reducing the area they operate are older. In 200001, the average age of producers disposing of land was 11 years greater than the average age for those
acquiring land (table 2).
As a proportion of the existing farm’s land base, the additional land typically represented an expansion
of 13 - 30 per cent, irrespective of the farm’s initial scale of operation (table 3). A large proportion of
these farms acquired land of a lower value than their existing farms, suggesting that, on average, they
may be buying land that was relatively less productive than that which they already operated.
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Table 2. Physical and financial characteristics in 1999-2000 of farms whose area operated contracted,
expanded or remained constant in 2000-2001 (values in parentheses are relative standard errors,
expressed a percentage of the estimate provided)
Farms decreasing
Farms with
Farms increasing
land area
unchanged land area
land area
Characteristic
Age of operator
years
56
(3)
54
(1)
45
(4)
Area operated at 30 June
ha
5 518
(119)
6 490
(9)
4 235
(36)
Average value of land at 30 June
$/ha
246
(111)
211
(9)
311
(56)
Area sown to crops
ha
198
(42)
319
(4)
315
(25)
Livestock on hand at 30 June
- sheep
no
1 854
(51)
1 591
(4)
1 831
(44)
- beef cattle
no
320
(99)
329
(6)
329
(133)
Wheat yield
t/ha
2.1
(26)
2.1
(4)
1.9
(15)
Wool cut per head
kg
4.2
(8)
4.7
(1)
4.6
(16)
Lambing rate (a)
%
78
(18)
82
(2)
88
(7)
Farm cash receipts
$
197 295
(29)
227 605
(8)
268 422
(46)
Farm cash costs
$
150 302
(37)
173 673
(11)
199 988
(57)
Farm cash income
$
46 993
(27)
53 932
(6)
68 434
(26)
Farm business profit
$
- 841
(99)
-6 511
(45)
12 614
(99)
Rate of return (b)
%
0.9
(99)
0.7
(28)
2.5
(72)
Equity ratio
%
85
(16)
83
(2)
79
(12)
Capital value at 30 June (c)
$
1 377 125
28 1 388 232
3 1 318 360
(63)
(a) Number of lambs marked per ewe mated. (b) Rate of return excluding capital appreciation.
(c) Capital value including leased items.

Table 3. Average increase in area operated and price paid, by scale of operation, 1998-1999 to 2000-2001
(values in parentheses are relative standard errors, expressed a percentage of the estimate provided)

Farm size
Small
Medium
Large
Very large

Estimated number of
farms acquiring land
4 700
1 900
1 900
600

Change in area
(%)
23 (29)
30 (71)
30 (20)
13 (25)

Proportion of farms buying land
cheaper than existing farm lands
59 (16)
78 (12)
75 (10)
57 (6)

WILL THE TREND TOWARD LARGER FARMS CONTINUE IN THE FUTURE?
The ratio of costs to receipts declines with increase in farm size (Figure 6) in both broadacre cropping
and livestock industries. Similarly, as mentioned earlier, rates of return increase with farm size (Figure
7). This suggests that there are significant economies of size in both the broadacre cropping and the
livestock industries.
As farm size grows, output can be expanded without the need to necessarily add extra units of major
capital inputs and overhead costs can be spread over more units of output. For example, up to some
point, crop area can be expanded without the need to acquire more farming equipment or a larger
tractor.
Additionally, larger farms also have an advantage in marketing their products because of the larger
volumes of product they produce they can more easily establish strategic alliances and enter into
longer term relationships with buyers. It is also likely that greater separation of management and
labour roles on larger farms frees managers to take more advantage of information available for
marketing products and managing the farm business. Very large farms also have more bargaining
power when acquiring inputs such as chemicals and fertiliser because they are buying larger
quantities.
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average for each decile was then calculated. Farm size was calculated in sheep equivalents

Figure 6. Cost to receipts in the broadacre cropping and livestock industries, by farm size decile
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for each decile was then calculated. Farm size was measured in sheep equivalents.

Figure 7. Rate of return in the broadacre cropping and livestock industries, by farm size decile

The analysis presented indicates that, in broadacre agriculture, there are rewards for farms that get
bigger. Therefore, it is economically rational for broadacre producers to continue the trend toward
larger farms particularly since, as yet, no diseconomies of size are apparent within the current range of
farm sizes in the broadacre industries (Figures 6 and 7).
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EFFECTIVENESS OF PIG SLURRY TREATMENT BY ACTIVATED SLUDGE WITH
REGARD TO SOME HEAVY METALS
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Research Institute of Veterinary Medicine, Hlinkova 1/A, Košice, Slovak Republic
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SUMMARY
The aim of our study was to investigate the levels of some metals of interest in different stages of
treatment of pig slurry by activated sludge (influent, effluent and solid fraction) in relation to their
release to the environment and its possible contamination. The presence and levels of heavy metals in
pig excrements are a subject of concern as they may be discharged into the recipient (effluent),
applied to the soil (solid fraction) and pollute the environment. The metals can penetrate the food
chain of animals and humans. Our results showed that the effectiveness of removal of metals by the
activated sludge system was high. Although limits for the presence of Pb, Hg, Cu, and Zn in surface
water were exceeded in the effluent on some samplings no serious risk to surface water quality is
envisaged with regard to its further considerable dilution in the recipient. The levels of dangerous
heavy metals (Cd, Pb, Hg) in the separated solid fraction were far below the limits required for
composted biosolids intended for application to agricultural land.
Key words: environmental protection, effluent, influent, heavy metals, pig slurry
INTRODUCTION
Our environment is polluted in many ways related to human activities. Its protection requires thorough
knowledge of potential sources of pollution on which appropriate measures can be based (Ondrašovi
1977). One group of serious environmental pollutants are metals and their organic compounds,
especially heavy metals. Many trace metals are natural constituents of the environment. Some of them
are even necessary for the biological functions of organisms (e.g. Co, Cu, Mn, Mo, and Zn). Metals
are emitted to the environment from many different sources, the most important ones being industries
(mainly non-ferrous, power plants, iron and steel waste and chemical industries), agriculture
(irrigation with polluted water, use of mineral fertilizers, contaminated manure, sewage sludge and
pesticides containing heavy metals), waste incineration, combustion of fossil fuels and road traffic.
Heavy metals from different sources accumulate in the soil from which they can be mobilized by
“triggers”, such as acidification, and released to soil solution from which they can be taken up by soil
organisms and plant roots, or leached to groundwater, thus polluting the food chain or affecting
drinking water quality (Chiras 1991; Killham 1994; Ondrašovi ová 1998). With regard to
contamination of soil with heavy metals cadmium (Cd), lead (Pb), chromium (Cr), copper (Cu), zinc
(Zn), mercury (Hg) and arsenic (As) represent a problem of concern (Stanners and Bordeau 1995).
The aim of our study was to investigate the levels of some metals of interest in different stages of
treatment of pig slurry by activated sludge in relation to their release to the environment and its
possible contamination.
MATERIALS AND METHODS
We investigated the removal of heavy metals from pig slurry during treatment with activated sludge.
The wastewater treatment plant (WWTP) investigated operates on an intensive pig fattening farm and
is designed for the treatment of 823 m3/d of pig slurry. Before treatment all excrements from pig farm
(capacity for 20 000 pigs) accumulate in a collection pit. In the first stage, the solid fraction (SF) of
slurry (approx. 2.8%) was separated mechanically and the liquid portion was pumped to a
sedimentation tank. After sedimentation it was treated chemically by addition of Ca(OH)2 to pH
11±0.5. Then it was pumped to the biological stage and treated with activated sludge. The treated
water (94% of the original volume) was discharged into the recipient (river). The remaining portion
were sludges (3.2%) that were treated within the WWTP process and were not mixed with SF.
Determination of metals was carried out by the common AAS method in the solid fraction of slurry,
influent to the WWTP, and the effluent which was discharged to the surface water. Altogether, 5 point
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samples were taken over the period of 2.5 years (January 1996 – June 1998). The content of dry matter
(DM) was determined at 105oC. As the retention time was approx. 24 h, the samples of influent,
effluent and the solid fraction did not correlate.
RESULTS AND DISCUSSION
Air-breathing animals get the majority of the environmental toxicants from feed and water but not all
of them will be absorbed in the intestine and may leave the body in faeces. Treatment of such faeces in
wastewater treatment plants may be associated with many problems and risk to the environment.
Metals and other toxic chemicals are transferred to the solid fraction or wastewater sludge, and the
application of this fraction to agricultural soil may result in the uptake and accumulation of toxicants
by crops and grazing animals, eventually posing a threat to humans (Ondrašovi 1996). They may
also adversely affect biological treatment processes, diminish the quality of receiving waters and
threaten aquatic organisms. Metals present in water pass to sediments, where by means of
microorganisms their organic derivatives are formed and pass to the food chain of fish and eventually
of man.
The activated sludge treatment provides very good removal for toxic metals such as Cd, Cr, Cu, Zn,
Ni, and Pb. Metals are generally concentrated in sludges due to their sorption to flocs. Their removal
depends on pH, solubility and concentration of metals, organic matter, and solid retention time. The
affinity of biological solids for heavy metals was found to follow the order
Pb>Cd>Hg>Cr3+>Cr6+>Zn>Ni (Bitton 1995). Some natural materials with considerable affinity to
heavy metals (zeolites) have been tested as additives to animal manure in different stages of its
processing and disposal to decrease the load on the environment (Mumpton and Fishman 1977;
Vargová 1999).
Our investigations focused on concentration of some metals (Cd, Hg, Pb, Cu, Zn, Fe, Ca, Mg, Mn) in
pig slurry fed to the treatment system with activated sludge, in treated effluent, and the separated
solids. The results obtained are presented in Table 1. The concentrations determined indicate a good
removal of toxic metals by the activated sludge process. The content of heavy metals in the effluent
was lower in the majority of samples than the concentrations of metals allowed in surface waters.
There were considerable variations in the level of most of determined elements. This can be explained
by their supply in feed and mineral feed additives which differs according to pig categories and feed
suppliers. As the age and composition of stock changes, the amount of these elements in the
excrements changes, too. Moreover, some variations may be ascribed to the retention of excrements in
the collection pit different affinity of metals solids and the way of mixing and pumping the raw slurry
before the treatment.
Table 1. The levels of metals in different stages of the WTP at a pig farm
Parameter
Iron (Fe)
Manganese (Mn)
Calcium (Ca)
Magnesium (Mg)
Mercury (Hg)
Cadmium (Cd)
Lead (Pb)
Copper (Cu)
Zinc (Zn)
Dry matter (%)

Influent
mg/l
14.4 - 33.1
2.1 – 4.9
178 – 351
96 – 189
0 – 0.011
0.012 – 0.8
0.02 – 1.7
0.5 – 2.0
0.32 – 14.5
0.85 - 1.34

Effluent
mg/l
0.7 – 2.3
0.02 – 0.15
71 – 161
69 – 91
0 – 0.005
0.006 – 0.01
0.02 – 0.23
0.025 – 0.104
0.12 – 0.44
0.06 – 0.26

Solid fraction
mg/kg
178 – 2286
7.9 – 229
2610– 15 405
570 – 2690
0.003 – 0.025
0.137 – 1.74
0.533 – 5.813
5.81 – 39.64
36.5 – 197.6
13.9 – 18.39

Copper and zinc may be rather poisonous to aquatic biota. Their effect depends also on water
hardness. Fish and invertebrates have been reported to be affected by Cu levels as low as 10-20 g
Cu/l (hardness: 100 mg CaCO3/l) so they should be kept below 40 g Cu/l. With regard to zinc the
recommended water standards for fish are below 300 g Zn/l in water with a hardness of 100 mg
CaCO3/l but below 30 g Zn/l in water with a hardness of 10 mg CaCO3/l (Stanners and Bordeau
1995).
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Cadmium ranks among the most hazardous metal pollutants. It has a very high accumulation
coefficient. Its levels in surface waters should not exceed 10 g/l. The accepted daily human intake
level of cadmium recommended by WHO is as low as 64 g.
Considerable portion of lead is removed by sorption on base sediments. Although lead is easily
transported over long distances through the atmosphere, it seems to have high tendency to concentrate
in the vicinity of the point discharge. Its concentration in surface water should not exceed 50 g /l.
Mercury is a heavy metal poison whose influence is cumulative and whose effects on neurological
behaviour are notorious. Because of this an intense effort is under way to trace the sources of all
mercury pollution in order to eliminate them. However, the toxicity of Hg very much depends on its
physical and chemical state. In river sediments it may be transformed to more toxic and mobile forms
which are more fat-soluble and can penetrate the blood/brain and placental barrier of animals. Methyl
mercury has a biological half-life of approximately two years, and will thus accumulate in the food
chain. (Backlund et al. 1993). The maximum acceptable limit of Hg for surface water is 0.5 g /l.
In our study the limit value in the effluent was not exceeded for Cd but it was surpassed in 3 out of 5
cases for Pb and Hg. The Cu level were higher in 3 out of 5 and Zn in one out of 5 samples. The
increased levels of Pb and Hg coincided in two samplings. However, the effluent is diluted
considerably after its discharge so serious problems should occur. Examination of sediments
downstream from the point of discharge could provide some additional valuable information.
The separated pig slurry solids are most frequently applied to the soil. However, with regard to its
potential microbiological and parasitological contamination, they should be treated biothermically
before application to cropland (Pa ajová et al. 2000). The levels of heavy metals in the compost
obtained should not reach thresholds which can damage either soil fertility or the food chain (Tab.2).
Our determinations showed that the levels of heavy metals in SF from the examined WWTP were far
below the limits presented in Table 2. Therefore no serious accumulation of Cd, Pb, Hg or some other
metals may be expected after manuring the crops with this substrate. However, when some bulking
materials are used for composting of this fraction, care should be taken that they are of good quality
also with regard to the content of heavy metals.
Table 2. Examples of pollutant limits for biosolids applied to land
Pollutant

USEPA (1994B) – USA

STN 46 5735 – Industrial Composts –
SR
CCL
PCL
CPLRL
Class I
Class II
mg/kg
mg/kg
kg/ha
mg/kg DM
mg/kg DM
20 A
Arsenic
75
41
41
10A
Cadmium
85
39
39
2
4
1200 B
3000 B
100
300
Chromium
3000B
Copper
4300
1500
1500
100
400
Lead
840
300
300
100
300
Mercury
57
17
17
1.0
1.5
20 A
Molybdenum
75
5A
Nickel
420
420
420
50 A
70 A
C
Selenium
10
36
100
ND
ND
Zinc
7500
2800
2800
300
600
CCL – ceiling conc. limits; PCL – pollutant conc. limits; CPLRL - cumulative pollutant loading rate limits; Class I, Class II –
frequency of application differs according to contamination and pH of soil. Class II cannot be used for manuring of crops
intended for direct consumption
A
Determined when higher contamination may be expected
B
May be deleted from the rule based on court remand consideration
C
Selenium limits may be changed pending court remand reconsideration
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GMOs IN FOOD PRODUCTION - THE PERCEPTIONS AND THE REALITY
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SUMMARY
Transgenic crop varieties have great potential in the long term to benefit pest management and the
environment, including more weed-competitive crops and fungus resistance. The more readily developed
crop varieties now grown commercially already provide considerable advantages (although the benefits
vary by region), with insect resistant “Bt” cotton significantly reducing insecticide applications in several
countries and saving lives at least in China. Herbicide-tolerant and virus-resistant crops have also
reduced pesticide use, contrary to popular belief, and probably also reduce pesticide residues in food and
the environment. Reductions in pesticide use from just eight genetically-modified (GM) crops in the US
have been calculated at more than 21 million kg in the year 2001 alone. Herbicide-tolerant crops are also
allowing increases in minimum or no-till soil conservation systems, addressing the major environmental
issues of soil erosion and carbon balance.
However, there have been concerns that the long-term risks of transgenic crops have not been adequately
checked. Food uses of GM crops are intensively examined, and there have now been some 40 studies
demonstrated a complete lack of negative impacts on livestock. Further, there is considerable evidence
that GM crops leave no detectable signature or residues of any kind in meat. Contrary to popular belief,
the risks of insect resistant crops like Bt corn to non-target species (such as butterflies) and soil organisms
were assessed prior to their release, and although more could have been done, the overwhelming evidence
is that the human health and environmental benefits of transgenic crops are greater than any of the risks
identified. Practically all technologies have useful and silly applications. The challenge before us is to
deliver the most useful applications while carefully assessing the risks.
Keywords: genetic modification, transgenesis, herbicide resistance, human health, environment
INTRODUCTION
We have been genetically modifying bacteria, animals and plants for millennia, including by the use of
artificial techniques such as radiation and sophisticated “embryo rescue” methods. Genetically-spliced
bacteria have been used for the production of medicines and foodstuffs like cheese for more than a decade
without any significant public comment. However, the sort of genetically-modified organisms (GMOs)
that have people stirred up is “transgenesis”, the moving of genes between highly unrelated species into
crops and animals. The fact that this seems “unnatural” to many people, plus the involvement of
multinational corporations (raising distrust and concerns about “globalisation” and the industrialisation of
food supply), introduces a high level of rumor and emotion in the debate.
Following the invitation of the conference organisers, I will focus on the implications for human health
and the environment of genetic modification of pastures and grain crops that are consumed by foodproducing animals, and the genetic modification of other plant materials consumed directly by humans.
Given that there are not yet a lot of similar data on the genetic manipulation of animals, my comments
there will be more limited.
TRANSGENIC CROPS
Transgenic crops that are resistant to herbicides, viruses and insecticides are now commercialised in
several countries, but first in China with virus resistant tobacco by 1992. GM crops resistant to fungi have
proven more difficult to develop, but are an important target due to the difficulties inherent in controlling
fungal diseases without fungicides, which tend to be the most risky pesticides in long term exposure (US
National Academy of Sciences 1987). The overall impact on pesticide of just the GM crops currently
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available has been enormous. Reductions in pesticide use from just 8 GM crops in the US have been
calculated at more than 21 million kg in the year 2001 alone (Gianessi 2002).
The only transgenic agronomic crops commercially grown in Australia are insect-resistant (INGARD and
BOLLGARD) and glyphosate-resistant (Roundup Ready) cotton, which use genes isolated from common
bacteria to produce proteins that protect the crop from insect attack and the herbicide. The insect-resistant
cotton uses genes isolated from Bacillus thuringiensis (Bt), to produce proteins that attack the midgut of
some caterpillars. Bt has been used in sprays for more than 40 years, but due to its poor persistence, still
accounts for less than 1% of the total insecticide market. When produced inside the plant, the persistence
of Bt is much greater, and even pests that bore into the plant (and might not eat a spray) can be controlled
(Shelton et al. 2002).
Although not yet grown commercially in Australia, virus-resistant crops are being used in the US. Virusresistant papaya cultivars have probably saved the papaya industry on the “Big Island” of Hawaii. More
generally, virus-resistant crops can increase yields. In higher value crops, virus resistance can greatly
reduce the amount of insecticide otherwise applied to control the insects that carry the virus from plant to
plant. One of the more important applications in Australia would be for virus-resistant pasture crops like
clovers.
INSECT RESISTANT CROPS
The benefits from Bt cotton are enormous. Historically, almost half of the insecticide used in agriculture
is applied to cotton, with roughly half of that used against caterpillars. Where grown in the USA, Bt
cotton reduces insecticide use by 70- 90%. In Australia, the reductions have been about 50% over the last
3 years (Shelton et al. 2002), but this should further improve with the introduction of “two-gene”
cultivars expected in 2003. Bt cotton alone has the potential to wipe out 10-25% of the world's
agricultural insecticide use, and probably an even greater proportion of the risks of the insecticide use.
Probably China has benefited more from GM crops than any other country in the world, solely due to
reduced insecticide use in Bt cotton. Over the last 10 years, there have been about 10,000 insecticide
poisonings and about 400 deaths per year in Chinese cotton growing areas. In 1998, insect resistant Bt
cotton was introduced into Hebei Province and by 2000, most of the crop was insect resistant. The use of
insecticides on Bt cotton has been reduced by more than 80%, greatly improving the health of these farm
workers. For conventional cotton, 22% of cotton farm workers reported headaches, nausea, skin pain or
digestive problems. For those growing all Bt cotton, this was reduced to 4.7% (Huang et al. 2002). This
has probably saved at least 60 lives per year in China already in the last 2-3 years. In addition to the
improved health of workers, there are economic benefits. The cost of producing cotton was reduced by
30%, the number of applications of insecticide reduced from 20 per season to seven, and the quantity of
insecticide from 61 to 12 kilograms per hectare with a reduction in costs of 80%.
Further, there is no risk to the consumer. A key point about many genetically engineered crops is that the
foods they produce are not genetically engineered. In the case of cotton, the foodstuff is cottonseed oil,
and like most oils and sugars, no detectable protein or DNA remains after processing. That is, sugars and
oils produced from insect (or herbicide) resistant crops are the same as from standard crops.
Environmental and agronomic concerns include increased resistance in insects and effects on non-target
species. Resistance management strategies for insect pests are well advanced (Roush 1998; Shelton et al.
2002). Impacts on non-target species are under investigation, but in spite of the publicity generated by a
small laboratory study on Monarch butterflies (and the lack of publicity on field studies refuting the
claims), the effects of Bt crops on non-target species are clearly much less than in conventional
agriculture (Shelton et al. 2002).
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HERBICIDE TOLERANT CROPS
However, the more controversial classes of genetically engineered crops are those crops resistant to
herbicides. Round resistant soy alone accounts for some 60% of all GM crops planted by area. However,
it should also be noted that the creation of non-transgenic herbicide tolerant crops is also an application of
biotechnology with most of same potential risks. Environmental and agronomic concerns include
increased herbicide use, increased selection for herbicide resistance in weeds, increased weediness of the
crops, and transfer of herbicide resistance to weedy relatives by hybridisation.
One herbicide tolerant crop, triazine-tolerant canola, has been planted on a more than a million hectares
of southern Australia in a single year, but has attracted little public attention. Why not? The resistance
was transferred to canola (from a weedy relative) through classical breeding and not by molecular means.
Nonetheless, the use of this canola has produced a major shift in cropping in southern Australia,
essentially because the triazine tolerance allows superior weed control; so good in fact that it overcomes a
10-20% yield penalty inherent in the resistance.
The use of herbicides is sufficiently vexing in its own right, with much of the public believing that there
are alternatives that can be used in broad scale agriculture. A less impassioned view is that our job as
public servants is to try to understand how to balance and reduce the overall impacts of agriculture on the
environment and risks to human health. The environmental costs of one alternative to herbicides,
cultivation, are clearly much higher than herbicides. Not only does reduction in tillage reduce soil loss, it
increases soil organic matter and reduces loss of soil carbon to the air as CO2, thereby potentially
reducing atmospheric warming.
A major concern of environmental activists, that transgenic herbicide tolerant crops will lead to increased
herbicide use, is inconsistent with data now available and seems to be due to misconceptions. First,
studies on herbicide use on transgenic crops in the US show clearly that there has been no overall
increase. According to a USDA report in 1999, the “technology significantly reduced herbicide treatments
for soybeans and, to a lesser extent, for cotton” (for a more recent report, see
www.ers.usda.gov/epubs/pdf/aer786/).
Second, we all know that growers even now don’t use the full labelled rates of many herbicides just to
save costs, so the mere fact that a crop can tolerate a high level of herbicide use has provided no incentive
to growers to actually use that much herbicide. Finally, even if there was an increase in use, the key issue
should be what is the environmental impact of the use. Even if glyphosate, for example, did replace
sulfonylureas or imidazolinones used at a lower rate, there is lower effective persistence with glyphosate.
What’s more important, a simplistic calculation of kilograms applied, or an assessment of the impacts?
Herbicide-resistant crops may provide many advantages to Australian agriculture, as triazine tolerant
canola has already done. However, the potential for increased selection for resistance in weeds and
management of herbicide resistant volunteers, in particular, must be addressed if herbicide-resistant crops
are to provide their maximum sustained value to growers. In the short term (at least the next 5 years),
these crops will in essence provide new uses for old herbicides and old herbicide groups. However, in the
future, herbicide tolerant crops may facilitate the introduction of new broad spectrum herbicides.
Herbicide-tolerant varieties of a number of crops are under development, but the most important initially
outside cotton will be the various herbicide tolerant canola and wheat varieties, and they are useful to
illustrate many of the issues involved. In addition to the triazine tolerant canola, imidazolinone (“imi”)
tolerant canola, which was developed via mutation and selection, was introduced last year, with imitolerant wheat to follow this year. The next few years may see the introduction of other herbicide
resistant canola varieties including the genetically-engineered glufosinate resistant (“Liberty Link”) and
glyphosate resistant (“Round-up Ready”) canolas.
Is classically bred resistance safer or more environmentally friendly than genetically engineered? Just for
comparison, atrazine is used on triazine-tolerant canola at 1-2 kilograms active ingredient per hectare.
Atrazine has a history of ground and surface water contamination, especially in North America and has
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recently been found by some workers to harm frogs at low concentrations. In contrast, glyphosate would
probably be used at about 1 kg/ha on the “Round-up Ready” canola. Rarely cited as an environmental
contaminant, the US National Academy of Sciences (1987) rated glyphosate as among the least risky
pesticides to human health. Both canolas offer similar threats from outcrossing to weeds and weedy
volunteers.
As with canola, the use of some kinds of herbicide tolerant crops could encourage the replacement of
persistent and potentially risky herbicides with less persistent and relatively safe ones like glyphosate. By
allowing new uses of herbicides, these crops open new options for weed management, particularly for
weeds that are increasingly resistant to currently used and often more selective herbicides. However, this
may be a case of simply shifting selection pressure.
The increased use of herbicides that are already extensively used could increase the incidence of
herbicide-resistant weeds. There is already evidence that atrazine use on triazine-tolerant canola has
increased triazine (eg., simazine) resistance in annual ryegrass in WA. In addition, the detection of
glyphosate resistance in a few populations of annual ryegrass has heightened concerns that glyphosateresistant canola will increase selection for glyphosate resistance in annual ryegrass and other weeds.
The best way to avoid increased problems with resistance in weeds from the use of transgenic crops will
be to avoid over-reliance on the relevant herbicides, and especially to avoid the use of the same herbicide
group on the same paddock two years in a row. Glyphosate is a special case, since it is often used
annually as a pre-plant application with only moderate selection pressure. One possible method to
maintain moderate selection pressure even with Round-up Ready canola would be to avoid pre-plant use
of glyphosate in the year following canola, which would allow susceptible seeds from the seed bank to
escape glyphosate selection after germination and dilute resistance among offspring of glyphosate
survivors.
OUTCROSSING BETWEEN HERBICIDE RESISTANT CROPS AND WEEDS: POTENTIAL
FOR GENE TRANSFER
Another concern is the potential for herbicide resistance genes to be transferred from crops to weeds.
Fortunately, few crops grown in Australia have any wild relatives (much less weedy relatives!) with
which they can interbreed. However, there are concerns about canola, which can potentially hybridise
with wild radish and Buchan weed (Hirschfeldia incana). Drs Mary Rieger, Chris Preston and Steve
Powles of the CRC for Weed Management have studied the potential for hybridisation between canola
and wild radish in large-scale field experiments that use herbicide resistance to identify potential hybrids.
These experiments, which have screened more than 52 million seeds, have found only two plants that are
hybrids on the basis of their herbicide resistance and chromosome numbers (Rieger et al. 2001). Further,
since glyphosate is not used for control of wild radish, the threats to cropping are minimal.
HERBICIDE-TOLERANT VOLUNTEERS
Genetically engineered crops will also require generally more detailed record keeping and accountability
(particularly those crops that must be grown under license) and greater crop hygiene to avoid problems
with resistant volunteers (eg., of resistant canola). There have already been reports of hybridisation of
different herbicide resistance types from neighboring cultivars in Canada, with irritating effects on the
flexibility of growers in controlling the volunteers in other crops. Recent studies in our CRC have shown
however, that pollen flow between canola crops averages only 0.009% and was always less than 0.07%
(Rieger et al. 2002).
FOOD SAFETY
The principal food safety concerns for GM plants are potential toxicity and allergenicity of the newly
introduced proteins, changes in nutrient composition of the plants, and the safety of antibiotic resistance
marker-encoded proteins included in the transgenes. Some people are also concerned with the potential
that DNA can be passed from GM feeds to livestock or meat. However, a wide range of studies have
shown that consumption of milk, meat and eggs produced from animals fed GM crops should be
considered as safe as traditional practices (eg., Hammond et al. 1996; Harrison et al. 1996; Pusztai et al.
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1996; Brake and Vlachos 1998; Beever and Kemp 2000; Folmer et al. 2000; Institute of Food
Technologists 2000; Sidhu et al. 2000; Teshima et al. 2000, Einspanier et al. 2001; Federation of Animal
Science Societies 2001; Agrifood Awareness Australia 2002). None of the Bt proteins registered in the
US have shown any significant negative effect (Shelton et al. 2002).
In particular, recognisable fragments of DNA are broken down in digestion and not taken up in animals
(Einspanier et al. 2001). If this were not true, all animals would have been overcome by a large amount
of plant DNA over evolution. Instead, mechanisms have evolved to make sure that doesn’t happen.
In contrast to concerns about toxicity and allergens from GM, there is clear evidence for health benefits
from Bt corn. Fusarium ear rot is the most common ear rot disease in corn (Shelton et al. 2002). The
primary importance of this disease is its association with mycotoxins, particularly the fumonisins, a group
of mycotoxins that can be fatal to horses and pigs, and are probable human carcinogens (Munkvold and
Desjardins 1997). Field studies have demonstrated that hybrids containing Bt genes experience
significantly lower incidence and severity of Fusarium ear rot and yield corn with lower fumonisin
concentrations than their non-Bt counterparts (Munkvold et al. 1999).
MARKET ACCESS FOR TRANSGENIC CROPS
A further issue of which all will be aware is that some potential markets have refused access for
genetically engineered crops, especially in Europe. Thus, it will be very important for the Grains Council
of Australia and other such organisations to consider these trends and take appropriate steps to advise
growers and perhaps government officials to be certain that Australian grain is not disadvantaged on the
world market.
The CRC for Weed Management, the GRDC and other organisations are actively investigating the
advantages and potential problems of herbicide tolerant crops. Ultimately, it will be grain growers who
will have to weigh up the risks and benefits of herbicide tolerant crops, and decide which to grow and
under what management systems. For the best future of the industry as a whole, however, grain growers
should make this decision collectively through their organisations rather than individually. Herbicide
resistance in weeds and international marketing are issues that clearly transcend individual growers.
CONCLUSIONS
I often hear that consumers never asked for genetically engineered crops and stand to gain little from
them. However, consumers have consistently demanded a reduction in the health and environmental risks
of agriculture. At least some transgenic crops answer that demand. More importantly, the risks of
pesticide exposure are far greater to farm workers that to the general public. We need to think carefully
about both the risks and benefits of transgenic crops.
There are potential risks of genetically modified crops, but many of those raised in the popular press have
achieved the status of urban myths. For example, there are no tomatoes or strawberries with fish genes to
resist cold. The much publicised hazards of insect resistant Bt corn to Monarch butterflies were based on
a biased laboratory study and have since been debunked by extensive field trials that supported the
original risk assessment by the US EPA (Shelton et al. 2002). Genetically modified foods are much more
extensively scrutinised than many potentially risky conventional foods that are on the market and not
receiving attention. Still, thorough regulation is needed, and not all proposed genetic modifications
should be allowed.
The public has every right to reject genetic modification of plants, but it also has the right to be well
informed about its choices. Otherwise, the choices may not be wise either for the general public or the
people who produce our crops.
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