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2nd JOINT CONFERENCE OF THE NEW ZEALAND & AUSTRALIAN SOCIETIES OF 

ANIMAL PRODUCTION 

 

NZASAP Programme Outline 
  Monday 

July 2 

Tuesday 

July 3 

Wednesday  

July 4 

Thursday 

July 5 

8:30am  Registration  Keynote Sessions 

‐ Landcorp Lecture 

‐ Living Legend  

     Lecture 

Keynote Sessions 

‐ John Barnett Lecture 

‐ Underwood Lecture  

Concurrent Session 3 

‐ Ruminant Physiology ‐ Cattle  

‐ Quantitative Genetics 

‐ Precision Livestock 

Management   

‐ Disease,  Animal Health ‐ Sheep 

9:00am 

9:30am 

10:00am 

10:30am  Morning Tea  Morning Tea   Morning Tea  Morning Tea 

10:45am  Collect bagged lunch and 

go to coaches 

11:00am  Welcome and 

Presidents’ Addresses 

Board coaches, Calder 

Drive for field trips. 

 

‐ Dairy 

 

‐ Sheep 

 

‐ Deer 

Poster thumbnail presentations  Concurrent Session 4 

‐ Reproductive Performance 

‐ Quantitative Genetics 

‐ Meat Science and Products 

‐ Disease,  Animal Health ‐ Cattle 

11:30am 

11:45am  NZSAP Young Members 

Competition Session 12:00pm  Poster viewing 

12:30pm 

1:00pm  Lunch   Lunch   Lunch and close 

1:30pm 

2:00pm  Keynote Session  

McClymont Lecture 

Keynote Session 

‐ Harry Stobbs Lecture 

 

2:30pm 

3:00pm  Afternoon tea  Afternoon tea 

3:30pm  Concurrent Session 1 

‐ Fibre Production 

‐ Reproductive  

      Performance 

‐Dairy Science I 

Concurrent Session 2 

‐ Reproductive Performance 

‐ Pastures, Feed Quality  

      and Forage 

‐ Dairy Science II 

4:00pm 

4:30pm 

5:00pm  Dinner at nominated 

restaurants for each field 

trip 5:15pm  Wine appreciation  Free time 

5:30pm 

6:00pm  NZSAP and ASAP 

meetings 6:15pm  Coaches depart for Conference 

dinner from Calder Drive 6:30pm 

7:00pm  Dinner  

(own arrangements) 

Conference dinner 

7:30pm 

8:00pm 

 

 

 

Sunday 1 July 

7.00 pm    Sunday evening drink mixer, Lincoln University 

      Venue:  Commerce Foyer 

     

 

Monday 2 July         

8.30‐10.30 am    Registration 

      Venue: Stewart Foyer 

 

10.30‐11.00 am   Morning tea 

      Venue: Stewart Foyer 

 

      Venue: Altum Room (Stewart 1) 

11.00‐11.05 am   Welcome Organising Committee 

 

 

2nd JOINT CONFERENCE OF THE NEW ZEALAND & AUSTRALIAN SOCIETIES OF 

ANIMAL PRODUCTION 

 

NZASAP Programme Outline 
  Monday 

July 2 

Tuesday 

July 3 

Wednesday  

July 4 

Thursday 

July 5 

8:30am  Registration  Keynote Sessions 

‐ Landcorp Lecture 

‐ Living Legend  

     Lecture 

Keynote Sessions 

‐ John Barnett Lecture 

‐ Underwood Lecture  

Concurrent Session 3 

‐ Ruminant Physiology ‐ Cattle  

‐ Quantitative Genetics 

‐ Precision Livestock 

Management   

‐ Disease,  Animal Health ‐ Sheep 

9:00am 

9:30am 

10:00am 

10:30am  Morning Tea  Morning Tea   Morning Tea  Morning Tea 

10:45am  Collect bagged lunch and 

go to coaches 

11:00am  Welcome and 

Presidents’ Addresses 

Board coaches, Calder 

Drive for field trips. 

 

‐ Dairy 

 

‐ Sheep 

 

‐ Deer 

Poster thumbnail presentations  Concurrent Session 4 

‐ Reproductive Performance 

‐ Quantitative Genetics 

‐ Meat Science and Products 

‐ Disease,  Animal Health ‐ Cattle 

11:30am 

11:45am  NZSAP Young Members 

Competition Session 12:00pm  Poster viewing 

12:30pm 

1:00pm  Lunch   Lunch   Lunch and close 

1:30pm 

2:00pm  Keynote Session  

McClymont Lecture 

Keynote Session 

‐ Harry Stobbs Lecture 

 

2:30pm 

3:00pm  Afternoon tea  Afternoon tea 

3:30pm  Concurrent Session 1 

‐ Fibre Production 

‐ Reproductive  

      Performance 

‐Dairy Science I 

Concurrent Session 2 

‐ Reproductive Performance 

‐ Pastures, Feed Quality  

      and Forage 

‐ Dairy Science II 

4:00pm 

4:30pm 

5:00pm  Dinner at nominated 

restaurants for each field 

trip 5:15pm  Wine appreciation  Free time 

5:30pm 

6:00pm  NZSAP and ASAP 

meetings 6:15pm  Coaches depart for Conference 

dinner from Calder Drive 6:30pm 

7:00pm  Dinner  

(own arrangements) 

Conference dinner 

7:30pm 

8:00pm 

 

 

 

Sunday 1 July 

7.00 pm    Sunday evening drink mixer, Lincoln University 

      Venue:  Commerce Foyer 

     

 

Monday 2 July         

8.30‐10.30 am    Registration 

      Venue: Stewart Foyer 

 

10.30‐11.00 am   Morning tea 

      Venue: Stewart Foyer 

 

      Venue: Altum Room (Stewart 1) 

11.00‐11.05 am   Welcome Organising Committee 

 

 

2nd JOINT CONFERENCE OF THE NEW ZEALAND & AUSTRALIAN SOCIETIES OF 

ANIMAL PRODUCTION 

 

NZASAP Programme Outline 
  Monday 

July 2 

Tuesday 

July 3 

Wednesday  

July 4 

Thursday 

July 5 

8:30am  Registration  Keynote Sessions 

‐ Landcorp Lecture 

‐ Living Legend  

     Lecture 

Keynote Sessions 

‐ John Barnett Lecture 

‐ Underwood Lecture  

Concurrent Session 3 

‐ Ruminant Physiology ‐ Cattle  

‐ Quantitative Genetics 

‐ Precision Livestock 

Management   

‐ Disease,  Animal Health ‐ Sheep 

9:00am 

9:30am 

10:00am 

10:30am  Morning Tea  Morning Tea   Morning Tea  Morning Tea 

10:45am  Collect bagged lunch and 

go to coaches 

11:00am  Welcome and 

Presidents’ Addresses 

Board coaches, Calder 

Drive for field trips. 

 

‐ Dairy 

 

‐ Sheep 

 

‐ Deer 

Poster thumbnail presentations  Concurrent Session 4 

‐ Reproductive Performance 

‐ Quantitative Genetics 

‐ Meat Science and Products 

‐ Disease,  Animal Health ‐ Cattle 

11:30am 

11:45am  NZSAP Young Members 

Competition Session 12:00pm  Poster viewing 

12:30pm 

1:00pm  Lunch   Lunch   Lunch and close 

1:30pm 

2:00pm  Keynote Session  

McClymont Lecture 

Keynote Session 

‐ Harry Stobbs Lecture 

 

2:30pm 

3:00pm  Afternoon tea  Afternoon tea 

3:30pm  Concurrent Session 1 

‐ Fibre Production 

‐ Reproductive  

      Performance 

‐Dairy Science I 

Concurrent Session 2 

‐ Reproductive Performance 

‐ Pastures, Feed Quality  

      and Forage 

‐ Dairy Science II 

4:00pm 

4:30pm 

5:00pm  Dinner at nominated 

restaurants for each field 

trip 5:15pm  Wine appreciation  Free time 

5:30pm 

6:00pm  NZSAP and ASAP 

meetings 6:15pm  Coaches depart for Conference 

dinner from Calder Drive 6:30pm 

7:00pm  Dinner  

(own arrangements) 

Conference dinner 

7:30pm 

8:00pm 

 

 

 

Sunday 1 July 

7.00 pm    Sunday evening drink mixer, Lincoln University 

      Venue:  Commerce Foyer 

     

 

Monday 2 July         

8.30‐10.30 am    Registration 

      Venue: Stewart Foyer 

 

10.30‐11.00 am   Morning tea 

      Venue: Stewart Foyer 

 

      Venue: Altum Room (Stewart 1) 

11.00‐11.05 am   Welcome Organising Committee 



ii

 

 

 

11.05‐11.25 am   ASAP President’s Address, Russell Bush 

       

11.25‐11.45 am   NZSAP President’s Address, Steve Moriss  

 

11.45‐1.00 pm    NZSAP Young Members Competition Session 

 

      FE Creagh, N Lopez‐Villalobos, RE Hickson and CW Rogers 

Examination of New Zealand sport horse performance records and their 

suitability for the calculation of breeding values 

 

ME Miller, RH Bryant and GR Edwards 

Dry matter intake and nitrogen losses of pregnant, non‐lactating dairy cows 

fed kale with a range of supplements in winter 

 

Q Sciascia, D Pacheco, M Senna Salerno, HT Blair and S McCoard 

Milk somatic cells are not suitable biomarkers of lactating ruminant 

mammary gland function 

 

BW Gudex, DL Johnson and K Singh 

Prenatal maternal effects on daughter milk production in New Zealand dairy 

cattle 

 

NV Priest, K McLeod, S McDougall, CR Burke, JR Roche, M Mitchell, S 

Greenwood and S Meier 

Associations of uterine pathology with milk production and effects of 

treatment with a non‐steroidal anti‐inflammatory drug in dairy cows 

 

1.00‐2.00 pm    Lunch 

      Venue: Recreation Centre Hall 

       

2.00‐3.00 pm    McClymont Lecture  

WL Bryden 

Food and feed, mycotoxins and the perpetual pentagram in a changing 

animal production environment  

Venue: Altum Room (Stewart 1)  

     

3.00‐3.30 pm    Afternoon tea 

      Venue: Stewart Foyer 

       

3.30‐5.15 pm     Concurrent Session 1       

 

 

 

 

Fibre Production  

Venue: Altum Room (Stewart 1) 

3.30‐5.15 pm 

BA McGregor  

Production, properties and processing of American bison (Bison bison) wool 

grown in southern Australia 
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BA McGregor  

Variation in the whiteness and brightness of white Australian cashmere 

associated with farm of origin and fibre attributes 

 

MB Ferguson, BA McGregor and R Behrendt 

Relationships between skin follicle characteristics and fibre properties of 

Suri and Huacaya alpacas and Peppin Merino sheep 

 

DR Scobie, AR Bray, MC Smith, JL Woods, CA Morris and SM Hickey 

Wool staple tenacity in New Zealand Romney sheep: heritability estimates, 

correlated traits, and direct response to selection 

 

D O’Connell, DR Scobie, SM Hickey, RMW Sumner and AJ Pearson 

Selection for yearling fleece weight and its effect on fleece shedding in New 

Zealand Wiltshire sheep 

 

RMW Sumner, DR Scobie, DO’Connell and HV Henderson 

Relative performance of Wiltshire and Perendale sheep 

 

S Hatcher, AL King and KR Millington 

Genetic variation in sulphur, calcium, magnesium, manganese and trace 

metal content of Merino wool and correlations with brightness, yellowness 

and photostability 

 

 

 

 

Reproductive Performance ‐ Conception and Embryo Survival 

Venue: Commerce 1 Lecture Theatre 

3.30‐5.15 pm 

LM Cave, PR Kenyon and ST Morris 

Effect of timing of exposure to vasectomised rams and ewe lamb body 

condition score on the breeding performance of ewe lambs 

 

PR Kenyon, RE Hickson, PG Hutton, ST Morris, KJ Stafford and DM West 

Effect of twin‐bearing ewe body condition score and late pregnancy 

nutrition on lamb performance 

 

M Sequeira, SJ Pain, I Sartore, A Meikle, PR Kenyon and HT Blair 

Brief Communication: Expression of uterine progesterone receptor in Suffolk 

and Cheviot ewes at day 19 of pregnancy, following embryo transfer 

 

CR Burke, C Kamphuis, S Meier and R Pellow 

An evaluation of a progesterone‐based diagnostic as an aid to re‐

insemination decisions in a seasonal, pasture‐grazed dairy cow herd 

 

B Smaill, JL Juengel, GH Davis and KJ Demmers 

Brief Communication: Weight management considerations prior to mating 

to control litter size in Inverdale ewes 
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CR Burke, S Meier and R Pellow 

Use of progesterone profiling to investigate factors affecting conception 

rates in a large, pasture‐grazed dairy herd 

 

DS van der Linden, Q Sciascia, F Sales and SA McCoard 

Brief Communication: Is placentome size more important than morphologic 

type in relation to fetal weight in sheep? 

 

 

Dairy Science I   

Venue: DairyNZ Room (Stewart 2)  

3.30‐5.15 pm 

JW Heard, CM Leddin, DP Armstrong, CKM Ho, KA Tarrant, B Malcolm and 

WJ Wales 

The impact of system changes to a dairy farm in south‐west Victoria: risk 

and increasing profitability 

 

NG Cullen, SM Hickey and CA Morris 

Variation of milk composition traits among Holstein‐Friesian‐sired cows 

 

S McCoard, D Pacheco, BP Treloar, N Ward, K Swanson and K Singh 

Brief Communication: The relationship between milk synthesis and 

intracellular profiles of amino acids in the bovine mammary gland 

 

R Murney, K Stelwagen and K Singh 

Brief Communication: The effect of milking frequency in early lactation on 

milk yield and milk protein gene expression in the bovine mammary gland 

 

K Singh, K Swanson, HV Henderson and K Stelwagen 

Brief Communication: The effect of re‐milking following extended non‐

milking periods on lactation in dairy cows 

 

S Pryor, K Swanson, C Couldrey, H Henderson and K Singh 

Brief Communication: DNA methylation events in the αS1‐casein‐encoding 

gene associated with involution and re‐initiation of lactation in dairy cows 

 

NW Sneddon, N Lopez‐Villalobos, RE Hickson and L Shalloo 

Genetic parameters for lactose and its relationship with concentrations and 

ratios of other milk components 

 

 

5.15 pm     Wine appreciation 

Venue: Landscape Foyer 

 

6.00 pm    NZSAP Meeting  

      Venue: Altum Room (Stewart 1) 

      ASAP Meeting 

      Venue: DairyNZ Room (Stewart 2)  

 

7.00 pm    Dinner ‐ own arrangements. 
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Tuesday 3 July       

8.30‐9.30 am    Landcorp Lecture 

KL Macmillan and JR Roche 

“Grass to milk” and beyond  

Venue: Altum Room (Stewart 1) 

       

9.30‐10.30 am    Living Legend Lecture 

AM Nicol 

The random bouncing ball  

Venue: Altum Room (Stewart 1) 

           

10.30‐10.45 am   Morning Tea  

Venue: Stewart Foyer 

 

10.45 am    Collect bagged lunch (Stewart Foyer)        

11.00 am    Board field trip coaches, Calder Drive 

        

     

11.00 ‐5.00 pm    Field trips:         

• Sheep ‐ Hurunui, North Canterbury 

Dinner at the Stables Restaurant, Hurunui Hotel return to Lincoln 

University by 9pm 

• Deer ‐ South Canterbury 

Dinner at (TBA)   

• Dairy ‐ Mid Canterbury 

Dinner at Lincoln University (venue TBA)   

 

5.00 pm     Dinner and lunch at field trip sites       

 

   

Wednesday 4 July       

8.30 ‐9.30 am    John Barnett Lecture 

GM Cronin, JL Barnett and PH Hemsworth 

The importance of pre‐laying behaviour and nest boxes for laying hen 

welfare: a review.  

Venue: Altum Room (Stewart 1) 

     

9.30‐10.30 am    Underwood Lecture 

RS Hegarty 

Livestock nutrition – a perspective on the future needs in a resource‐ 

challenged planet  

Venue: Altum Room (Stewart 1) 

       

10.30‐11.00 am   Morning tea 

      Venue: Stewart Foyer 

       

11.00‐12.00 noon  Poster thumbnail presentations  

       Venues: Altum Room (Stewart 1) 

         DairyNZ Room (Stewart 2) 

         Commerce 1 Lecture Theatre   
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12.00‐1.00 pm    Poster viewing (coffee/tea available during poster viewing)   

      Venue: Landscape Foyer 

 

1.00‐2.00 pm    Lunch 

      Venue: Recreation Centre Hall 

       

2.00‐3.00 pm    Harry Stobbs Lecture 

P Gregorini   

Diurnal grazing pattern: Its physiological basis and strategic management  

Venue: Altum Room (Stewart 1) 

     

3.00‐3.30 pm    Afternoon tea 

      Venue: Stewart Foyer 

     

3.30‐5.15 pm     Concurrent Session 2     

   

 

Reproductive Performance‐ Survival and Growth 

Venue: Altum Room (Stewart 1) 

3.30‐5.15 pm 

RE Hickson, RL Laven, N Lopez‐Villalobos, PR Kenyon and ST Morris 

Postpartum anoestrous interval in first‐lactation beef and dairy‐beef 

crossbred cows 

 

RE Hickson, PR Kenyon, HT Blair, JE Harding, MH Oliver, AL Jaquiery, GB 

Nicoll and KG Burt 

The effect of liveweight and liveweight gain of ewes immediately post‐ 

weaning on the liveweight and survival of subsequent lambs 

 

SM Robertson, BJ King, JC Broster and MA Friend 

The survival of lambs in shelter declines at high stocking intensities 

 

JC Broster, DP Rathbone, SM Robertson, BJ King and MA Friend 

Ewe movement and ewe‐lamb contact levels in shelter is greater at higher 

stocking rates 

 

GK Barrell, M Wellby, MJ Ridgway, GW Asher and JA Archer 

Pre‐weaning growth of red deer calves is not determined by ability of hinds 

to produce milk 

 

S Gabb, S Hatcher, J Eppleston, B Watt and KJ Thornberry 

Managing the weaning transition of Merino lambs by promoting positive 

growth rates and increasing survival –is yard weaning a viable option?  

 

G Rose, HA Mulder, JHJ van der Werf, AN Thompson, MB Ferguson and JAM 

van Arendonk 

Genetically, Merino ewes that lose less live weight during joining have a 

higher chance of having lambs but the total weight of the born lambs is not 

affected 
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Pastures, Feed Quality and Forage 

Venue: Commerce 1 Lecture Theatre 

3.30‐5.15 pm 

XZ Sun, GC Waghorn, JHB Hatier and HS Easton 

Genotypic variation in in sacco dry matter degradation kinetics in perennial 

ryegrass (Lolium perenne L.) 

 

MC Barnett, JP Goopy, JR McFarlane, IR Godwin, JV Nolan and RS Hegarty 

Triiodothyronine influences digesta kinetics and methane yield in sheep 

 

A de Vega and DP Poppi 

The effect of sucrose addition on intake of tropical grass hay by sheep 

 

RE Vibart, M Tavendale, JL Burke and D Pacheco 

In vitro fermentation of [15N‐] ryegrass and ruminal digesta of sheep grazing 

a ryegrass‐based pasture in the morning or in the afternoon 

 

RH Bryant, ME Miller and GR Edwards 

Grazing behaviour of dairy cows on simple and diverse swards in summer 

and autumn 

 

XZ Sun, D Pacheco, SO Hoskin and DW Luo 

Rumen fermentation characteristics are influenced by feeding frequency in 

sheep fed forage chicory and perennial ryegrass at two levels of intake 

 

 

Dairy Science II 

Venue: DairyNZ Room (Stewart 2) 

3.30‐5.15 pm 

      KS Mandok, SI Greenwood, JK Kay, M Crookenden and JR Roche 

Brief Communication: Maintenance energy requirements of non‐lactating, 

pregnant dairy cows 

 

LR McNaughton and T Lopdell 

Brief Communication: Are dairy heifers achieving liveweight targets? 

 

DJ Williams and SJ Gibbs 

A comparison of milk fat composition between pasture based cows 

supplemented with either canola meal or wheat 

 

JK Kay, CVC Phyn, AG Rius, SR Morgan, TM Grala and JR Roche 

Once‐daily milking during a feed deficit improves energy status in early 

lactating dairy cows 

 

SK Dowling and MA Sutherland 

The effect of training to the milking parlour on the behavioural response to 

milking and milk production in first lactation heifers 

 

A Visser, N Lopez‐Villalobos and PCH Morel 

Validation of a bio‐economic dairy production model 
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6.15 pm    Coaches depart for Conference Dinner from Calder Drive. 

 

7.00 pm    Conference Dinner  

      Venue:  Addington Raceway, Legends Lounge 

Entertainment: Band ‘Puree’ 

 

10.15 and 10.45 pm  Coaches depart Addington Raceway for Lincoln University   

   

 

Thursday 5 July      

8.30 ‐10.30 am    Concurrent Session 3 

             

Ruminant Physiology Cattle  

Venue: Altum Room (Stewart 1) 

8.30 ‐10.30 am 

TM Syahniar, R Antari, D Pamungkas, Marsetyo, DE Mayberry and DP Poppi 

The level of tree legumes required to meet the maintenance energy 

requirements of Ongole (Bos indicus) cows fed rice straw in Indonesia 

 

SR Petty and DP Poppi 

The liveweight gain response of heifers to supplements of molasses or maize 

while grazing irrigated Leucaena leucocephala/Digitaria eriantha pastures in 

north‐west Australia 

 

SR McLennan, MJ Callaghan, AJ Swain and JF Kidd 

Effect of monensin inclusion in supplements for cattle consuming low quality 

tropical forage 

 

Marsetyo, Damry, SP Quigley, SR McLennan and DP Poppi 

Liveweight gain and feed intake of weaned Bali cattle fed a range of diets in 

Central Sulawesi, Indonesia 

 

JJ McGrath, DB Savage, JV Nolan and R Elliott 

Phosphorus and calcium retention in steers fed a roughage diet is influenced 

by dietary 25OH‐vitamin D 

 

ED Martínez, KE Turnbull, SP Quigley, SJ Streeter, A Swain, AV Klieve, D 

Ouwerkerk and DP Poppi 

Liquid‐phase denaturant gradient gel electrophoresis profiles of rumen 

bacteria from Brahman cross steers selected into two groups on the basis of 

post‐weaning liveweight gain on low crude protein pasture 

 

SA Bhatti, K Nazir, MJ Basra, MS Khan, M Sarwar and MAI Mughal 

Potential of Sahiwal cow calves for veal production under different dietary 

regimens 

 

L Li, J Davis, J Nolan and R Hegarty 

An initial investigation on rumen fermentation pattern and methane 

emission of sheep offered diets containing urea or nitrate as the nitrogen 

source 
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Quantitative Genetics and Genomics I 

Venue: DairyNZ Room (Stewart 2) 

8.30 ‐10.30 am 

Y Chen, PF Arthur, RM Herd, K Quinn and IM Barchia 

Using genes differentially expressed in bulls to classify steers divergently 

selected for high and low residual feed intake 

 

SB McIntyre, S‐AN Newman, EA Young and JC McEwan 

Brief Communication: Genetic and phenotypic parameters for stayability in a 

New Zealand research flock 

 

PJ Fisher, DL Hyndman, MJ Bixley, FC Oback, L Popovic, LT McGowan, MC 

Berg and DN Wells 

Brief Communication: Potential for genomic selection of bovine embryos 

 

JA Sise, TJ Byrne, NB Jopson, MJ Young and PR Amer 

A comparative analysis of genetic trends within the NZ sheep industry 

 

C Couldrey, R Brauning, EF Retzel and JC McEwan 

Brief Communication: Development of epigenomic analysis in agricultural 

animals 

 

J Solis‐Ramirez, N Lopez Villalobos and HT Blair 

Economic values for New Zealand dairy goats 

 

HJ Baird, SM Clarke and PL Johnson 

Brief Communication: Development of a visual scoring system for ovine 

pneumonia at the processing plant 

 

JC Tanner, CW Rogers, CF Bolwell and EK Gee 

Brief Communication: Preliminary examination of wastage in Thoroughbred 

and Standardbred horses in New Zealand using training milestones 

 

Precision Livestock Management and Modelling  

Venue: Commerce 1 Lecture Theatre   

8.30 ‐10.30 am 

DJ Brown, DB Savage, GN Hinch and SJ Semple 

Mob‐based walk‐over weights: similar to the average of individual static 

weights? 

 

D Silva‐Villacorta, N Lopez‐Villalobos, HT Blair, RE Hickson and AK 

MacGibbon 

Productivity and financial characteristics of herds that produce milkfat with 

different concentration of unsaturated fatty acids using a stochastic farm 

model 

 

AA Adler, GJ Doole, AJ Romera and PC Beukes 

Identification of cost‐effective management options for reducing 

greenhouse gas emissions by 10% on a dairy farm in Waikato, New Zealand 
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AJ Molenaar, HV Henderson, ML Burgess, WG Burgess, DL Johnson and K 

Singh 

Brief Communication: The use of milking intervals of individual cows in 

assessing herd test milk production data 

 

MG Trotter, G Falzon, RC Dobos and DW Lamb 

Developing a simple accelerometer based grazing sensor 

 

P Ricci, MGG Chagunda, C‐A Duthie, J Houdijk, R Roehe, J Rooke and A 

Waterhouse 

Methane emissions from ruminants ‐ towards a better understanding of 

outputs from the laser methane detector 

 

SK Muir, D Chen, FA Phillips, D Rowell, M Bai and J Hill  

Benchmarking emissions of methane and ammonia from Australian beef 

feedlots 

 

 

Disease, Animal Health and Welfare – Sheep 

Venue: Commerce 2 Lecture Theatre  

8.30 ‐10.30 am 

S Popp, J Eppleston, BR Watt, S Mansfield and RD Bush 

The prevalence of lice (Bovicola ovis) in sheep flocks on the central and 

southern Tablelands of New South Wales 

 

JE Morris, GM Cronin and RD Bush 

Improving sheep production and welfare in extensive systems through 

precision sheep management 

 

JE Smith, RG Woodgate, CA Curnow, DL Michael and AJ Van Burgel 

An investigation into the efficacy of the Te Pari Patesco knife in providing a 

bare tip and the relationship between tail length and dag score in 

unmulesed Merino lambs 

 

RD Bush, R Barnett, IJ Links and PA Windsor 

Using abattoir surveillance and producer surveys to investigate the 

prevalence and current preventative management of Caseous lymphadenitis 

in Merino flocks in Australia 

 

NK Pickering, KG Dodds, HT Blair, RE Hickson, PL Johnson and JC McEwan 

Brief Communication: Estimates of genetic parameters for flystrike in New 

Zealand Romney and Romney cross sheep 

 

DR Scobie, SM Hickey, AK Campbell and DP Maslen 

Genetic and phenotypic relationships among flystrike indicator traits in the 

Earnscleugh stud Merino flock 

 

S Mros, MA Ali, A Ghosh, A El‐Din Bekhit and M McConnell 

Brief Communication: In vitro evaluation of the antimicrobial effects of 

chitosan against bacteria involved in ovine footrot 
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AW Greer and AR Sykes 

Are faecal egg counts approaching their “sell‐by” date? 

 

10.30‐11.00 am   Morning tea 

      Venue:  Stewart and Commerce Foyers 

     

 

11.00‐1.00 pm    Concurrent Session 4 

 

 

Reproductive Performance ‐ The Maternal Environment 

Venue: Altum Room (Stewart 1) 

11.00‐1.00 pm   

CMC Jenkinson, AK Earl, PR Kenyon and HT Blair 

Effects of maternal nutrition during pregnancy on fetal growth and maternal 

constraint in sheep 

 

NP Martín, PR Kenyon, PCH Morel, SJ Pain, CMC Jenkinson, PG Hutton, ST 

Morris, SW Peterson, EC Firth and HT Blair 

Ewe nutrition in early and mid‐ to late‐pregnancy has few effects on fetal 

development 

 

NM Schreurs, PR Kenyon, PCH Morel and ST Morris 

Meta‐analysis to establish the response of having heavier mature ewes 

during gestation on the birth weight of the lamb and the weaning weight of 

the ewe and lamb 

 

SJ Pain, DS van der Linden, PR Kenyon and HT Blair 

Does dam pre‐breeding nutrition and/or birth rank affect the glucose and fat 

metabolism of 18‐month‐old female offspring? 

 

MFP Loureiro, SJ Pain, PR Kenyon, SW Peterson and HT Blair 

Single female offspring born to primiparous ewe‐lambs are lighter than 

those born to adult multiparous ewes but their reproduction and milk 

production are unaffected 

 

CMC Jenkinson, RK Sharma, PR Kenyon and HT Blair 

Effect of the maternal environment on fetal growth at mid‐gestation in 

sheep 

 

K Asmad, S Nakagawa, N Lopez‐Villalobos, PR Kenyon, SJ Pain and HT Blair 

Effects of maternal nutrition during pregnancy on the growth and 

reproductive development of male sheep: a meta‐analysis 

 

FA Sales, BP Treloar, D Pacheco, HT Blair, PR Kenyon, G Nicholas, M Senna 

Salerno and SA McCoard 

Brief Communication: Relationship between profiles of free amino acids in 

fetal and maternal plasma with those in skeletal muscle, in twin and single 

fetuses from ad‐libitum fed ewes in late gestation 
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Quantitative Genetics and Genomics II  

Venue: DairyNZ Room (Stewart 2)  

11.00‐1.00 pm   

JE Symonds, G Moss, N Jopson, R Roberts, J Birss, P Heath, SP Walker, RM 

Anderson, KM McEwan and PR Amer 

Family‐based selective breeding of New Zealand abalone, Haliotis iris: 

challenges and opportunities   

 

JE Symonds, SP Walker, I van de Ven, A Marchant, G Irvine, S Pether, Y 

Gublin, M Bruce, RM Anderson and KM McEwan 

Developing broodstock resources for farmed marine fish 

 

SP Walker, M Ingram, J Bailey, KG Dodds, PJ Fisher, PR Amer and JE Symonds 

Chinook salmon (Oncorhynchus tshawytscha) feed conversion efficiency: 

Evaluation and potential for selection 

 

SF Walkom, FD Brien, ML Hebart, NM Fogarty, S Hatcher and WS Pitchford 

Post‐weaning weight is highly genetically correlated to adult ewe weight 

 

N Lopez‐Villalobos, J Baudracco, NW Sneddon, KA Macdonald, SR Davis, RJ 

Spelman and CW Holmes 

Genetic parameters for milk production traits, live weight, change in body 

condition score and predicted methane production in New Zealand dairy 

cattle 

 

 

Meat Science and Products 

Venue: Commerce 1 Lecture Theatre 

11.00‐1.00pm  

J Siddell, BM McLeod, ES Toohey, R van de Ven and DL Hopkins 

The prediction of meat yield in lamb carcasses using primal cut weights, 

carcass measures and the Hennessy Grading Probe 

       

MI Knight, HD Daetwyler, BJ Hayes, MJ Hayden, AJ Ball, DW Pethick and MB 

McDonagh 

Discovery and trait association of SNP from gene regions of influence on 

meat tenderness and long‐chain omega 3 fatty acid content in Australian 

lamb 

 

CR Craigie, NR Lambe, RI Richardson, W Haresign, CA Maltin, C Rehfeldt, R 

Roehe, ST Morris and L Bunger 

The effect of sex on some carcass and meat quality traits in Texel ewe and 

ram lambs 

 

JL Kerslake, F Hely, G Maclennan, S Lindsay, MR Behrent and AW Campbell 

Brief Communication: Does castration status have an effect on the quality of 

lamb meat? 

 

YHB Kim, AD Stuart, K Rosenvold and G Maclennan 

Brief Communication: Impacts of different forages and packaging conditions 

on colour and lipid oxidation stability of lamb loins 
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AW Campbell, G Maclennan, S Lindsay, MR Beherent, I Cheong and JI 

Kerslake 

Brief Communication: Exploring the effects of growth rate and meat yield on 

lamb meat quality 

 

 

Disease, Animal Health and Welfare – Cattle 

Venue: Commerce 2 Lecture Theatre  

11.00‐1.00 pm   

TJ Lopdell, MC Berg, MP Green and PJ Back 

Effect of resolving a sub‐clinical uterine infection on plasma and follicular 

fluid steroid concentrations in early lactation dairy cows 

 

CA Morris and NC Amyes 

Heritability and repeatability of resistance to nematode parasites in 

commercial beef cattle 

 

EC Backmann, BC Hine, MK Broadhurst, K Kim, GA Smolenski, K Stelwagen 

and TT Wheeler 

Brief Communication: Host‐defence related bioactive proteins in cows’ milk 

during mastitis and after drying off 

 

AD Hetti Arachchige, EC Jongman, WJ Wales, AD Fisher and MJ Auldist 

Time budget of early lactating dairy cows in feeding systems based on total 

mixed ration fed in conjunction with reduced grazed pasture 

 

W Dalton and CKM Ho 

Economics of shade options to ameliorate heat stress in Northern Victoria 

 

R Antari, TM Syahniar, Marsetyo, DE Mayberry, D Pamungkas and DP Poppi 

Strategies for increasing body condition score of Ongole and Bali cows in 

Indonesian villages 

 

 

1.00‐2.00 pm    Lunch and close  

      Venue:  Recreation Centre Hall 
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Steer Liveweight Gains On ProgardesTM Desmanthus/Buffel Pastures In Queensland 

 
C. Gardiner and A. Parker 

 
School of Veterinary and Biomedical Sciences, James Cook University, Townsville, Qld. 4811 

 

Cattle in northern Australia’s semiarid tropics face an annual long dry season protein drought. In areas with 

light textured soils the legume Stylosanthes has been widely sown to help alleviate this problem and steer 

liveweight gains of an additional 60 kg/hd/yr are common over native grass only pastures. However, the vast 

areas of heavy textured soils such as the Brigalow and Mitchell Grass Downs bioregions are deficient in sown 

pasture legumes (Gardiner et al 2004) and the “rundown” in buffel grass monoculture pastures is of serious 

concern (MLA 2010). Collection, section and breeding of the legume Desmanthus that have survived drought, 

grazing, floods and frosts in or nearby long abandoned legume evaluation sites across northern and western 

Queensland has been the focus and methodology of seeking and developing adapted legume varieties for these 

regions (Gardiner et al 2004) and  has resulted in the development of ProgardesTM Desmanthus. Desmanthus is a 

Mimosaceae legume from the Americas and is known to be: persistent on clay soils, drought tolerant, palatable, 

non toxic, non thorny and contains good levels of crude protein. Desmanthus has long been touted as a potential 

legume for clay soils however little animal production data has been available on cattle grazing Desmanthus 
pastures. In Central Queensland’s Brigalow region ProgardesTM  Desmanthus seed was broadcast on to 250 ha of 

a ploughed out buffel grass pasture in December 2010 and locked up until late May 2011 when 130 young 

composite steers were introduced to the regrown buffel grass/established ProgardesTM  Desmanthus mixed 

pasture, an equivalent draft of 130 steers were opportunistically placed on an adjacent spelled but un-renovated 

buffel grass only pasture at the same stocking rate. Steer liveweights from both paddocks were recorded monthly 

over a dry frosty 90 day winter period (Figure 1). 

 
 

Figure 1.  Liveweight changes of steers grazing a buffel grass only pasture versus a renovated buffel plus 

ProgardesTM Desmanthus pasture in Central Queensland 

 

Although not a formal trial (which would have included a renovated buffel and no legume treatment) and it is 
recognised that there may have been some nitrogen made available by the renovation of the soil, the results 

suggest that increased weight gains found can be achieved by the incorporation of ProgardesTM Desmanthus into 

buffel grass pastures. MLA (2010) found that mechanical renovation can be effective in mitigating rundown but 

it is a short lived effect -  establish adapted legumes is a potential long-term solution. The results presented here 

suggest that ProgardesTM Desmanthus is well suited to the region and is compatible with buffel. Research to 

elucidate the long term mitigation of rundown via examining non renovated; renovated only and renovated plus 

legume treatment is planned. 

 
Gardiner C., Bielig L, Schlink A., Coventry R., and Waycott M. (2004). Proc. 4th Int Crop Sci. Congress.  
MLA (2010) http://www.mla.com.au/Research-and-development/Final-report-details?projectid=15139 
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How well does the CPM-Dairy nutrition model predict intake of clover and grain diets and 

ruminal pH in dairy cows? 
 

C.M.  Leddin
a
, P.T. Doyle,

a,b 

 

aDepartment of Primary Industries, Warrnambool Vic., 3280 
bCurrent address: Peter Doyle Consulting, PO Box 768 Byron Bay N.S.W., 2481 

 

While grain supplements are often fed during milking to increase milk production, the marginal milk 

responses to extra grain declines at high amounts of supplement.  The extent of the decline depends on the intake 

and characteristics of pasture, the rate of substitution of grain for pasture and stage of lactation.   
Nutrition models offer the potential to explore a broader range of conditions than would be possible through 

experimental work, providing they adequately predict intake, digestion in the rumen and production.  CPM-

Dairy is a steady-state model operating on a daily time step used in formulating total mixed rations for dairy 

cattle (Boston et al. 2000) and to formulate feeding strategies in pasture-based systems (Little et al. 2009). 

Predictions of Persian clover intake with and without grain supplementation, average daily ruminal pH and 

milk production by CPM-Dairy were compared with results from a feeding experiment reported by Leddin et al. 

(2010).  The predictions were generated using ‘Dairy One’ feed analysis results from Westons laboratory (NSW) 

that are required by the model (Leddin 2010) and physically effective neutral detergent fibre (peNDF) values of 

85% (the model library value) or a much lower value of 30% of NDF (Kolver and DeVeth 2002; Wales 2005). 

Table 1.  Comparison of mean treatment data (E) and CPM-Dairy predictions (P) using peNDF of 85% 

 

 Persian clover 
alone 

Persian clover + 
<10% grain 

Persian clover + 
10-18% grain 

Persian clover 
+ >18% grain 

 E P E P E P   E   P 

Dry matter intake (kg DM/cow.day) 18.4 17.0 20.4 17.8 21.2 18.7 21.3 19.4 
Rumen pH 5.9 6.5 5.7 6.5 5.6 6.5 5.7 6.5 

Milk production (kg/cow.day) 29.1 25.2 29.3 29.2 32.1 33.4 33.1 38.3 

When a peNDF value of 85% was used, the model under-predicted intake, estimated rumen pH as 6.5 

regardless of the amount of grain fed, underestimated milk production when Persian clover alone was fed and 

increasingly over-estimated milk production as the proportion of grain in the diet increased.  In CPM-Dairy, 

peNDF is a key factor influencing the digestibility of feeds and rumen fluid pH, and altering peNDF in pasture 

from 85 to 30% resulted in predictions of rumen pH of 5.9 for the herbage and 2 lower grain treatments and 5.8 

for the highest grain treatment.  There was no significant correlation (P=0.258) between predicted and measured 

pH using data for individual cows even when the lower peNDF value was used.   

At peNDF 85%, predicted milk production was significantly correlated with that measured, although less 

than half the variation was accounted for (R2=0.39).  There was also a significant relationship (P<0.001) when 
residuals (predicted minus observed values) were regressed against predicted values, indicating systematic bias.  

Using an adjusted peNDF decreased the model’s estimate of milk production due to the impact of reduced pH on 

the supply of metabolisable energy.  With the exception of the highest grain treatment, model predictions of milk 

production were lower than both the measured and estimated milk production prior to the peNDF being adjusted.  

As the cows were in early lactation, it is possible that milk production was affected by tissue mobilisation.  In 

this initial analysis, liveweight changes were not accounted for and would have affected model predictions of dry 

matter intake.  No attempt was made to adjust rates of fibre degradation in the model as in vivo rates of Persian 

clover NDF degradation were not able to be assessed accurately. Changing fibre degradation rates would also 

impact on predictions of intake.  

A key limitation to the use of the model in pasture-based milk production systems is reliable data on peNDF 

for grazed herbage from different species and at various times of year.  The under-prediction of pasture intake 
and the lack of a relationship between observed and predicted ruminal pH is consistent with Wales (2005).  This 

could lead to an overprediction of milk production responses to grain supplements by the model.   

Boston R.C., Fox D.G., Sniffen C.J., Janczewski R., Munsen R., Chalupa W., (2000). In ‘Modelling nutrient utilization in 
farm animals.’ (Eds J.P. McNamara, J. France, D.Beever) pp 361-377. 

Little S., King R., Lean I., Rabiee A., Breinhild K. (eds) (2009). A review of 11 applied dairy nutrition models used in 
Australia. Dairy Australia. 

Kolver E.S., DeVeth M.J. (2002). J. Dairy Sci. 85, 1255-1266. 
Leddin C.M. (2010).  Masters thesis.  The University of Melbourne. 
Leddin C.M., Stockdale C.R., Hill J., Heard J.W., Doyle P.T. (2010). Anim. Prod. Sci. 50, 837–846. 
Wales W.J. (2005).  PhD Thesis.  The University of Melbourne. 
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In Vitro Gas Production Kinetics of Khuzestan Albizia lebeck 
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The south-west of Iran (such as Khuzestan) has large expanses of Albizia lebeck trees that can be grazed by 

ruminants. The leaves and pods of this tree are highly palatable and nutritious, but contain phenolic compounds 

such as tannins (Bohra 1980). Improvement in the supply of protein available for absorption is a matter of 

practical concern in many ruminant production systems as the amounts of protein and amino acids delivered to 

the intestine commonly limit productivity; as shown by their responses to post ruminal supplementation 

(Ipharraguerre et al 2005). Tannins are phenolic secondary compounds in plants that are able to complex with 

proteins and also carbohydrates (Pérez Maldonado and Norton 1996). Among the beneficial effects, the 

protection of the protein against ruminal degradation has been described and, as a consequence, the supply of 

protein to the small intestine may increase (Silanikove et al 1996). The tannin–protein complexes may be 
cleaved, resulting in an increase in the amount of dietary protein available for digestion in the intestine (Lascano 

et al 2003). The objective of this experiment was to determine, using in vitro gas production, the fermentative 

parameters of Albizia lebeck leaves and pods. 

Approximately 500±10 mg of the oven dried and milled (1.0 mm screen) samples (A. lebeck leaves and pods) 

were incubated with 35 mL of buffered ruminal fluid (collected, prior to feeding, from two fistulated sheep fed a 

diet containing 250 g concentrate, 550 g lucerne hay and 200 g wheat straw) in 100 mL gas tight, glass syringes, 

according to the method of Menke and Steingass (1988). All samples were incubated in triplicate (one run) with 

3 syringes containing only the incubation medium (blank). Gas production was measured at 2, 4, 6, 8, 12, 24, 48, 

72 and 96 hours and net gas production from the samples was determined by correcting for the gas production 

from the blank. Cumulative gas production data were fitted to the exponential equation Y=B (1−e−
Ct), where B 

is the gas production from the fermentable fraction (mL), C is the gas production rate constant (mL/hour) for B, t 

is the incubation time (hours) and Y is the gas produced (mL) at time t.  The gas production data were subjected 
to analysis as a completely randomised design using the General Linear Model (GLM) procedure of SAS. 

Duncan’s multiple range test was used to compare treatment means at P< 0.05. 

The gas production parameters for the leaves and pods of A. lebeck are presented in Table 1. The potential 

and rate of gas production for the pods were greater (P<0.05) than that for the leaves. After 24 and 48 hours days 

incubation, gas production of the pods was higher (P<0.05) than that of the leaf material. This lower gas 

production is likely due to the leaves of A. lebeck containing higher concentrations of tannins than the pods. 

Typically, tannins cause to altered microbial profiles in the fermentation, reduced microbial numbers and or 

enzyme production from the microbes available to ferment substrate (Apajalahti et al 2004).  
 

Table 1. In vitro gas production parameters of Albizia lebeck 
 

   Treatments s.e.m P 

 Albizia lebeck leaf Albizia lebeck pod 

B (mL) 67.3b 86.92a 3.6 < 0.05 
C (mL/hour) 0.03b 0.04a 0.001 < 0.05 
Net gas production 
- 24 hours (mL) 

 
5.4b 

 
63a 

 
4.1 

 
< 0.05 

- 48 hours (mL) 55b 78a 4.8 < 0.05 

s.e.m: standard error of mean;  
means within each row with different superscripts are significantly different (p< 0.05). 
 

Apajalahti J.H.A., Kettunen A. and Graham H. (2004). World’s Poultry Sci. J. 60, 223.  
Bohra H.C. (1980). Annual Arid Zone. 19, 73. 

Ipharraguerre I.R., Clark J.H. and Freeman D.E. (2005). J. Dairy Sci. 88, 2879. 
Lascano C.E., Avila P., and Stewart J. (2003). Arch. Latinoam Prod. Anim. 11, 21 
Menke K.H. and Steingass H. (1988). Anim. Res. Develop. 28, 7. 

Pérez Maldonado R.A. and Norton B.W. (1996). Brit. J. Nutr. 76, 501. 
Silanikove N., Shinder D., Gilboa N., Eyal M. and Nitsan Z. (1996). J. Agric. Food Chemist. 44, 3230.  
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In northern Australia cattle graze crude protein (CP) deficient pastures for an extended period each year. 

Protein supplements are increasing in cost ($500/tonne) and alternative protein sources need to be identified. 
Some algae spp. are high in CP. The objective of this experiment was to determine the effect of Spirulina 

platensis, Chlorella pyrenoidosa and Dunaliella salina algae on microbial protein (MCP) production and rumen 

function in Bos indicus steers fed a low CP forage and compare the results with cottonseed meal (CSM), a 

commonly used protein supplement.  

Bos indicus cross-bred (3/4 Brahman) weaner steers (n=5; 187 ± 4 kg liveweight (LW) and body condition 
score 2.5, at the commencement of the experiment) were randomly allocated to individual pens, and received 

each of five treatments in a latin-square design consisting of five runs, conducted over 105 consecutive days. The 

five treatments were speargrass (Heteropogon contortus) hay (910 g OM, 24 g CP /kg DM) ad libitum, and 

speargrass hay ad libitum plus Spirulina (4 g DM/kg LW.d, 740 g OM, 648 g CP /kg DM), Chlorella (4.7 g 

DM/kg LW.d; 798 g OM, 548 g CP /kg DM), Dunaliella (4 g DM/kg LW.d; 213 g OM, 62 g CP /kg DM) and 

CSM (6 g DM/kg LW.d; 764 g OM, 422 g CP /kg DM); Spirulina, Chlorella and CSM were provided at 

equivalent amounts of N. Steers were fed treatments in individual pens for 12 d and then moved to metabolism 

crates for total collection of faeces and urine over 7 d, after a 2 d adaptation period. Retention time of chromium 
in the rumen was measured by offering steers 300 mL Cr-EDTA solution (2.8 mg Cr/mL) mixed with molasses 

on d 3 of the collection period with faecal samples collected prior to feeding and 24, 30, 36, 48, 54, 60 and 72 h 

after dosing. On completion of the collection period rumen and blood samples were collected and rumen 

ammonia-N and plasma urea determined. Microbial protein production was determined by measuring purine 

metabolites in the urine by HPLC. Statistical analyses of data were performed using the GLM procedure in SAS 

(SAS v9.2), fitting terms for steer and run (random effects) and treatment (fixed effect).  

Total dry matter intake was highest for steers supplemented with Spirulina and CSM and lowest for steers 

supplemented with the low CP algae, Dunaliella, and unsupplemented steers (Table 1). Microbial protein 

production and the EMCP did not differ between steers offered Spirulina, Chlorella and CSM supplements and 

these were higher than unsupplemented or Dunaliella supplemented steers. Rumen ammonia-N concentration 

reflected a higher N intake associated with Spirulina, and plasma urea concentration reflected higher N intake 
from Spirulina, Chlorella and CSM. Retention time of a particle marker (chromium) in the rumen was shorter for 

steers supplemented with Spirulina and CSM than for steers offered the other treatments.  

 

Table 1. Total dry matter intake (DMI), microbial protein (MCP) production, the efficiency of MCP 

production (EMCP), rumen ammonia-N, plasma urea and retention time (RT) of chromium-EDTA in the 

rumen of steers offered speargrass hay (SGH), and SGH supplemented with Spirulina, Chlorella, 

Dunaliella and Cottonseed meal (CSM)
1,2

  

 

Parameter SGH SGH + 

Spirulina 

SGH + 

Chlorella 

SGH +  

Dunaliella 

SGH +  

CSM 

SEM 

DMI (g DM/kg LW.d)  12.6a 21.2c 18.2b 13.4a 21.5c 1.5 

MCP production (g/kg LW.d) 0.28a 0.82b 0.87b 0.29a 0.89b 0.16 

EMCP (g MCP/kg DOM) 52.1a 90.7b 105.9b 56.5a 90.5b 16.2 
Rumen ammonia-N (mg/L) 26.9a 187.7b 82.9ab 38.6a 136.9ab 75.7 

Plasma urea (mmol/L) 2.20a 6.02b 6.67b 1.06a 5.88b 1.79 

RT (h) 24.6a 13.7b 21.9a 23.0a 14.7b 2.92 
1Values are least square means and standard error of the mean (SEM). 2Different alphabetical superscripts across 

each row indicate a significant difference between treatment means (P<0.05). 

 

Algae spp. high in N, such as Spirulina and Chlorella, result in an increase in intake and MCP production 

above unsupplemented steers fed a low CP forage. This increase is comparable to that evident when CSM is 

provided to steers at an equivalent N intake. Algae sources high in N may be an alternate protein supplement 

option for beef cattle producers in northern Australia, depending on cost and availability. 

 

We gratefully acknowledge Meat and Livestock Australia for funding this work. 
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The growth of cattle in the arid central Australian region varies greatly with rainfall. Growth is very good 

following rain but much lower during drought (Low and Wood 1979). Reproductive performance also varies 

with seasonal conditions, however the extent of this variation in heifers in central Australia is unknown as heifer 

performance on commercial properties in the region has not been documented during extended drought.  
The performance of heifers was recorded at Tieyon Station (about 80 km east of Kulgera, NT) between 2005 

and 2011. A large (498 km2) native pasture paddock was set stocked with approximately 500 continuously mated 

Angus heifers. Over the project the stocking rate was maintained and each year young heifers were added to the 

paddock replacing older animals. In total the performance of 1048 heifers was recorded. Initially there were 144 

maiden heifers, 110 first lactation heifers, 94 young heifers (<250 kg) and some older animals that were not 

recorded. The heifers were mustered twice a year (usually April and October) at which times their liveweight, 

stage of pregnancy and lactation status were recorded. The average daily gain (ADG) between musters (a period 

of about 6 months) was calculated for heifers that did not lactate during the period (dry heifers). These results are 

shown in Table 1 as well as the pregnancy rates in first lactation heifers at each muster and their average 

liveweight adjusted for stage of pregnancy (Av. LWAdj.) (using the method of O’Rourke et al. 1991).   

 
Table 1. The performance of heifers at Tieyon from 2005 to 2011  

 

Muster date 
 
 

Rainfall – 
during period 

(mm) 

Av. ADG of 
dry heifers 
(kg/day) 

Av. LW
Adj.

 of first 

lact. heifers 
(kg) 

First lact. heifer 
pregnancy rate 

(%) 

First lact. 
heifer  

n 

 7/06/2005   34    NA 321 15 110 

24/11/2005   54  0.275 305   6 147 

21/04/2006 115  0.438 316 17 148 

25/10/2006   27  0.209 320 11   96 

25/04/2007   87  0.200 292 16 151 

24/10/2007     9  0.287 304 11 123 

30/04/2008   72  0.241 319 22 137 

7/10/2008   28 -0.003 299   5 135 

20/04/2009 148  0.736 361 47 116 

10/08/2009   25  0.193 338 22   36 

20/04/2010 247  0.442 432 41   96 

5/10/2010 126  0.602 472 57   47 

20/04/2011 374  0.503 502 74   47 

 

Drought conditions were experienced from the start of 2004 to the end of 2008 (with an average annual 

rainfall of 143 mm) and Table 1 shows that pregnancy rates in first lactation heifers were low (< 25%) during 

this period. The drought broke with 90 mm of rain in November 2008 and the seasonal conditions were good 

from then until the end of the study. As a result growth (ADG), average liveweight of first lactation heifers and 

their pregnancy rates were much higher after 2008.  

Heifer performance at Tieyon varied considerably between good and bad seasons. ADG (between musters) 

was as low as -0.003 kg/day during drought and as high as 0.736 kg/day in a good season (Table 1). Pregnancy 
rates in first lactation heifers at April musters averaged 17.5% during the drought, compared to 74% in April 

2011 after 2 years with good rainfall. There was a strong positive association (r = 0.941, p<0.0001) between the 

average adjusted liveweight and pregnancy rates of first lactation heifers at musters.   

These results provide information on heifer performance in different seasonal conditions in central Australia 

and demonstrate the strong effect of liveweight on fertility, as observed in previous studies (eg. Entwistle 1983).   

 
Entwistle KW (1983) AMRC Review. No. 43. 1-30. 
Low WA, and Wood JT (1979) Aust. J. Exp. Agric. Anim. Husb. 19: 283. 
O’Rourke PK, Entwistle KW, Arman C, Esdale CR and Burns BM (1991) Therio. 36:839-853.   
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The incubation media is a factor that may influence the gas production (GP) concentrations of in vitro 
ruminal fermentation and degradability of feedstuffs (Mould et al., 2005).   Cumulative In vitro GP is associated 
with feedstuff degradation (Mould et al. 2005).  However, GP alone does not provide direct information on 
either the extent of degradation or the quantity of fermentative end products.  Some authors have questioned the 
use of complex buffer solutions  such as the Goering Van Soest media, suggesting a simplified in vitro media 
would improve safety and reduce cost without negatively impacting on analytical precision (Mould et al., 2005).  
The current experiment was conducted to compare the Goering-Van Soest and Kansas State incubation media as 
commonly used in ruminal in vitro studies to evaluate feedstuffs (Goering and Van Soest, 1970; Marten and 
Barnes, 1979). The in vitro gas production (GP) was completed using a commercial wireless GP apparatus 
(AnkomRF GP System).  The study included eight replicates and two controls for each of the two treatments. 
Each module (250ml) was filled with 1g of ground Rhodes grass (Chloris gayana) hay, and either 105ml of the 
Goering Van Soest or Kansas State  buffer solutions preheated to 390C.  Rumen fluid was collected 3h after the 
morning feeding from fistulated Brahman steers consuming Rhodes grass hay. The rumen inoculums (25ml) 
were poured into each of the vessels. Anaerobic conditions were maintained throughout the preparation and 
conduct of the experiment. The apparatus was set up to record GP every 15 minute to avoid super-saturation of 
the liquid phase. Results are described in Figure 1. 

Figure 1. Cumulative gas production from the In vitro fermentation of Rhodes grass (Chloris gayana) hay 
using the Kansas State Buffer or the Goering Van Soest buffer as incubation media 

The Goering-Van Soest buffer allowed greater GP than the Kansas State buffer in this experiment at 24, 48 
and 72h (P<0.001).    The Goering-Van Soest media demonstrated a greater buffering capacity for in vitro 
fermentation and degradability studies of Rhodes grass hay as demonstrated by GP.  The pH declined (p<0.05) 
for both treatments throughout the experiment.  The Goering Van Soest treatment declined from 7.4 to 6.81 
whereas the Kansas State buffer decreased from 6.80 to 6.39.  The decline in pH may have affected the 
cellulolytic bacterial population in the Kansas State Buffer treatment.  When undertaking or comparing in vitro
studies using cellulolytic substrates consideration needs to be given to the incubation media used.   

Goering, H.K. and Van Soest, P.J. (1970) Forage fiber analyses (apparatus, reagents, procedures, and some applications), 
U.S. Agricultural Research Service; (Washington). 

Marten, G.C. and Barnes, R.F. (1979) Workshop on Standardization of Analytical Methodology for Feeds, 12-14 Mar. 1979, 
Mould, F.L., Morgan, R., Kliem, K.E. and Krystallidou, E. (2005)  Anim  Feed Sci & Tech 123: 155-172.  

Corresponding Email: anthony.parker@jcu.edu.au 
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Can long-term differences in phosphorus nutrition affect glucose homeostasis in growing steers? 
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A
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, and D.P. Poppi
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AThe University of Queensland, Brisbane Q.L.D., 4072 
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Bone tissue is now considered an endocrine organ following the discovery that in mice models a form of 

oesteocalcin (undercarboxylated osteocalcin; GluOC) directly communicates with the pancreas and adipose 

tissue to regulate glucose homeostasis (Lee et al. 2007). Our aim in this study was to extend the understanding of 

this new hormone in food producing animals, such as the steer. A practical means of manipulating bone in steers 

is to modify phosphorus (P) nutrition (Underwood and Suttle, 2001). So we tested the hypothesis that long term 

improvements in the P nutrition of steers might improve glucose homeostasis, via GluOC. 
To generate groups of steers with different bone development, eighteen Droughtmaster weaners, starting at 

approximately 180 kg liveweight, were individually fed, ad libitum, a complete pelleted diets at one of three 

levels of P (Severely inadequate, P1, 0.9gP/KgDM; Moderate, P3, 1.8gP/KgDM; Excessive, P5, 2.4gP/KgDM), 

n = 6 per P level, continuously for approximately 5 months. After the 5 months an intravenous glucose tolerance 

test (IVGTT) was applied to each steer. The IVGTT involves a 300 mg/kg liveweight jugular infusion of 

glucose, with serum samples collected for glucose and insulin analysis at 2, 4, 6, 8, 10, 12 , 15, 18, 20, 23, 26, 

30, 35, 40, 50, 60, 90, 120, 150, 180, 210 and 240 minutes relative to the glucose infusion. The IVGTT data 

were subsequently entered into MINMOD, a computer program that calculates insulin sensitivity parameters 

(Boston et al. 2003). Serum collected prior to the glucose infusion was also assayed for the hormonal (Glu) and 

non-hormonal (Gla) forms of OC. To indicate the extent of treatment effect on bone development, liveweight 

and hip heights were taken, and bone density on a biopsy from the 12
th rib approximately two weeks after the 

IVGTT was gravimetrically determined.  
At the time of the IVGTT, liveweights (kg ± se) were: P1, 300 ± 5; P3, 359 ± 12; P5, 417 ± 10. Rates of 

change in hip height (mm/100 days ± se) over the entire feeding period were: P1 = 28.8 ± 3.0; P3 = 45.7 ± 7.3; 

P5 = 55.9 ± 1.2. Yet despite these large differences in animal performance, the density (g/cm2 ± se) of the outer 

cortical bone in rib biopsies was unaffected by P treatment (P1 = 1.63 ± 0.02; P3 = 1.59 ±  0.02; P5 = 1.67 ±  

0.04), as were serum levels of both GluOC (P1 = 9.4 ± 4.3 ; P3 = 12.2 ± 3.0; P5 = 26.6 ± 10.9 ng/ml) and GlaOC 

(P1 = 163 ± 34 ; P3 = 151 ± 22; P5 = 175 ± 7 ng/ml). Moreover, the MINMOD software could not interpret the 

IVGTT data for the majority of the steers. This precluded estimation of parameters of insulin sensitivity.  

The inability of MINMOD to accommodate the IVGTT data could have been due to the steers being overtly 

stressed at the time of sampling during the IVGTT.  Retrospective measurement of serum cortisol at the 

beginning and end of the IVGTT confirmed a stress response in most animals that persisted throughout the 

IVGTT. We conclude that this stress response obscured our testing of the hypothesis that previous P nutrition 
influences the sensitivity of steers to insulin. 

This project was funded by Meat and Livestock Australia, the University of Queensland, and Dairy Australia. 

 
Boston et al. (2003). Diabetes Technology and Therapeutics. 5, 1003-1015. 

Lee N.K., Sowa H., Hinoi E., Ferron M., Deok Ahn  J., Confavreux  C., Dacquin  R., Mee P.J., McKee M.D., Young Jung, 
D., Zhang Z., Kim J.K., Mauvais-Jarvis F.,  Ducy P. and Karsenty G. (2007). Cell. 130, 456-469. 

Underwood E.J. and Suttle N.F. (2001). The Mineral Nutrition of Livestock. CABI publishing, Oxon, UK. 
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Daily feed intake and growth rate of lambs fed on annual pasture hay with supplements of 
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Lamb finishing pastures in Victoria comprise introduced pasture species that have their highest productivity 

during spring in line with rainfall distribution in the temperate zone.  When annual pastures (AP) senesce there is 

a reduction in the quantity and nutritive value of feed for lambs and if producers do not have access to perennial 
pastures, supplementation of lambs with grains or higher nutritive value hay is required to ensure live weight 

targets are met.  Opportunities exist for producers to make better use of senesced AP through strategic 

supplementation to improve the growth of lambs and the nutritive value of lamb meat.  More omega 3 fats in the 

meat can result in higher nutritive value for consumers and higher Vitamin E content can extend the shelf life of 

meat. In previous research, lambs grazing senesced AP supplemented with flaxseed either as crushed seed or as 

meal, resulted in higher liveweight gain compared to lambs grazing the same pasture supplemented with hay and 

oat grain (Burnett et al 2012).  There is no current information on the growth rate of lambs fed algae 

supplements.  The objective of this study was to determine the feed intake and liveweight gain from lambs fed 

AP hay with supplements of algae and/or flaxseed.   
 
Two runs of lambs (60 per run) were fed in an animal house for a period of 8 weeks from March to May 

(Run 1) and from May to July (Run 2) in 2010.  In each run, groups of 10 lambs were randomly allocated to one 
of 6 pens.  Treatments were randomly allocated to runs in a full factorial design. Lambs were selected on initial 

liveweight (25-35 kg) and fed ad libitum with prepared diets of annual ryegrass hay (60%) and clover hay (40%) 

pellets (HAY) plus supplements.  All diets comprised crude protein (CP) of 10.6-11.7% and estimated 

metabolisable energy of 10.0-13.2 MJ/kg DM. All treatments were supplied with dried molasses at 3.6% of the 

total daily ration.  The treatments were T1: HAY (nil); T2: HAY plus flaxseed flakes (10.7%); T3: HAY plus 

DHA algae (1.8%); T4: HAY plus flaxseed flakes (10.7%) plus DHA algae (1.8%).  Lambs fed from automatic 

feeders where individual daily feed intake was recorded and liveweights measured weekly. 
 
Feed intake and lamb growth rate were averaged for each group and analysed using analysis of variance 

adjusted for initial liveweight. The block structure was specified as Pen. The treatment structure was specified as 

Run + DHA*Flaxseed. All analyses were followed by residual diagnostics to check the usual constant variance 

and normal distribution assumptions. Least significant differences (5% level) were used to separate treatment 
means, subject to significant F-tests. All statistical analyses were conducted in the GenStat statistical package 

(GenStat Release 14. Copyright 2009, VSN International Ltd). 

 

Table 1.  Average daily feed intake (kg/day) and growth rate of lambs (g/day) 

 
Treatment Average feed intake Average growth rate  

T1 (nil) 1.53 176 
T2 (flaxseed) 1.46 236 

T3 (algae) 1.30 158 
T4 (flaxseed and algae) 1.26 185 
LSD P<0.05 0.17 36 

 

The inclusion of flaxseed (T2) in the lamb diet resulted in higher (P<0.05) daily liveweight gains compared to 

all other treatments (Table 1).  Average daily feed intake was significantly higher (P<0.05) for T1 (1.53 kg/d) 

compared with T3 (1.30 kg/d) and T4 (1.26 kg/d) and higher (P<0.05) for T2 compared with T4.  These results 

indicate that flaxseed provided as a supplement can improve growth rates when lambs are fed on annual pasture 

hay.  
 

Burnett V.F., Seymour G.R., Norng S., Jacobs J.L. and Ponnampalam E.N. (2012) An. Prod. Sci. (In Press). 
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The Effect of PEG on Nutritive Value of Khuzestan Zizyphus jujuba 

 

M. Chaji and T. Mohammadabadi  
 

Department of Animal Science, Ramin Agriculture and Natural Resource University, Molasani, Ahvaz, Iran (Khozestan)      

 

Zizyphus jujuba tree in the south-west of Iran (such as Khuzestan) can be grazed by ruminants. The leaves of 

this tree contain phenolics such as tannins, which are phenolic secondary compounds in plants that are able to 

complex with proteins and carbohydrates (Pérez Maldonado and Norton 1996). It has been reported that tannins 

decrease cumulative gas production, probably by formation of tannin–macromolecule complexes which inhibit 

microbial enzymes and nutrient utilisation by ruminal anaerobes (McSweeney et al 2001). Polyethylene glycol 

(PEG) can form a stable complex with tannins and prevent the binding between tannins and proteins, thereby 

reducing the detrimental effect of condensed tannin in ruminant diets. The objective of this experiment was to 

determine the effect of PEG on degradative parameters of Khuzestan Zizyphus jujuba leaves by the in vitro gas 

production technique. 

About 300 mg (known weight) of oven dried and milled samples (1.0 mm screen, Zizyphus jujuba leave 

collected from Khuzestan pasture, as untreated or treated with 20 mg PEG MW 6000) was incubated with 35 mL 

of buffered ruminal fluid (collected prior to the morning meal from two fistulated sheep that were fed a diet 

containing 250 g concentrate, 550 g lucerne hay and 200 g wheat straw) in 100 mL gas-tight, glass syringes, 
according to the method of Menke and Steingass (1988). All samples were incubated in triplicate (one run) with 

3 syringes containing only incubation medium (blank) and gas production from the sample was corrected for the 

blank. Gas production was measured at 2, 4, 6, 8, 12, 24, 48, 72 and 96 h. Cumulative gas production data were 

fitted to the exponential equation Y=B (1−e−Ct), where B is the gas production from the fermentable fraction 

(mL), C is the gas production rate constant for B, t is the incubation time (h) and Y is the gas produced at time t. 

Data of gas production were subjected to analysis as a completely randomised design using the General Linear 

Model (GLM) procedure of SAS. Duncan’s multiple range test was used to compare treatment means at P < 

0.01. 

The potential and rate of gas production of Zizyphus jujuba leaves was 67.3 and 0.03 mL/hour. Use of PEG 

caused an increase (P < 0.05) in both gas production from the fermentable fraction (72.9 mL) and constant rate 

of gas production of Zizyphus jujuba leaves. Net gas production after 24 and 72 h incubation was 49.4 vs 47.4 

mL and 64.5 vs 61.1 mL, for samples treated with PEG and untreated, respectively (P < 0.05). The reduction of 

gas production in the untreated samples may have been due to a decline in attachment of microbes to feed 

particles (Alipour and Rouzbehan 2010) as a result of the higher tannin concentrations. Makkar (2003) reported 

that if tannin concentration in the diet becomes too high, microbial enzyme activities including cellulase and 

intestinal digestion may be depressed. Therefore PEG has potential to decrease the phenolic related anti-nutritive 

effects in browse plants and increase the supply of the nutrients to rumen microflora therefore improving 

digestion of fibrous feeds (Jones et al 2000). PEG supplementation will therefore improve the nutritive value of 

Zizyphus jujuba leaves.  
 

Table 1. The effect of PEG on in vitro gas production parameters of Zizyphus jujube leaves 

 

    Treatments s.e.m              P 

 Zizyphus jujuba Zizyphus jujube+PEG   

B (mL) 67.3b 72.9a 0.6 < 0.05 

C (mL/h) 0.03b 0.04a 0.001 < 0.05 
24 h incubation 47.4b 49.4a 0.1 < 0.05 
48 h incubation 61.1b 64.5a 0.5 < 0.05 

s.e.m: standard error of mean,  
means within each row with different superscripts are significantly different (P < 0.05). 
 
Alipour D. and Rouzbehan Y. (2010). Livestock Sci. 128, 87. 
Jones G.A., McAllister T.A. Muir A.D. and Cheng K.J. (1994). Appl Environ. Microb. 60, 1374. 

Makkar H.P.S. (2003). Small Rum. Res. 49, 241. 
McSweeney C.S., Palmer B. McNeill D.M. and Krause D.O. (2001). Anim. Feed Sci. Tech. 91, 83. 
Menke, K.H. and Steingass H. (1988). Anim. Res. Develop. 28, 7. 
Pérez Maldonado R.A. and Norton B.W. (1996). Brit. J. Nutr. 76, 501. 
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Prediction of Nitrogen-Use Efficiency of Dairy Cows Fed on Pasture 
 

L. Cheng, R. H. Bryant and G. R. Edwards 

 
Faculty of Agriculture and Life Science, Lincoln University, P.O. Box 84, Lincoln 7647, New Zealand  

 

Nitrogen-use efficiency (NUE; milk N/N intake) is the efficiency of converting feed N into milk N and it is 

an important component of sustainable and profitable dairy farming. The high concentration of pasture N means 

that NUE tends to be low in temperate pasture grazing systems and large surplus N is excreted to the 

environment as urine (Di and Cameron 2002). Cheng et al (2011) suggested that quantifying NUE in grazing 

systems is limited by the fact that current techniques are subject to experimental errors (N balance) or susceptible 
to diurnal variation (milk urea N; MUN). Prediction equations offer estimations of NUE that are difficult to 

measure, and this information may be used to identify efficient cows or evaluate different grazing management 

impacts on NUE. Therefore, the objective of this study was to develop an equation for predicting NUE from 

grazing dairy cows. 

Two grazing management strategies (short-14 days or long-28 days pasture re-growth interval) were 

commenced at Lincoln University Research Dairy Farm, New Zealand. Thirty-six mixed-age, Friesian x Jersey 

cows (105 ± 3.1 days in milk), were assigned to 1 of 2 dietary treatments in 3 replicates of 6 cows per herd. All 
cows were milked twice daily on the farm. Cows on the long re-growth treatment received fresh pasture 

immediately following each afternoon milking (16.00), while cows on the short re-growth treatment received 

pasture following each morning milking (08.00). Study was conducted with 4 days dietary adaptation and 4 days 

measurement. Target pasture allowance was 19 kg DM/cow.day; actual DM intake was measured by quadrat 

cuts from pre- and post-grazing pasture. N concentration of pasture (Foss NIR System), milk yield (Delaval 

Alpro Herd Management System), milk composition (Foss Fourier Transform Infrared Analyser) and MUN 
(Modular P Analyser) were analysed. Mid-stream spot urine sample was collected after each milking from each 

cow and analysed for N concentration (Variomax CN Analyzer). In addition, a newly identified N metabolism 

marker δ15N, was analysed using urine and pasture samples (Stable Isotope Ratio Mass Spectrometry). The 

Genstat statistical package (Version 12.2) was used for ANOVA and linear regression analysis. 

In this study, a wide range of NUE (0.20 to 0.41 g/g; P < 0.001) was achieved by altering pasture 

management and time of feeding. Dietary treatments had significant effect on DM intake (kg/cow.d; P < 0.001), 

pasture N concentration (%; P < 0.001), milk yield (kg/d; P < 0.05), MUN (mg/dL; P < 0.001), urinary N 

concentration (%; P < 0.001) and pasture d15N - urine d15N (‰; P < 0.001). Less than 10 % of the variation in 

NUE was explained by milk yield or pasture δ15N - urine δ15N (Table 1). Unlike Broderick (2003) who showed 

that NUE was related to MUN, no relationship was found in current study. As a single variable, DM intake 

explained more than half of the variation in NUE (r2 = 0.52); hence it was applied as the base line to further 
establish NUE prediction equation using multiple linear regression analysis. When milk yield was added into the 

equation, a strong relationship was found (r2 = 0.82; Table 1); with no further improvement of prediction 

accuracy while adding MUN, pasture δ15N - urine δ15N or urinary N concentration into the equation.  

 

Table 1. Simple linear relationship between nitrogen-use efficiency (NUE; milk N/N intake) and measured 

variables 

  

Equation r2 SE P 

NUE (g/g) = -0.01 × dry matter intake (kg/cow.d) + 0.50 0.52 0.035 < 0.001 
NUE (g/g) = 0.01 × milk yield (kg/cow.d) + 0.18  0.08 0.048 < 0.1 
NUE (g/g) = 0.02 × (pasture δ15N - urine δ15N) (‰) + 0.23 0.07 0.050 < 0.1 

NUE (g/g) = -0.01 × milk urea nitrogen (mg/dL) + 0.36 0.04 0.049 NS 
NUE (g/g) = -0.09 × urinary nitrogen concentration (%) + 0.32 
NUE (g/g) = -0.02 × DM intake (kg/cow.d) + 0.01× milk yield (kg/cow/d) + 0.37  

0.03 
0.82 

0.049 
0.022 

NS 
< 0.001 

 

The result showed that combining DMI and MY can provide accurate prediction of NUE. The prediction 

equation may be used to evaluate NUE of grazing dairy cows. 

 
Broderick G.A. (2003). J. Dairy. Sci. 86, 1370. 
Cheng L., Kim E.J., Merry R.J. and Dewhurst R.J. (2011). J. Dairy. Sci. 94, 2031. 
Di H.J. and Cameron K.C. (2002). Soil Use and Management. 18, 395. 
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Effect of Soybean Oil Supplementation on Carcass Characteristics and Meat Quality of 

Iranian Kids 

 
M. H. Najafi, S. Zeinoaldini, M. Ganjkhanlou and H. Mohammadi 

 
Department of Animal Science, University College of Agriculture and Natural Resources, University of Tehran, Karaj, 

Iran 
 

Deposition and distribution of body fat influences the consumer acceptance of meat. Dietary vegetable oils 
can influence body fat deposition in ruminants (Marinova et al 2001). The objective of this study was to 

investigate the effect of dietary polyunsaturated fatty acids (PUFA) of soybean oil on carcass characteristics and 

meat quality of Iranian kids. Sixteen male goat kids (initial age 5 months) were allocated by stratified 

randomisation on the basis of body weight (19.43±1.2 kg) into 2 equal groups. Kids were individually penned 

and were fed a total mixed ration supplemented with either palm oil (Control) or soybean oil at 2% DM. After 84 

days, the kids were slaughtered, non-carcass components were removed, and then carcass was chilled at 4°C for 

24 hours. Instrumental meat quality (ultimate pH, colour estimates, cooking loss and Warner Braztler shear 

force) analyses were undertaken on the longissimus dorsi (LD) muscle. Sensory characteristics of samples were 

assessed by 6 semi-trained panelists using an 8 point category scale described by Sañudo et al. (1998). The 

panellists were asked to assess goat odour intensity, tenderness, juiciness, flavour intensity, flavour quality and 

overall acceptability (scale 1 = non odour, extremely tough, extremely dry, no flavour, dislike extremely flavor 
and dislike extremely; scale 8 = very strong goat odour, extremely tender, extremely juicy, very strong flavour, 

like extremely flavour and like extremely). Data were analysed as a completely randomised design using the 

General Linear Model (GLM) procedure of the Statistical Analysis Software package (SAS Institute 2002). 

Least-square means were computed and tested for differences by the Tukey’s test. Differences of least squared 

means were considered to be significant at P < 0.05. While soybean oil decreased kidney and pelvic fat (P < 

0.05), soybean oil supplementation had no effect (P > 0.05) on other carcass characteristics, instrumental meat 

quality and sensory attributes (Table 1). Although soybean oil supplementation decreased kidney and pelvic fat 

deposition, the fatty acid composition of the diet has minor effects on carcass characteristics, meat quality and 

sensorial attributes of kids. 

 

Table 1 Carcass characteristics, meat quality traits and sensory attributes of growing kids  

 

  Diets   

 Control Soybean oil SEMA P-value 

Final body weight (kg) 34.47 33.21 1.2 ns 
Cold dressing percentage 43.60 43.26 0.45 ns 
Chilling loss % 2.13 2.24 0.23 ns 
GR (mm) 2.90 2.99 0.13 ns 
Kidney and pelvic fat (g) 603.32a 468.82b 37.40 * 

Carcass length (mm) 584.6 568.0 20.1 ns 
Eye muscle area (cm2) 13.04 12.63 0.62 ns 
pH24 5.72 5.81 0.11 ns 
L* value 42.86 43.35 0.74 ns 
a* value 14.58 14.87 0.29 ns 
b* value 11.31 11.59 0.47 ns 
Chroma value 18.48 18.85 0.49 ns 
Hue angle 37.77 37.95 0.84 ns 
Cooking loss (%) 27.10 26.29 0.86 ns 

Shear force (kg) 4.27 4.35 0.29 ns 
Goat odour intensity 5.64 5.87 0.21 ns 
Tenderness 4.90 5.09 0.33 ns 
Juiciness 5.62 5.39 0.45 ns 
Flavour intensity 5.74 5.30 0.40 ns 
Flavour quality 5.36 5.12 0.29 ns 
Overall acceptability 5.12 5.02 0.44 ns 

           a,bMeans within each row carrying no common letter are different at P<0.05 using Tukey's method. 
AStandard error of the mean 
ns, not significant (P > 0.05); * P < 0.05  

 
Marinova, P., Banskalieva, V., Alexandrov S., Tzvetkova V., and Stanchev H. (2001). Small Rumin. Res. 42, 217. 
Sañudo C., Nute G.R., Campo M.M., María G., Baker A., Sierra I., Enser M. E. and Wood J.D. (1998). Meat Science 48, 91. 
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It may be possible to increase both carcass weight and muscle omega-3 fatty acid concentrations in lambs 

grazing forage diets of low to moderate nutritive value through supplementary feeding during the finishing 

period. For example, dietary lipid supplements may provide additional metabolisable energy (ME), while also 
increasing the health-claimable omega-3 fatty acid (eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA)) concentrations in meat. This study investigated the influence of flaxseed or algae supplement on blood 

metabolites, carcass weight and muscle omega-3 fatty acid concentration in lambs consuming ryegrass-clover 

hay diet of moderate nutritive value (118 g CP/kg DM and 10.2 MJ/kg DM). 

One hundred and twenty crossbred ewe lambs (~ 9 month old) were assigned to 12 groups based on initial 

liveweight (25-35 kg), then randomly allocated to one of 4 dietary treatments: Basal diet (annual ryegrass-clover 

hay) = BAS; Basal diet with flaxseed (10.7%) supplement = Flax; Basal diet with algae (1.8%) supplement = 

Algae; Basal diet with flaxseed (10.7%) and algae (1.8%) supplements = FlaxAlgae. Diets were formulated with 

ingredients (hay pellets, flaxseed and/or algae, dry molasses) and fed ad libitum for 8 weeks. Blood samples 

were collected at commencement and end of the study. At 24 hours post-slaughter, carcass weight was measured 

and samples of longissimus lumborum muscle were collected for the determination of long chain omega-3 fatty 
acids. Data were analysed using ANOVA suitable for the main and interactive effects of flaxseed (Flaxseed and 

Nil) and Algae (Algae and Nil). Initial plasma concentrations and liveweight were used as co-variates for plasma 

and carcass weight, respectively. 

 

Table 1. Blood plasma glucose and insulin concentrations, carcass weight and muscle omega-3 fatty acid 

(sum of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) concentrations in lambs 

 
 BAS Flax Algae FlaxAlgae SED  

Glucose (mmol/L) 3.73 3.97 3.84 3.81 0.19 
Insulin (mU/mL) 7.69b 7.97b 5.46a 6.57ab 0.81 
Carcass weight (kg) 19.80a 22.40c 20.10a 21.17b 0.31 

Omega -3 (mg/ 100g meat)# 25.1 
(3.22)a 

24.9 
(3.21)a 

85.3 
(4.45)c 

67.1 
(4.21)b 

 
0.03 

#Data were transformed using a natural log transformation and values are given in parenthesis. 

 

There was no effect of diet on plasma glucose concentrations whereas plasma insulin concentrations were 

lower (P< 0.01) in the lambs supplemented with Algae alone (Table 1). Carcass weight was similar between 

BAS and Algae group but was higher (P< 0.01) in the lambs supplemented with Flax compared to the BAS or 

Algae group. Algae (240%) and FlaxAlgae (168%) diets dramatically increased (P< 0.001) the health claimable 

omega-3 fatty acid contents (EPA + DHA) in meat compared with BAS or Flax group. Results show that a 135 g 
serve of Algae supplemented lamb meat provides 129 mg of long chain omega-3 (EPA+DHA+DPA) fatty acid. 

According to Australian Nutrient Reference Values this is more than the daily recommended amount for women 

and 80% of the requirement for men to prevent deficiency. 
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Growing consumer concern for food safety, specifically the use of antibiotics in food production has 

implications for the intensive beef production sector. Saccharomyces cerevisiae I-1077 has the potential to 

provide an alternative to rumen modifying antibiotics due to its specific mode of action in the rumen. While 

yeasts and bacteria have been used in agriculture for decades, the literature often reports inconsistent and 

variable effects, thus making it difficult to reach convincing conclusions. The aim of this study was to examine 

the potential application for Saccharomyces cerevisiae I-1077 in Australian beef feedlot production. 

Eighteen rumen-fistulated beef steers, housed in individual pens were randomly allocated to 2 treatment 

groups, with or without the addition of Saccharomyces cerevisiae I-1077 at 0.4 g/head.day (2 x 1010 cfu/g). The 

total study period was 42 days, with a 6-day adaptation period where steers were offered ad libitum lucerne 

(Medicago sativa) hay, followed by 3 diet changes. On a dry-matter basis, the diets were as follows: diet 1 (from 
days 7-13) - wheat chaff 28.3%, dry distillers grains (DDG) 26.6%, steam-flaked sorghum 34.6%, Molafos 8.1% 

and limestone 2.3%; diet 2 (from days 14-20) - wheat chaff 15.4%, DDG 11.9%, steam-flaked sorghum 63.6%, 

Molafos 7.4% and limestone 1.8%; diet 3 (days 21-42) - wheat chaff 11.3%, DDG 5.4%, steam-flaked sorghum 

75.4%, Molafos 6.6% and limestone 1.2%. Animals were fed twice daily 12 hours apart (am and pm), 

Saccharomyces cerevisiae I-1077 was mixed with a cereal carrier and top dressed between the morning and 

afternoon feeds. During the final 2 days of diet 1 (days 12 and 13), diet 2 (19 and 20) and diet 3(days 27 and 28) 

in situ degradation of steam-flaked sorghum and wheat chaff were measured at 0, 3, 6, 9, 12, 18, 24 and 48 

hours. Ground (1 mm sieve) samples of steam-flaked sorghum and wheaten chaff were added to nylon bags and 

then placed in the rumen at the same time and removed at allocated times (up to 48 hours).  

Rumen degradation of wheaten chaff and steam-flaked sorghum was increased (P < 0.05) with the addition of 

Saccharomyces cerevisiae I-1077 to the diet of steers after 9 and 18 hours, respectively (Table 1). Rumen 
degradation (as expressed as % dry matter loss) of steam-flaked sorghum was higher (P < 0.05) for steers 

supplemented Saccharomyces cerevisiae I-1077, most significantly (P < 0.05) when the ration held the highest 

level of steam-flaked sorghum (diet 3). Rumen degradation (expressed as % dry matter degradation) of wheaten 

chaff was higher (P<0.05) for steers supplemented with Saccharomyces cerevisiae I-1077, most significantly (P 

< 0.05) when the ration held the highest level of wheaten chaff (diet 1).  

 

Table 1. Mean (± se) degradation (%DM loss) of wheat chaff and steam-flaked sorghum in the rumen of 

steers over three dietary periods, with (Yeast) or without (Control) Saccharomyces cerevisiae I-1077 
 

% DM loss Wheaten chaff Steam-flaked sorghum 

Time in rumen Control Yeast Control Yeast 

3 21.2 ± 1.4 20.8 ± 1.3 12.0 ± 1.3 11.2 ± 1.3 

6 32.1 ± 1.3 34.1 ± 1.3 11.2 ± 1.4 12.5 ± 1.3 
9 34.9 ± 1.3 37.8 ± 1.3* 11.9 ± 1.4 12.8 ± 1.3 
12 47.3 ± 1.3 50.9 ± 1.3* 13.2 ± 1.3 13.4 ± 1.3 
18 52.4 ± 1.3 56.8 ± 1.3* 12.7 ± 1.3 16.7 ± 1.3* 
24 62.1 ± 1.3 66.6 ± 1.3* 13.8 ± 1.4 15.6 ± 1.3* 
48 69.1 ± 1.3 74.8 ± 1.3* 15.8 ± 1.4 21.0 ± 1.4* 

* Means within rows and samples are different (P<0.05)    
 

The addition of Saccharomyces cerevisiae I-1077 improved the dry-matter degradation of wheaten chaff and 

steam-flaked sorghum and it is reasonable to conclude that it will contribute to improvements in the rumen dry-

matter degradation of other roughage and concentrate feeds. Fibre degradation has been noted in numerous 

studies (Desnoyers et al 2008; Chaucheyras-Durand and Durand 2010, Chaucheyras-Durand et al 2010) and it is 

therefore reasonable to expect associated improvements in feed conversion efficiencies and liveweight gains 

associated with the fibre components in the rations through the addition of Saccharomyces cerevisiae I-1077.  

 
Chaucheyras-Durand F., Ameilbonne A., Mosoni P. and Forano E (2010). Proc. Soc.Nutr.Phys. Germany.  
Chaucheyras-Durand F. and Durand (2010). Ben.Micr. 1, 3. 
Desnoyers M., Giger-Reverdin S., Bertin G., Duvaux-Ponter C and Sauvant D (2008). J. Dairy Sci. 92. 1620. 
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The ongoing need to adopt mitigation strategies that reduce Greenhouse gas emissions, namely methane, 

while incorporating best husbandry practices is paramount for a sustainable beef industry in Australia. Some 

mitigation options may be indirect, but would be regraded successful if persistent and result in profitable meat 

production. Essential oils (EO) are secondary plant metabolites extracted from plant tissue by steam distillation 
and are viable alternatives to ionophores in controlling specific rumen microbes and manipulating rumen 

fermentation. Essential oils have previously been shown to have an effect on rumen fermentation (Newbold et al 

2004). Antimicrobial effects against bacteria, fungi, protozoa and viruses have been reported which could be 

exploited to manipulate rumen microbial populations (Greathead 2003, Hart et al 2008). 

To determine if CRINA® Ruminants (DSM Nutritional Products Ltd, Switzerland) could reduce ruminal 

fungal populations and indirectly reduce methane production 5 rumen fistulated Brahman steers [mean ± sem 

liveweight (LW); 226 ± 8.1] were fed a medium to low quality Rhodes grass (Chloris gayana) hay in 3 treatment 

periods of 40 days, including 14 day washout, with treatments based on: control (no additive), CRINA1 

(CRINA® 1 g/d) or CRINA2 (CRINA® 2 g/d). The daily dose of CRINA was placed directly into the rumen to 

ensure that any response in rumen fermentation could be related to an exact dose. Individual dry matter (DM) 

intake (kg/day), rumen pH and fermentation patterns were measured. Nylon bags containing wheaten straw (230 

mg) were incubated in the rumen of each animal for 24 hours in each period after 21 days treatment with 
CRINA1 or CRINA2 to determine the effect on fungal colonisation (Elliott et al 1987). Quantitative PCR for 

monitoring anaerobic methanogen populations were performed using published primers and assay conditions 

(Denman et al 2007). Changes in targeted populations were calculated using a relative quantification and the 2-

∆∆CT method (Livak and Schmittgen 2001). Individual animal methane production was measured over 24 hours 

periods post feeding in the last week of each treatment period using open circuit respiration chambers. 

The DM intake for animals given CRINA at either dose rate was not significantly different to the control (5.4 

± 0.26 kg/d) and only butyrate and iso-valerate concentrations were significantly increased (P<0.05) with 

CRINA treatment compared with control. Fungi sporangia counts on wheaten straw incubated over 24 hours 

were; 78 ± 17, 17 ± 3, 28 ± 14 sporangia/mm2, for control, CRINA1 and CRINA2, respectively, and were 

reduced significantly (P<0.05) in steers dosed with CRINA compared with the control. However, amplicons 

generated from primers targeting the mcrA gene indicated that CRINA at either dose rate did not alter 
methanogen populations compared with the control. The addition of CRINA (1 and 2 g/day) directly into the 

rumen did not significantly reduce methane production compared with the control (75.3 ± 1.49 g CH4/day) 

indicating that the ruminal concentration of CRINA was likely to be below the threshold suggested by McIntosh 

et al (2003). It is possible that an adaptive response in the rumen at the microbial level to EO supplementation 

could occur at low levels of inclusion. Nevertheless, interactions between rumen anaerobic fungi and 

methanogens, namely Methanobrevibacter sp. have been identified (Mountfort et al 1982). Elliott et al (1987) 

demonstrated that anaerobic fungi can be related to ruminal fermentation patterns and it is possible that 

methanogenesis could be reduced by exploiting this relationship.  

There is potential to select EO compounds that reduce methanogenesis when used at levels that do not 

depress feed utilisation. However, the efficacy of EO, particularly CRINA, could be dependent on their chemical 

composition and more than one mode of action is possible. 

 
Denman S.E., Tomkins N.W. and McSweeney, C.S. (2007). FEMS Microbiol. Ecol. 62, 313. 

Elliott R., Ash A.J., Calderon-Cortes F. and Norton B.W. (1987). J. Agric. Sci. 109, 13. 
Greathead H. (2003). Proc. Nutr. Soc. 62, 279. 
Hart K.J., Yáñez-Ruiz D.R., Duval S.M., McEwan N.R. and Newbold C.J. (2008). Anim. Feed Sci. Tech. 147, 8. 
Livak K.J. and Schmittgen T.D. (2001) Methods. 25, 402. 
McIntosh F.M., Williams P., Losa R., Wallace R.J., Beever D.A. and Newbold C.J. (2003). Appl. J. Environ. Microbiol. 69, 

5011. 
Mountfort D.O., Asher R.A. and Bauchop T. (1982). Appl. J. Environ. Microbiol. 44, 128. 
Newbold C.J., McIntosh F.M., Williams P., Losa R. and Wallace R.J. (2004). Anim. Feed Sci. Tech. 114, 105. 
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The Australian government has recently passed legislation for a carbon tax which will affect agriculture 

indirectly through the increased price of inputs and directly if the agricultural sector is ever included under the 

scheme and farmers are accountable for non-CO2 greenhouse gas emissions produced on-farm. If the latter 

occurs then farmers’ ability to pay for these emissions will depend on the profitability of the farms, as well as the 

level of emissions generated and the financial ease with which these emissions could be reduced or offset. This 

paper considers farm greenhouse gas emissions in relation to operating profit for farms using the production 

systems of wool, prime lamb, cow-calf, steer, dairy, wheat and canola farms. 

Fourteen single-enterprise, representative farms were examined that included the production of Merino fine 
wool, prime lamb, beef cattle, milk, wheat and canola. The farms were based on Browne et al. (2011) and 

located in southwest Victoria, Australia. Livestock farms were modelled using the biophysical farm models 

GrassGro (Moore et al. 1997) and DairyMod (Johnson et al. 2008). An average year was represented by long-

term average results from 1971 to 2001, dry and wet scenarios were from years with low (high) average rainfall 

and low (high) late spring rainfall. Two types of livestock farms were described: an average farm and a ‘top’ 

farm, the latter based on the characteristics of farms ranked in the top 20% for their operating profit/ha in the 

Farm Monitor benchmarking studies (Tocker et al. 2009), with the main differences between the two being 

stocking rate and pasture species. Greenhouse gas emissions were calculated using the Australian National 

Inventory methodology. Price data was sourced from 2001-2011 for the main commodities. Operating profit was 

calculated from income minus variable and fixed costs, which included an owner-operator allowance. The final 

operating profit value was a weighted average of the operating profits in scenarios involving low, average and 

high rainfall; and low, median and high prices. Operating profit was calculated from gross income minus 
variable and fixed costs, which included an owner-operator allowance. Non-CO2 emissions were calculated and 

expressed in terms of $100 operating profit. 

The results showed that the beef farms produced the most greenhouse gas 

emissions compared to their operating profit, with the exception of the top 

steer farm, which was comparable to other livestock farms (Table 1). The 

grain farms produced the least emissions/$100 operating profit, due to low 

emissions (compared to livestock farms), rather than high operating profits. 

The top farms produced less emissions/$100 operating profit than the same 

type of average farm as a result of the top farms’ greater profitability. Care 

must be taken when interpreting the results since some of the farms, such as 

the top prime lamb, wool and dairy farms, may still earn more than low 
emitting grain farms if a carbon tax were imposed (with carbon at $25/t CO2e) 

due to their higher operating profit. 

The metric emissions/$100 operating profit demonstrated which farms 

could pay the highest percentage of their operating profit towards a carbon tax, 

assuming no cost-effective means of avoiding the tax were available, and 

conversely, which farms have potential to generate a higher percentage of 

operating profit from carbon offsets, depending on the availability and cost of 

suitable mitigation options. 

This work was supported by the University of Melbourne and the Future 

Farm Industries Cooperative Research Centre. 
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Table 1. Farms listed in order 

of highest emissions produced 

in relation to operating profit  

 

Farm type Emissions 

(tonnes 

CO2-e/ 

$100 OP) 

Cow-calf Avg 4.48 
Cow-calf Top 2.67 
Steer Avg 1.65 
Dairy (P/S) Avg 1.15 
Dairy (P) Avg 1.10 
Wool Avg 1.09 

Steer Top 1.00 
PL Avg 1.00 
Dairy (P/S) Top 0.95 
Dairy (P) Top 0.94 
Wool Top 0.88 
PL Top 0.83 
Canola 0.11 
Wheat 0.05 

Avg, average farm type;  CO2-e, 
tonnes carbon dioxide 
equivalents; OP, operating profit; 
P, mainly pasture fed; P/S, 
pasture fed with more 
supplementary feed; Top, farms 
ranked in the top 20% by 

operating profit/ha. 

Comparing Greenhouse Gas Emissions and Farm Profit on Sheep, Beef, Dairy and 
Grain Farms in Southwest Victoria
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Extension services in Pakistan focus on the application of technology and practices rather than on farmer’ 

needs. This is illustrated by the lack of “dairy-specific” staff employed for dairy extension in Pakistan until the 

recent concept of the ‘White Revolution’ (PDDC 2006). Consequently, private and public sectors in Pakistan 

“operate competing and overlapping” agricultural extension programs, and when providing extension 

information to farmers, they tend to favour those who are educated and own land. Given the large number of 
poorly educated and tenant farmers in Pakistan, there is a need for reorganisation, redesigning and restructuring 

of dairy extension strategies (Davison et al 2001), particularly for the medium size farm sector that contribute 

some 7% of the country’s milk production. This sector needs to be innovative and embraces technological 

development and farm management changes in order to improve their production efficiency, which is not 

happening at present. Such a situation poses a challenge for extension professionals to consider new extension 

strategies that can be appropriate. The extension strategies used in Australian dairy industry have played an 

important role for extension professionals in information dissemination of new technology (Jock and Gershon 

2004) and have for some time involved participant led and group focused approaches which could possibly be 

adapted in Pakistan.  

The aim of this study was to investigate extension strategies employed by professionals (government and 

private) and dairy farmers operating in N.S.W and Victoria. With this aim, we focused on identifying the 
perceptions of the effectiveness of these strategies; and thereafter determine if these strategies are appropriate for 

use with the Pakistani medium-sized dairy sector. The research involves case studies of 18 Extension 

Professionals (EPs) and 7 Dairy Farmers (DFs) across N.S.W and Victoria. These individuals were interviewed 

using semi-structured interview techniques and reponses were transcribed and then thematically analysed 

qualitatively using Nvivo version 9.   

The research findings revealed that the participants used 4 extension strategies, namely ‘group’, ‘one to one’, 

‘mass-media’ and ‘web-based’. It was noted that group extension is the most commonly used strategy across 

both states; however “one to one” extension is considered to be the most effective extension strategy by all the 

participants. The respondents highlighted the importance of “web based” extension and considered it as an 

emerging effective strategy for the future. Mass media was also considered as a good supportive extension 

strategy. It was perceived by all the DFs that they received information most often from private extension 

providers followed by government extension providers. The perceptions of EPs and DFs were slightly different, 
as the EPs indicated that they wanted to see the outcomes of the strategies used as applicable and practical for 

the DFs. In contrast, DFs wanted to ensure that experience-sharing, along with feedback and information transfer 

between producers was achieved. 

The findings of this study have implications for institutions charged with training dairy extension 

professionals in Pakistan who work with medium-sized dairy farms. It seems that the public and private sectors 

will need to work more closely in order to achieve effective extension delivery. The results of this study suggest 

that there is potential to make use of any of 4 strategies, particularly group and web-base extension, and that 

these could have a significant impact if the associated technologies and manpower could be supported through 

the Pakistan Dairy Development Company (PDDC). It is anticipated that the participant led, group based 

approaches are the most likely to contribute to the capacity building of the dairy farmers as these will be the 

most cost effective. The potential for further utilisation of web-based technologies in Pakistan for farmer to 
farmer information needs further evaluation.  

 

Davison A.P., Ahmad M. and Ali, T. (2001). Dilemmas of Agricultural Extension in Pakistan: Food For Thought. [Network 
Paper]. Agricultural Research and Extension Network, 116 (July). 

Jock R.A. and Gershon F. (2004). The World Bank Research Observer 19, 41.  
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This study aimed to measure the productive performance of crossbred kids from three consecutive mating 

seasons during 2006 and 2007 in the semi-arid region of Brazil. An average of 41 crossbred kids (crossbred 

Anglo-Nubian and Canindé) were born in each mating season (MS) from an average herd of 58 does. The kids 

were mothered on and allowed to suckle from the doe herd only at night. They were weaned at 90 days of age. 

After weaning, kids were kept in buffel grass pastures during the dry season (July to November) while in the 

rainy season (December to June) they were kept in the Caatinga vegetation. The goats were run as one herd, at a 

stocking rate of 0.15 Animal Units (AU)/ha.year, calculated by bodyweight^0.75/ 450^0.75. Does were removed 

from the herd if they did not conceive after two consecutive mating seasons. 
Mating season had an effect on weight of kids at birth. The smaller incidence of twinning, and, consequently, 

a greater number of single births may have contributed to the greater (P<0.05) bodyweight at birth for MS3 (2.8 

kg) compared to MS1 (2.3 kg) and MS2 (2.5 kg) (Table 1). In addition, the greater bodyweight of kids at birth, 

30 and 90 days for MS3 (P<0.05) was associated with the rainy season (Feb/Mar) and vegetative growth. 

Moreover, this corresponded with the does gestating during the wet season, with abundant and good quality 

forage from the Caatinga vegetation. The difference in feeding management after weaning most likely resulted in 

kids from MS1 and MS3 obtaining higher (P<0.05) bodyweight at 240 days than kids from MS2. A logical 

explanation for this is that kids born in July and August (from MS1) were weaned in October and November, 

which is the start of the rainy season. Those kids were then taken to the Caatinga vegetation with abundant and 

good quality forage on offer. In contrast, kids born in May and June (from MS2) were weaned in August and 

September, during the dry season, and put on buffel grass pastures. 
 

Table 1. Number of kids (males and females), bodyweight at different ages, total weight gain (TWG) and daily weight 

gain (DWG) of crossbred kids born in different times of the year following three different mating seasons (MS) 

 

Parameters MS1 

(births in Jul/Aug) 
MS2 

(births in May/Jun) 
MS3 

(births in Feb/Mar) 

Total exposed does, n 611 591 541 

Number of kids born, n 48 37 40 
Kids weaned/exposed does (%) 60.6 52.5 64.8 
Twins births, n (%) 13 (37.1) 10 (37.0) 6 (17.6) 
Weight at birth, kg 2.3 ± 0.09b 2.5 ± 0.09b 2.8 ± 0.09ª 

Weight at 30 days, kg 5.2 ± 0.27b 5.3 ± 0.2b 6.3 ± 0.2ª 

Weight at 90 days, kg 9.5 ±  0.4b 8.2 ±  0.4b 11.0 ±  0.4ª 

Weight at 240 days, kg 15.8 ±  0.7ª 12.6 ±  0.8b 16.3 ±  0.7ª 

Total weight gain (kg/ 240 days) 13.5 ±  0.7ª 10.1 ±  0.7b 13.4 ±  0.7ª 

Daily weight gain (kg/ day) 0.056 ±  0.003ª 0.042 ±  0.003b 0.055 ±  0.002ª 

Liveweight of kids/ exposed doe (kg)2 9.1 5.8 9.6 

Values with different letters in the same rows are significantly different using Tukey test (P<0.05). 
1The reduction in total number of does was due to culling. 
2Number of kids x weight of kids at 240 days/ number of exposed does. 
 

The results from the effect of MS on subsequent birth weights and growth rates of the offspring demonstrate 

the importance of aligning the reproductive and productive management of goat herds in the north-east of Brazil 

with the environmental constraints of the system. Data from the present study for bodyweight were similar to 

those reported by Silva et al (2000) who reported bodyweight at birth for crossbred Anglo-Nubian kids from 2.8 

to 3.5 kg. 

This study suggests that the body weight of kids at 240 days is related to the mating season and the 

corresponding nutrition during the pregnancy and rearing phases on different vegetation and forage availability. 

Collectively the three mating seasons suggest it is possible to produce kids for slaughter or for market more than 

once per year. Goat producers may be able to then capitalise on favourable prices with out-of-season product.  
 

Silva, F.L.R. and Araújo, A.M. (2000). R. Bras. Zootec. (Brazilian Journal of Animal Science), 29, 1028. 
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Ruminal acidosis is an important nutritional disorder of dairy cattle, associated with the consumption of large 

amounts of readily fermentable carbohydrates (Bramley et al 2008). Lack of consistent definitions creates 

confusion regarding acidosis diagnosis. Bramley et al (2008) used ruminal pH, volatile fatty acid (VFA), 

ammonia, and lactate data analysed from rumen fluid collected from 800 cows from 100 Australian dairy herds 

to assign cows to one of three acidosis categories 1) acidotic, 2) suboptimal rumen function, and 3) normal.  The 

aim of this current study was to validate the Bramley et al (2008) model for acidosis categorisation. 

In order to validate the existing Bramley et al (2008) acidosis model we fed 8, 10, 12, 14 and 16 kg/hd/d of 

concentrate of either a control or partial mixed ration (PMR) to rumen fistulated lactating Holstein cows (n = 
24). Controls were fed rolled wheat grain twice a day at milking, and pasture and silage fed in the paddock. The 

PMR consisting of the same amount of grain and silage as controls was fed on a feedpad immediately after 

milking twice daily. PMR cows were milked first. The target pasture intake for both groups was 8 kg DM/cow/d. 

Cows were adapted to the diets for 14 d before sampling. Rumen fluid samples were collected 10 times over a 24 

h period. The first sample was taken approximately 1.5 h after feeding for both groups and subsequent samples 

at approximately 2.4 h intervals. Rumen fluid was immediately analysed for rumen pH. Subsamples were 

analysed for VFA, ammonia and lactate concentrations. The existing Bramley et al (2008) database and methods 

using K-means cluster and discriminant analysis assigned one of the three Bramley acidosis categories to each 

sample. Further, the eigenvector values from discriminant analysis were used to estimate the degree of acidosis 

for each sample on a 0 to 1 scale, with 1 being highly acidotic and 0 not acidotic. A repeated measures ANOVA 

was used for analysis of the eigenvector data (Table 1). The risk of acidosis linearly increased with increasing 

concentrate and PMR feeding reduced the risk of acidosis. Control cattle fed 14 and 16 kg of concentrate were 
the most acidotic. These results provide additional validation of the Bramley model for predicting acidosis and 

provide evidence that PMR feeding may reduce the risk of acidosis.   

 

Table 1. Least square means ± SE and P-values for distance from the centroid of the acidotic cluster (0-1) 

for 24 cows fed either a control or PMR diet at 8, 10, 12, 14 or 16 kg/hd/d 

 

 LSM ± SE P-value 

Diet  0.06 

Control 0.24 ± 0.022 <0.001 

PMR 0.09 ± 0.022 <0.001 

   

Rate (kg/d)  0.02 

8 0.02 ± 0.036 0.63 
10 0.04 ± 0.036 0.26 

12 0.08 ± 0.036 0.02 

14 0.19 ± 0.036 <0.001 

16 0.50 ± 0.036 <0.001 

   

Time  0.92 

Diet*rate  <0.001 

Diet*time  <0.001 

 

This research was funded by the Department of Primary Industries Victoria and SBScibus.  
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The Sahiwal is small sized tropical cattle breed originating from Pakistan which has been imported by 29 

countries around the world (FAO 2007). This breed is recognised universally for its tick resistance and heat 

tolerance. It is recognised as the top dairy cattle breed of Pakistan. Male calves in Pakistan are usually ignored 

and underfed prior to slaughter. This is because the sale price of a weaned male calf is usually less than half the 

cost of milk feeding (Bhatti et al. 2011).  In contrast, surplus male Holstein Friesian calves are raised as vealers 

and sold at a premium price. Due to their lower birth weights Sahiwal calves grow more slowly initially but may 

be more efficient and therefore more cost effective at converting feed into liveweight (LW) than temperate breed 

vealers in a cold environment. Milk conversion ratio in Sahiwal calves is 7.4-8.7 L/kg of LW gain (Bhatti et al. 

2011) whereas 11 L or higher are required for a comparable gain in Friesian calves (Lee et al. 2009). This leads 

to a lower cost per kg of LW gain in Sahiwal calves than in Friesians. The present study was designed to 
investigate different dietary regimens to optimise daily LW gain of Sahiwal calves for veal production. A second 

objective was to explore the response to the substitution of a chickpea (Cicer Arietinum) flour blend for milk 

after 21 days post-partum to reduce feeding costs.  

Forty eight Sahiwal calves (male and female) were divided into 4 groups of 12 animals each. Calves in 2 

groups were offered milk either at 15 or 20% of LW up to day 84 adjusted on a weekly basis. Calves in the 

remaining 2 groups received the same treatments to day 21; thereafter, 50% of the milk on offer was replaced 

with a blend of chickpea (Cicer Arietinum) flour and vegetable (corn) oil mixed in water (MR). The CP, EE and 

DM for this blend was 3.14%, 2.85% and 14.3%, respectively. The data were analysed using MIXED procedures 

of SAS with a 2 x 2 factorial design, with feeding level as factor 1 (F1) and source of feed as factor 2 (F2). 

Milk offered at 15% of LW daily was most economical for veal calf production. Sahiwal calves achieved a 

LW gain of 650 g/day to day 84 (Table1) when offered milk at 20% of LW up to day 84. Daily LW gain of 

Sahiwal calves from days 35-60 and 63-84 was 717 and 837 g/day, respectively.  
 

Table 1. Milk intake, growth performance and production costs of Sahiwal calves offered milk or milk 

plus milk replacer (MR) at 15 or 20% of live weight to weaning  
 

 Main effects  Simple effects      

Parameters 
Feeding 

level (F1) 
 

Feeding 
source (F2) 

  Milk  MR  
 

P- values 

 15% 20%  Milk MR SE  15% 20%  15% 20% SE  F1 F2 F1*F2 

Birth weights (kg) 19.7 19.7  19.4 19.9 0.6  19.4 19.4  20.0 19.9 0.9  NS NS NS 

Weaning weight (kg) 56.8 61.4  70.4 47.8 1.5  66.2b 74.2a  47.5c 48.2c 2.1  * ** NS 

Total weight gain (kg) 37.1 41.7  50.9 27.8 1.5  46.7b 55.1a  27.4c 28.2c 2.1  * ** NS 

Av. daily gain (g/day) 441 496  606 331 18  556b 656a  326c 336 c 25  * ** NS 

Total milk intake (L) 411.6 518.1  506.2 423.4 11.8  429c 584a  394d 452b 16.6  ** ** ** 

Milk intake (% LW) 14.2 17.2  15.6 15.8 0.23  13.9b 17.7a  14.4b 16.8a 0.32  ** NS * 

Milk conversion ratio 12.0 13.4  10.0 15.5 0.32  9.3c 10.6c  14.7b 16.2a 0.45  ** ** NS 

Production cost (000 PKR) 12.1 15.4  16.7 10.8 0.4  14.2b 19.3a  10.0c 11.6c 0.5  ** ** ** 

Cost/kg (PKR) 341 384  329 396 9  306d 352c  376b 416a 12  ** ** NS 

PKR: Pakistan Rupees, 1US$ ≈ PKR 90 

 

Substitution of milk with the cheaper MR did not lead to improvements in production efficiency. 

Nevertheless Sahiwal calves show promise for the rearing of  vealers under tropical environments. 

 
FAO (2007). ‘The State of the World’s Animal Genetic Resources for Food and Agriculture.’ (Eds B. Rischkowsky and D. 

Pilling). (FAO, Rome). 
Bhatti S.A., Ahmad M.F., McGill M., Sarwar M., Afzal M., Ullah E., Khan M.A., Khan M.S., Bush R., Wynn P.C. and 

Warriach H.M. (2011). Trop. Anim. Health Prod. DOI 10.1007/s11250-011-9973-3. 
Lee H.J., Khan M.A., Lee W.S., Yang S.H., Kim S.B., Ki K.S., Kim H.S., Ha J.K. and Choi Y.J. (2009). J Anim Sci. 87, 

1129.  
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Deland et al. (2011) found that selection for fatness of Angus heifers using Breedplan Rib Fat EBVs affected the 

carcase quality of steer progeny. Heifers selected divergently on rib fat EBVs were mated to the same group of bulls 

and subjected to two levels of nutrition pre-weaning. The steer progeny were grazed on irrigated pasture post-weaning 
before being slaughtered in 2010 in two groups at approximately 2 years of age. Selection on dam fatness resulted in 

differences in steer progeny carcase values due to price discounts applied to carcases below minimum fat specifications 

(6mm). In 2011, 85 steers from the second calving plus steers from additional heifers subjected to the same treatments 

were slaughtered (to increase statistical power). To reduce the incidence of price penalties in the 2011 cohort, minimum 

pre slaughter selection measurements were used on all steers (liveweight >550kg and ultrasound P8 fat >7mm) and 

steers slaughtered in a commercial abattoir in six groups over a 7 month period (March-October). Carcases were 

assessed by MSA (Meat Standards Australia) accredited assessors and a single price grid was applied to the data to 

assess value. Data were analysed using REML Variance Component Analysis Procedure, Genstat version 14, (2011).  

In February 2011 when steers were aged 20 months and prior to any slaughter, there was no significant difference in 

liveweight, but the high fat “line” steers had significantly (P<0.001) more P8 fat than the low fat line (10.2 vs 8.3 mm). 

At that fat depth, 69% of high fat line steers would have met the 6mm minimum company fat requirement compared to 

41% for the low fat line. At slaughter, the low fat line carcases were heavier (315.2 vs 299.5kg; P<0.01) than the high 
fat line. The low fat line carcases were worth more than the high fat line ($1230 vs $1192; P<0.05) but took 26 days 

longer to reach minimum slaughter requirements for fat (P =0.12). The later slaughter groups included carcases 

discounted for presence of more than 2 permanent incisor teeth. Data for the 2010 and 2011 slaughters were combined 

for analysis. There were significant differences between years in P8 fat, and age at slaughter. The 2011 steers were 

older than the 2010 group (787.5 vs 754.8 days; P<0.001) which was associated with greater P8 fat levels. This was 

expected as in 2011, only steers meeting minimum fat specifications were slaughtered. There was a significant year by 

fat line interaction in carcass value as the carcasses with insufficient fat were discounted in 2010, whereas the leaner 

steers were kept longer in 2011 and were heavier at slaughter, but without fat penalties. When analysed over both years, 

carcases from the high fat line attained a higher price per kg than the low fat line (396.5 vs 386.8 c/kg; P<0.05). Using 

the MSA website, results were benchmarked against regional statistics and the carcase weights were similar and 

ossification scores slightly less than for steers recorded regionally. This indicates that the steers were grown at rates 
similar to other grass fed steers (N=26,478) in the region which were slaughtered over the same time period in the MSA 

accredited system. 

 

Table 1. Effect of dam fat line and pre-weaning nutrition on carcases of steer progeny 

 

Year 2010 2011 2010-11 
  High nutrition Low nutrition    

  High fat Low fat High fat Low fat Fat effect Nutrition effect Year effect 

Liveweight(kg) P<0.05 541.3 549.4 527.8 526.8 NS P<0.05 NS 
P8 fat(mm) NS 9.9 8.05 10.5 8.5 P<0.001 NS P<0.01 
HSCW(kg) P<0.01 297.6 316.1 301.3 314.3 P<0.01 P=0.08 NS 
Rib fat(mm) NS 7.85 6.68 8.53 8.16 NS NS P<0.05 
Price (cents/kg) P<0.1 398.9 385.8 397.9 396.2 NS NS P<0.05 
Value($) P<0.1 1185 1217 1199 1243 P<0.05 NS P<0.01 

 

Selection of females on rib fat EBVs can change the fatness of slaughter progeny under a grass finishing system 

with resultant effects on time to meet preferred carcase specifications and hence price and value. When slaughtered at 

an age constant basis, then more low fat line steers were penalised because they were too lean. However, when 

slaughtered on a fat constant basis, more were discounted for dentition (age) or for exceeding weight criteria. In 

summary, under both slaughter protocols and current market specifications, there was a penalty for genetically low fat 

steers when finished on pasture. 

  
Deland M.P.B., Copping K., Graham J.F. and Pitchford, W.S. (2011). Proc. Assoc. Advt. Anim. Breed. Genet 19,434. 
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Methane is a potent greenhouse gas produced by cattle and sheep as a natural by-product of the fermentative 

digestion of plant material in their rumen. Breeding beef cattle with naturally lower methane productions is an 

attractive option to reduce emissions in extensive grazing systems. Methane yield (MY), defined as the amount 

of methane produced per unit of feed consumed, is used to compare animals for the amount of methane they 

produce relative to their feed intake. This report presents results for methane test traits for young Angus cattle, 

and for differences between sires in the mean MY of their progeny that provides preliminary evidence for 

genetic variation in MY. 

The project used two pedigreed, performance-recording research herds of Angus cattle located at the NSW 

Department of Primary Industries (DPI) Trangie and Glen Innes Research Centres. Methane measurements on 

individual yearling-age cattle were made in the cattle animal houses at the DPI Grafton Research Centre and on 

the University of New England campus. Animals were adapted to the test ration for 10 days before being moved 

to the test facilities. Each animal had methane production measured while being fed a fixed daily allowance of a 

roughage diet (ca. 9 MJ ME/kg dry matter (DM)). The amount offered was calculated to provide 1.2-times the 

estimated energy requirement for maintenance based on the animal’s liveweight at the end of the adaptation 

period. In 2010, the cattle were kept in individual pens and methane production was measured over 5 x 24h 

consecutive periods using the SF6 tracer dilution method. In 2011, methane production was measured over 2 x 

24h consecutive periods using 10 individual-animal respiratory chambers. Methane test traits were obtained for 

cattle: 62 bulls and 73 heifers in 2010, and 139 bulls and 65 heifers in 2011. Care was taken to ensure sires were 

equally represented in each cohort of cattle tested. Traits recorded were feed intake as DM-intake (DMI; kg/d), 

initial test liveweight (WT; kg), methane production (MP; L/d), and MY (L/kg DMI). For each group, fixed 

effects of sire and cohort were fitted in a general linear model, with age and WT fitted as covariates.  

There was variation in all test traits recorded, with an almost 3-fold range in MY being observed (Table 1). 

Methane production was phenotypically correlated with DMI (r=0.33) and with animal WT (r=0.40; both 

different to zero at P<0.05) reflecting that the animals with lower feed intake, and smaller, lighter animals, had 

the lowest MP. However, these animals might be regarded as less productive and less profitable in traditional 

farming enterprises. Unlike MP, MY was largely phenotypically independent of DMI and animal WT 

(correlations being -0.26 and -0.15 respectively, both P<0.05). Should these relationships hold at a genetic level, 

they indicate that selection for low MY need not favour smaller animals and lower feed intake. Rather it should 

be possible to breed animals of a desired size that produce less methane from the feed they consume. There was 

a large range in the mean for MY by progeny of the sires of the cattle tested. Compared to the sires whose 

progeny had the lowest average MY, there were sires whose progeny had an average MY that were 24%, 24%, 

16%, 19% and 11% higher across the five groups of cattle tested.. 

 

Table 1. Means and descriptive statistics for the N=339 young Angus bulls and heifers 

 

Trait Mean Std Dev Maximum Minimum 

Age at test (days) 691 77 822 537 

Weight at start of test (WT; kg) 483 73 670 316 

Feed intake (DMI; kg/d) 7.7 1.0 9.5 4.8 

Methane production (MP; L/d) 229 51 516 70 

Methane yield (MY; L/kg DMI) 30.1 6.5 58 22 

 

Our results show that there are cattle that naturally produce less methane relative to their feed intake (that is, 

have a lower MY) when fed the roughage diet we provided. Differences between sires in MY by their progeny 

provides preliminary evidence that there exists genetic variation in MY and demonstrate that sires exist that can 

be used in cattle breeding to produce progeny with naturally lower methane emissions. 

 

The authors gratefully acknowledge funding from the Australian Government under its Climate Change 

Research Program. We thank David Mula, Karen Dibley, Reg Woodgate, Miles Light, Peter Newman, Barry 

Grob and Andrew Wittig for skilled technical assistance. 
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In northern Australia ruminants graze protein deficient pastures for an extended period each year. Animals 

grazing protein deficient pastures have reduced feed intake and reduced liveweight gain. Feed intake is regulated 

through the hypothalamus in response to metabolic signalling from peripheral tissues. The objective of this 

experiment was to determine the mRNA abundance of candidate genes implicated in appetite control in the 

arcuate nuclei (ARC) of the hypothalamus of sheep fed diets of different protein and energy contents. 

Merino wether lambs (n=35; 25.3 ± 0.4 kg liveweight, LW) were blocked on LW and randomly allocated to 

one of four treatments and individual pens. The four treatments were: (i) Lucerne (Medicago sativa) chaff ad 

libitum (913 g OM, 179 g CP/kg DM); (ii) Speargrass (Heteropogon contortus) hay ad libitum (917 g OM, 27 g 

CP/kg DM); (iii) Speargrass hay ad libitum plus fish meal (818 g OM, 703 g CP/kg DM); and (iv) restricted 

amount of Speargrass hay and fish meal to supply an equivalent ME intake to that of Speargrass hay ad libitum. 

After 28 days on the diets, the wethers were euthanased over 5 consecutive days. The ARC was dissected from 

the hypothalamus and frozen in liquid N. Total RNA was extracted from the ARC using a RNeasy plus Mini kit 

(Qiagen), DNAseI treated (Ambion) and reverse transcribed into cDNA (Omniscript; Qiagen). The cDNA was 

pre-amplified with 14 cycles of PCR (Taqman Preamp Master Mix; Applied Biosystems) prior to real-time PCR 

analysis on a 48.48 Dynamic Array chip (BioMark; Fluidigm). Quantitative PCR was performed using the 

Evagreen dye (Biotium) and Taqman Gene Expression Master Mix (Applied Biosystems). The geometric 

average of three stable reference genes (EEF1A2, UBILIG and RPL19) was used to normalise the real-time PCR 

data (GenEx; MultiD). Statistical analyses of data were performed using the GLM procedure in SAS (SAS 
Institute v9.2).  

Total dry matter intake differed between treatments, as expected (Table 1). Cocaine-amphetamine regulatory 

transcript and neuropeptide Y receptor-1 and -2 mRNA were higher in the ARC of sheep fed lucerne chaff ad 

libitum. Ghrelin, melanocortin 3 receptor and neuropeptide Y mRNA were approximately 3-fold higher in 

wethers fed speargrass hay ad libitum compared to lucerne chaff ad libitum. There were no significant treatment 

effects on agouti signalling protein, galanin, melanocortin 4 receptor, melanin concentrating hormone receptor 1, 

pro-melanin concentrating hormone and proopiomelanocortin. The results suggest that appetite gene regulation 

in the ARC is influenced more by total nutrient intake rather than the protein to energy content of the diet per se. 

 

Table 1. Total dry matter intake (DMI) and relative mRNA abundance of appetite regulatory genes in the 

arcuate nuclei of the hypothalamus of wethers fed diets of varying protein to energy ratio
1,2,3

  

 

Parameter Lucerne  
ad lib. 

Speargrass  
ad lib. 

Speargrass  
ad lib. + fish meal 

Speargrass restricted + 
fish meal 

DMI (g/kg W.d) 38.6 ± 0.4d 15.3 ± 0.4b 18.5 ± 0.4c 13.2 ± 0.5a 

CART4 100.0 ± 14.0b 15.6 ± 14.0a 29.1 ± 14.0a 24.9 ± 14.8a 

GHSR1A4 100.0 ± 41.7a 341.7 ± 41.7c 206.8 ± 41.7ab 302.7 ± 43.9bc 

LR4 100.0 ± 14.3a 151.9 ± 14.3c 110.2 ± 14.3ab 150.3 ± 15.1bc 

MC3R4 100.0 ± 53.4a 331.4 ± 53.4b 111.3 ± 53.4ab 256.5 ± 56.6ab 

NPY1R4 100.0 ± 7.2b 61.7 ± 7.2a 58.3 ± 7.2a 72.7 ± 7.6a 
NPY2R4 100.0 ± 12.1b 63.6 ± 12.1a 61.3 ± 12.1a 81.5 ± 12.7a 

NPY4 100.0 ± 44.8a 330. 0 ± 44.8b 156.3 ± 44.8a 305.4 ± 47.5b 
1Values are least square means ± standard error of the mean.  
2Different alphabetical superscripts across each row indicate a significant difference between treatment means (P<0.05). 
3Abundance of mRNA for each nutritional treatment is expressed relative to Lucerne ad libitum (100%) for each gene. 
4Genes are: cocaine-amphetamine regulatory transcript (CART), ghrelin receptor (GHSR1A), leptin receptor (LR), 
melanocortin 3 receptor (MC3R), neuropeptide receptor 1 (NPY1R), neuropeptide receptor 2 (NPY2R) and neuropeptide Y 
(NPY). 
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One potential way for producers to influence meat yield of their lambs is by the use of sires for increased 

muscling.  It has been reported that sire post-weaning eye muscle depth (PEMD) breeding values are positively 

related to m. longissimus thoracis et lumborum (LL) depth and cross-sectional area, and to the percentage of 

carcase lean (Hopkins et al. 2007), although Hegarty et al. (2006) argued that because the PEMD breeding value 

is based on measurement of LL depth that this area of the carcass exhibits more response to the accretion of lean 

than other parts of the carcase. From data presented by Siddell et al. (2012) this contention was examined. 

Data from 97 lambs born to 12 Poll Dorset sires, selected for high (n = 6) and low (n = 6) breeding values for 

PEMD measured by ultrasound scanning and born to Border Leicester x Merino ewes were used for this paper.  

These lambs were born in 2010 with 52 and 45 born to the high and low muscled rams respectively. Matching 

lambs to sires was not possible as ewes were block mated. The lambs were slaughtered at a commercial abattoir 

and the depth of tissue at the GR site (the depth of muscle and fat tissue from the surface of the carcase to the 
lateral surface of the twelfth rib 110-mm from the midline) was measured.  The chilled carcases were weighed 

(CCW) prior to the preparation of retail cuts. Siddell et al. (2012) provided full detail of the breakdown of the 

carcases into retail cuts and this resulted in the following cuts: Boneless leg chump-on, eye of shortloin, 

tenderloin, rack cap off – frenched trimmed, neck fillet roast, boneless shoulder meat and foreshank.  Ignoring 

individual sire effects (see note below), the weight of each cut was compared using an ANOVA (Gilmour et al. 

2009) with sire group as the fixed effect with GR (mean 17.6 mm) and CCW (mean 25.4 kg) as covariates. This 

showed that the adjusted weight of the eye of loin was significantly (P < 0.05) heavier as shown below with a 

mean weight of 0.392 ± 0.005 kg for the eye of shortloin for the progeny of the low PEMD sire group and 0.410 

± 0.005 kg for the same cut from lambs sired by high PEMD sires. There was no significant effect of sire group 

on any other cut, although the probability value for the boneless leg chump-on was P = 0.08.  Based on the retail 

price of the eye of shortloin at the time of the study ($34.26/kg) there was a 62 cents premium (sed = 24 cents) 
per eye of shortloin for this cut from lambs sired by rams with high PEMD breeding values. 

 

The contention of Hegarty et al. (2006) that a localised 

effect on muscle weight can occur with selection based on 

the PEMD breeding value is supported and also confers 

with (Gardner et al. 2010), however the results here must 

be validated as it was not possible to decompose the 

variance into between-sire and within-sire effects. Given 

this, an in-house simulation study based on 10,000 

simulations, assigning at random each lamb to one of the 
six sires in each sire group was performed.  A subsequent 

split-plot analysis, indicated with ~70% confidence that the 

significant result identified above is significant with 80% 

confidence the p-value is less than 0.06 (Gilmour et al. 

2009). There is potential to lift returns per lamb given the 

high value of the shortloin by using sires selected for high 

PEMD. 
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Since 2007 SARDI has maintained a small, 300-400 ewe, ram breeding flock at Turretfield Research Centre 
to demonstrate the genetic gains that can be achieved using a combination of both visual selection and 
MERINOSELECT Australian Sheep Breeding Values (ASBV’s). The advantages of using practical, producer 
involved demonstrations, as a focus for practice change has been well documented (Kemper et al 2006).

The breeding objective for the Turretfield Dual Purpose (DP) flock uses a combination of visual selection 
and MERINOSELECT ASBV’s to breed polled, plain bodied, fertile, productive sheep, with good conformation 
and 18-20 micron wool of good quality, as assessed by a professional wool classer. Pedigree, birth weight, litter 
size and birth date are recorded within 1 day of birth. All ewe progeny are retained until visual classing prior to 
16 month old hogget shearing, and measured for greasy fleece-weight, fibre diameter and fat and muscle depth. 
All ram progeny are retained until visual classing and shorn at 10 months of age with measurements taken on 
fibre diameter and greasy fleece weight. Ram lambs classed as tops are retained for further visual assessment and 
measurement of fibre diameter and fleece-weight at 16 months of age. Ewe replacements, and sires selected for 
natural mating, are chosen based on their 7% DP Index value and classer assessment of those visual traits in the 
breeding objective, polledness, plainness, freedom from constitutional faults, wool colour, handle and character. 
Ewes with unfavourable individual trait ASBV’s and poor visual scores are culled.  Rams for natural mating are 
selected from those classed as tops. Emphasis on visual assessment means those selected are not necessarily the 
highest ranking on Index value. In addition, a number of external sires are introduced each year using artificial 
insemination. A.I. sires are selected either on the basis of their MERINOSELECT 7%DP Index and individual 
trait ASBV’s, to provide linkage and genetic gain, or are non-MERINOSELECT sires that have a high profile 
within the industry. The use of high profile sires increases producer interest and adds focus and impact to the 
demonstration project. It also gives the studs that provide the semen linkage to MERINOSELECT, and allows 
their sires to be benchmarked against other participating Merino flocks throughout Australia and New Zealand. 
Figure 1 illustrates the genetic gain, as calculated by Sheep Genetics (Brown et al 2007), achieved using a 
combination of visual assessment, MERINOSELECT ASBV’s and the selection strategies outlined above. 

Figure 1. Examples of the genetic gain achieved in the Turretfield DP flock, MERINOSELECT 
registration number 50-9236, for the progeny drops 2007-2010, compared to all other Merino flocks in the 
database 

The Turretfield DP flock provides a practical demonstration of how MERINOSELECT and ASBV’s can be 
incorporated into a Merino sheep breeding program aimed at improving both wool and meat production. Visual 
assessment and ASBV’s can be used in combination to achieve measurable rates of genetic gain. 

Brown D.J., Huisman A.E., Swan A.A., Graser H.U., Woolaston R.R., Ball A.J., Atkins K.D. and Banks R.G. (2007) Proc 7th

Conf Assoc Advanc Anim Breeding and Genetics. p187
Kemper K. E., Hebart M. L., Brien F. D., Jaensch K. S., Smith D. H. and Grimson R. J. (2006). Proc 8th World Cong 

Genetics Applied to Livestock Prod. p5
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Bali cattle (Bos javanicus) are the dominant cattle species across the eastern islands of Indonesia. Male and 
female Bali cattle are light brown in colour at birth, with males becoming progressively darker as they approach 

puberty and are black at maturity. Anecdotal information suggests castration of post-pubertal male Bali cattle 

results in a reversion from black to light brown in colour. Studies with rodent models have shown that coat 

colour is regulated by several key genes. The objective of this experiment was to study the sexually dimorphic 

changes in candidate coat colour genes in the skin of Bali cattle. 

Bali cattle (n=10 entire males and n=6 females) were maintained in individual pens at the University of 

Mataram throughout the study and were offered an identical diet from 6 to 28 months of age. At approximately 

18 months of age (puberty), entire males (n=8) were pair-matched on liveweight and 1 animal from 4 of those 

pairs was randomly allocated to surgical castration. Skin biopsies were collected from the neck of each animal at 

an average age of 11, 18 and 26 months. The biopsy was immediately placed in RNAlater (Ambion). Total RNA 

was isolated from skin biopsies with Trizol (Life Technologies), treated with DNaseI (Ambion) and reverse 
transcribed into cDNA (Omniscript; Qiagen). Quantitative PCR measurements were conducted on a Rotorgene 

3000 (Qiagen). The geometric average of 2 stably expressed reference genes (RPLPO and UCHL15) was used to 

normalise the real-time PCR data (GenEx; MultiD). Statistical analysis of the data was performed using the 

GLM procedure in SAS (SAS Institute v9.2).  

Females remained light brown in colour throughout the study and males become progressively darker, 

although this was variable. Males reverted to a light brown coat colour after castration. Agouti-signalling protein 

(ASIP) mRNA tended to be more abundant in female compared to male Bali cattle at 11 months of age (P<0.10) 

with no significant differences (P>0.05) evident amongst the other genes at this age or at 18 months of age (data 

not presented). A similar trend in ASIP abundance was evident at 26 months of age, where ASIP mRNA was 

more abundant in females than entire males, with castrated males intermediate (Table 1). Androgen receptor 

(AR) mRNA was more abundant in entire males than females and castrated males at 26 months of age. 
 

Table 1. Relative abundance of candidate gene mRNA in the skin of entire male, female and castrated 

male Bali cattle at approximately 26 months of age. Values are least squares means with standard error of the 

mean (SEM). For each candidate gene, mRNA abundance is expressed relative to the abundance of entire males 

(=1). 

 
Sex Candidate genes* 

AR ASIP Atrn DCT ESR1 MC1R Mgrn Tyr Tyrp1 

Entire male (n=6) 1.00b 

(0.09) 

1.00A 

(0.29) 

1.00 

(0.10) 

1.00b 

(0.18) 

1.00B 

(0.14) 

1.00 

(0.27) 

1.00 

(0.12) 

1.00B 

(0.16) 

1.00 

(0.15) 
Castrated male** 
(n=4) 

0.58a 
(0.11) 

1.32AB 
(0.36) 

0.96 
(0.12) 

0.33a 
(0.22) 

0.60A 
(0.17) 

0.99 
(0.34) 

1.03 
(0.15) 

0.48A 
(0.19) 

0.39 
(0.18) 

Female  
(n=6) 

0.69a 
(0.09) 

1.75B 
(0.29) 

1.18 
(0.10) 

0.50ab 
(0.18) 

0.59A 
(0.14) 

0.39 
(0.27) 

1.17 
(0.12) 

0.66AB 
(0.16) 

0.50 
(0.15) 

*AR, Androgen receptor; ASIP, Agouti-signalling protein; Atrn, Attractin; DCT, dopachrome tautomerase; ESR1, estrogen 
receptor 1; MC1R, melanocortin receptor 1; Mgrn, Mahogunin; Tyr, Tyrosinase; Tyrp1, Tyrosinase-related protein 1. 
**Castrated immediately after the skin biopsy was collected at 18 months of age. 

Within a column, means without a common superscript are different (P<0.05, a, b; P<0.10, A, B). 
 

The reversion of coat colour from black to light brown of male Bali cattle after castration demonstrates a sex 

effect on coat colour in this cattle species. Androgen receptor and ASIP in skin appear to be key genes in the 

sexual regulation of coat colour of Bali cattle.  

 
We are grateful to the Australian Centre for International Agricultural Research and the University of 

Queensland for funding this work and technical staff at the University of Mataram for maintaining the animals.  
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A number of different instruments have been used to test aspects of meat toughness.  The best known is that 

based on the Warner-Bratzler (WB) shear (Bourne 2002) which provides objective measures of the force 

required to shear meat samples of specified dimensions in half, with a stainless-steel blade.  There are many 

variants of the blade that is used in either a tension mode (cutting up through the sample) or in a compression 
mode (cutting down through the sample). An alternative machine, known as a Tenderometer, was developed by 

MIRINZ in New Zealand (MacFarlane and Marer 1966) which uses a blunt wedged-shaped ‘tooth’ to shear 

through the sample.  Recently Hopkins et al. (2011) reported on the relationship of shear force (SF) measures 

between a new version of the Tenderometer called the G2 (Fix-All Services Ltd, 21 Amber Lane RD1, 

Hamilton, New Zealand) and a Lloyd Texture analyser (Model LRX, Lloyd Instruments, Hampshire, UK) using 

a type of WB shear.  The relationship was described as Lloyd SF = 2.49 Tenderometer SF0.72.  This paper 

describes an experiment to test the transportability of this relationship to another data set. 

Samples of m. longissimus (loin) from 125 hogget Merino wethers from 3 different sources (flocks) were 

prepared and cooked as described by Hopkins et al. (2011).  The samples were allocated in a balanced design to 

cooking batches and instrument; Lloyd or Tenderometer. The Lloyd instrument had a vee-shaped cutting blade 

that sheared down through the sample and the Tenderometer has a wedged-shaped ‘tooth’ that shears down 
through the sample.  Samples of replicates with a cross-sectional area of 1cm2 were prepared for testing by 

cutting strips along the fibre of the muscle from cooked loin sub-samples. Six and ten replicates were tested 

through the Lloyd or Tenderometer respectively, based on the findings of Hopkins et al. (2011).  

Prior to analyses, individual shear force results for each replicate (sub-sample) were first natural log (loge) 

transformed to improve variance homogeneity after which the results were modelled using a bivariate linear 

mixed model regression (Gilmour et al. 2009).  The model included terms for instrument (Tenderometer), source 

(flocks), sample and error.  The resultant model was found to be Lloyd SF = 1.59 Tenderometer SF0.83.  Below is 

a plot of the data for Lloyd SF vs 

Tenderometer SF, which has the 

expected Lloyd SF for any given 

Tenderometer SF (solid black line) 

superimposed on it.  Also shown 
(broken line) is the line of best fit 

based on the model previously 

published by Hopkins et al. (2011).  
Using a parametric bootstrap, 

simulating 10,000 data sets from 

the estimated distribution function 

for the model, 95% confidence 

interval can be obtained for the 

predicted average Lloyd given a 

Tenderometer value.  The 

confidence interval is shown by the 
dashed lines below. It is evident 

that, although the two models have 

different terms for the intercept and 

slope, they produce very similar 

lines of best fit. Given that the 

broken line lies with the 95% confidence interval (CI) (dashed lines) for the fitted model (solid line) predictions 

would be similar.  A Tenderometer value of 30 N has a CI of 25.7-30.2 N and at 50 N the CI is 36.4-43.0. 

 
Bourne, M. (2002). Food texture and viscosity: concept and measurement. 2nd Ed. p 135. (Academic Press; San Diego, USA). 
Gilmour, A.R., Gogel, B.J., Cullis, B.R., and Thompson, R. (2009) ASReml User Guide Release 3.0. VSN International Ltd, 
Hemel Hempstead, HP1 1ES, UK. 
Hopkins, D.L., Toohey, E.S., Kerr, M.J. and van de Ven, R. (2011). Anim. Prod. Sci. 51, 71-76. 
MacFarlane, P.G. and Marer, J.M. (1966). Food Technology 6, 134-135. 
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interval can be obtained for the 

predicted average Lloyd given a 

Tenderometer value.  The 

confidence interval is shown by the 
dashed lines below. It is evident 

that, although the two models have 

different terms for the intercept and 

slope, they produce very similar 

lines of best fit. Given that the 

broken line lies with the 95% confidence interval (CI) (dashed lines) for the fitted model (solid line) predictions 

would be similar.  A Tenderometer value of 30 N has a CI of 25.7-30.2 N and at 50 N the CI is 36.4-43.0. 

 
Bourne, M. (2002). Food texture and viscosity: concept and measurement. 2nd Ed. p 135. (Academic Press; San Diego, USA). 
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In New Zealand computer tomography (CT) has been used as a part of sheep breeding programs since 1995 

(Nicoll et al. 2002).  A two-stage selection process in combination with ultrasound scanning is used, so that a 

large number of animals are firstly ultrasound scanned and a percentage of the “best” animals are then CT 

scanned (Jopson et al. 2004).  CT scanning can provide very accurate estimates of body composition, in 

particular lean content (Lambe et al. 2003).  Given the introduction into some New Zealand processing plants of 

the Australia developed VIAScan® technology (Hopkins et al. 2004) and the payment of lambs to producers 

based on VIAScan® predictions of lean meat, there is considerable interest in how estimates from the two 

systems align. Under the VIAScan® system, farmers receive information on the percentage lean meat yield from 

the hindleg, loin and shoulder meat cuts and the yield payments are based on these measurements and on total 

carcass yield. Currently lambs have to meet a yield threshold for each of the three carcase regions, but there is no 

differential payment between the regions. To meet the need for sheep breeding programmes to be able to include 
selection for meat yield, Sheep Improvement Ltd. (SIL) have introduced three lean weight breeding values 

(shoulder, loin and hind leg) to allow discrimination on carcase meat yield. 

In 2011 a total of 93 Dorset Down x Coopworth lambs (based at Lincoln University) ranging in liveweight 

from 30.0 – 54.0 kg were CT scanned (General Electric Prospeed) and subsequently slaughtered. CT scanning 

was undertaken at seven anatomical reference sites: 7
th Cervical, 5th Thoracic, 1st Lumbar, 6th Lumbar, 3rd Sacral, 

2nd Caudal and Ischium vertebrae (Lambe et al. 2003).  This allowed the weight of fat, muscle and bone in the 

three carcase regions; hindquarter, loin, shoulder to be derived. From the VIAScan® image data captured at 

slaughter predictions of the weight of lean in the three carcase regions using company specific algorithms were 

provided. The algorithms are based on measures of carcase dimensions and colour (Hopkins et al. 2004). In 

Table 1 the means for the estimated weight of lean in the three carcase regions is shown for CT and VIAScan®. 
 
Table 1. Mean values for carcase weight, lean weight in kilograms for leg, loin, shoulder and total carcase 

regions (weight of lean for VIAScan® calculated by multiplying carcase wt. by carcase region yield %) 

 

Trait Carcase weight Leg Loin Shoulder Total 

CT 17.170 4.225 2.902 4.147 11.274 

VIAScan® 17.241 3.877 2.550 2.893 9.320 

Difference/Significance 0.071/n.s. 0.348/*** 0.352/*** 1.254/*** 1.954/*** 

n.s. not significantly different; ***P < 0.001  

 

The correlations (MINITAB 16) for lean weight per region as measured by CT with the total weight of lean 

were 0.78 for the loin, 0.90 for the leg and 0.87 for the shoulder. For VIAScan® they were 0.99, 0.99 and 0.98, 

respectively reflecting the interdependence of the estimates.  The correlations between CT and VIAScan® 

measured lean weights for the three regions were 0.68, 0.79 and 0.69.  However as shown in Table 1 the estimate 

from VIAScan® for the shoulder lean was much lower proportionality than for the other two regions compared 

to the “gold standard CT scan”.  This may reflect the fact VIAScan® measures are not able to discriminate lean 

from other tissues in the forequarter as well as CT scanning and in general under estimate lean in the whole 

carcase compared with CT scan.  A comparison on how the two methods ranked the animals for total carcase 

lean showed a high correlation of 0.86. The top four animals were the same for both methods. For the top twelve 
animals on CT, VIAScan® had ten of them in its top twelve.  Based on these results it seems that VIAScan® 

payments for total carcase lean should reflect with high repeatability the superior carcases as indicated by CT 

scanning, but if payments for lean per region were introduced the disparity for the shoulder would be important. 

 
Hopkins, D.L., Safari, E., Thompson, J.M., and Smith, C.R. (2004). Meat Science, 67, 269-274. 
Jopson, N.B., Amer, P.R., and McEwan, J.C. (2004). Proceedings of the 64

th
 New Zealand Society of Animal Production. pp 

212-216. Hamilton, New Zealand. 

Lambe, N.R., Young, M.J., McLean, K.A., Conington, J., and Simm, G. (2003). Animal Science, 76, 191-197. 
Nicoll, G.B., Jopson, N.B., and McEwan, J.C. (2002). 7th

 World Congress on Genetics Applied to Livestock Production. 
pp 439-442.  Montpellier, France. 
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A fundamental requirement for the lamb industry has been the accurate measurement of carcases for traits 

like fat depth (Hopkins 2011), in order to provide market signals. This provides information to processors and 

retailers on likely meat yield and trimming requirements. Recently, there appears to have been a reduction in 

Australian abattoirs using the AUS-MEAT Sheep Probe for a variety of reasons (Goers & Craig 2008). An 

alternative measurement method is to use the Hennessy Grading Probe (HGP), which has been previously used 

for measurement of beef carcases (Hopkins 1989) and lamb carcases (Kongsro et al. 2009). In the study of 

Kongsro et al. (2009), the GP4 version of the HGP was used to measure 120 lamb carcases, however no 

equivalent carcase measures were taken for fat and muscle depth and it appears that measurements were not 
taken on the slaughter chain under operational conditions. The following study was undertaken to examine the 

usefulness of the HGP for measuring lamb carcases under Australian conditions. 

The GP7 version (Hennessy Grading Systems Ltd, Auckland, New Zealand) of the probe was used to 

measure 81 lamb carcases at a commercial abattoir operating with a chain speed 5.5 carcases/min. Subcutaneous 

fat depth (Fat C) and muscle depth (EMD; m. longissimus thoracis et lumborum: LL) between the 12th/13th ribs 

was measured with the target to probe over the deepest part of the muscle. After overnight chilling (4°C) the 
carcases were cut between the 12th/13th ribs so as to measure the actual fat (Fat C) and muscle depth (EMD) on 

the carcase at the position of the probing site. The relationship between the measures of Fat C and EMD obtained 

on the carcase and with the HGP was examined using regression analysis. Additionally the prediction model 

(Number 8) published by Hopkins (2008) was used to derive an estimate of the percentage of lean meat (LM%; 

defined as the sum of the trimmed cut weights and the lean trim as a proportion of cold carcass weight). The 

estimation of LM% was achieved by measuring the cross-sectional area of the LL, weighing the round muscle 

and the subcutaneous fat from the loin cut and combining this with hot carcase weight. Using a conventional 
multiple regression approach based on hot carcase weight, carcase measures and HGP measures, models were 

developed to predict the estimated LM%. The precision and accuracy of the final regression models were 

assessed by the residual standard deviation (r.s.d) and coefficient of determination (R2) respectively. GenStat 

13.2 (2010) was used for the analysis. The accuracy and precision of the HGP for predicting muscle depth was 

lower, than for predicting fat depth (Table 1). In both cases it is fat depth measures that are significant for the 

prediction of LM% and the HGP measure of fat depth is inferior to that measured on the carcase.  
 

Table 1. Models and regression coefficients (± s.e.) for carcase EMD (mm), Fat C (mm) and LM (%) using HGP 

measures and LM% using carcase measures of EMD and Fat C 

 

Trait Model R2 r.s.d. 

Carcase EMD (mm)  18.4 ± 1.66 + 0.28 ± 0.059 HGP EMD 21.0 4.53 
Carcase Fat C (mm) 2.42 ± 0.49 + 0.60 ± 0.078 HGP Fat C 42.1  2.08 

LM (%) 59.2 ± 0.86 – 0.33 ± 0.070 HGP Fat C + 0.005 ± 0.024 HGP EMD* 22.7 1.77 
LM (%) 60.6 ± 0.90 – 0.61 ± 0.069 Carcase Fat C + 0.013 ± 0.031 Carcase EMD* 50.0 1.40 

*not significant 
 

Hopkins (1989) showed that high levels of accuracy and precision could be achieved when measuring 

subcutaneous fat depth in beef carcases using an earlier version of the HGP, much higher than those achieved in 

this current study on lamb. The range of the data derived from the Kongsro et al. (2009) study may explain some 

of the reason why they reported a high correlation between HGP measures and the weight of fat or lean. As 

shown here, use of FatC and EMD measures taken with the HGP provided much lower levels of accuracy or 

precision for predicting LM than using the equivalent measures taken on the carcase with a ruler. On this basis it 

appears there are limitations with the use of the probe in lambs under the conditions applied in the current study.  

 
GenStat Release 13.2 (2010). Vsn International Ltd.  
Goers H. and Craig P. (2008). Final Report for Project V.MSL.001, Meat & Livestock Australia, Sydney Australia. 
Hopkins D.L. (1989). Aust. J. of Exp. Agric. 29, 781. 
Hopkins D.L. (2008). Aust. J. of Exp. Agric. 48, 757. 
Hopkins D.L. (2011). Anim. Prod. Sci. 51, 399. 
Kongsro J., Røe M., Kvaal K., Aastveit A.H. and Egelandsdal B. (2009). Meat Sci. 81, 102.  
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Cattle prices generally are determined by market preferences for particular age, weight and fat categories with 

severe penalties for non-compliance to preferred specifications. Most beef producers have accepted the benefits of 

weighing cattle, but mouthing cattle to determine age is not commonly practiced and the use of ultrasound methods to 

estimate fat in live cattle is largely restricted to stud herds selling cattle for breeding. Producers registered for Meat 

Standards Australia (MSA) have access to feedback and benchmarking facilities which can indicate where management 

changes can produce significant improvements in value of stock sold. Economic analysis of data obtained in the  Beef 
Cooperative Research Centre Regional Combinations project (Slack-Smith et al 2009) indicated significant differences 

between breed types as a result of finishing patterns with high growth rate types being discounted for excess weight 

when finished and earlier finishing types being penalised for being too light at the required fatness. Overall there were 

approximately 30% outside of market specifications.  Feedback on steers slaughtered in 2010, Deland et al. (2011) 

indicated that a premium equivalent to $0.05per mm of fat was applied. Results were compared with the price grid 

obtained from the local export works to indicate compliance with MSA and meat processor specifications. Using a 

carcase price grid with maximum priced of $3.75/kg hot standard carcase weight (HSCW) for a 300-340 kg steer with 

0-2 permanent incisor teeth the discount of $0.25/ kg or $75/ carcase would apply for steers with 4 permanent incisors 

or $0.45/kg ($135) for 6 teeth. Similar discounts apply when carcases are either too lean ($0.40/kg) or too fat. Prices of 

carcases of more than 340kg HSCW were reduced $0.60/kg to the US export steer price. Figure 1 illustrates results for 

carcases of 59 trial steers (M631) which were benchmarked against data for 26,478 MSA cattle slaughtered in the south 
east region of South Australia in 2010. Although there were no penalties for carcases with p8 fat depth between 8-

22mm, approximately 30% of regional carcases had more than 12mm rib fat. Much of the fat in excess of 12mm is 

trimmed off in the works and represents wasted feed and labour. 

 

 
 

Figure1. Rib fat measurements of trial steers compared with cattle in the South East of South Australia in 2010 

 

A hand held ultrasound fat measuring device (Ultramac
®

, Amac Digital Products, Armidale, N.S.W) has been used at 
Struan Research Centre for monitoring the fat of trial cattle for more than 20 years. Use of such a device to identify 

cattle meeting company requirements in 2011 enabled 98% compliance with minimum fat specifications and identified 

the remaining 2% which did not comply. 

It is suggested that to avoid the costs of non-compliance to market specifications which includes price penalties and 

wastage in processing, beef producers weigh, mouth and fat test their cattle prior to sale for slaughter. Decisions can 

then be made on management or marketing strategy for non compliant animals. 

 
Slack-Smith A., Griffith, G. and Thompson, J. (2009) Australian Agribusiness Review, Vol 17(9), 178 
Deland M.P.B., Copping K., Graham J.F. and Pitchford, W.S. (2011). Proc.Assoc.Advt.Anim.Breed.Genet 19, 434. 
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Impedance is measured as the opposition to the flow of electricity. It has resistive and capacitive components 

when measured in biological tissues (Damez and Clerjon 2008).  Previous work on impedance has shown that 

electrical impedance of meat decreases as ageing progresses and that, after rigor mortis, changes in membrane 

properties make impedance measures problematic (Damez et al 2008).  These authors did, however, show that as 

meat displays anisotropic characteristics, if longitudinal and transversal measurements were made and an 

anisotropy index determined, this was strongly correlated to fibre strength in meat when measuring at a 
frequency of 100 Hz.  Whether an alternative impedance spectroscope developed by INPHAZE (Chilcott et al 

2010) has the resolution to give repeatable predictions of tenderness (measured as shear force), remains to be 

established. 

Samples of m. longissimus from the lumbar section of 6 lamb carcases (both sides of the carcase) were 

purchased from a butcher and all external fat removed.  Each loin piece was approximately 250 g.  These 

samples were 1 day aged. Each sample was cut in half and trimmed to 65-70 g with dimensions of approximately 

60-70 mm length, 40-50 mm width and 20-25 mm thick. Samples were randomised by position (cranial and 

caudal) to either ageing for 1 or 5 days. Samples aged for 1 day were measured for impedance and then frozen (-

20° C) and the other half of the samples were also measured at 1 day of age and then vacuum packed and held 

chilled (4-5° C) and measured for impedance at day 5 and then the samples frozen.  Every sample was dried with 
paper towel 3 min before measurement.  Each measurement took just under 30 min which included the use of 4 

electrodes (56milliHz ~ 1MHz, 3 spectra) then 2 electrodes (447milliHz ~ 1MHz, 3 spectra). Shear force 

samples were weighed prior to cooking (mean 64.5 g). The shear force samples were cooked and measured as 

described by Hopkins et al (2010).   

A particular point of interest was to compare impedance measures taken at 1 day of ageing on samples 
against the shear force of those samples that were aged for 5 days.  This indicates the potential to use the 

technology for prediction purposes.  Comparison of impedance and shear force measures at 1 and 5 days of 

ageing is shown in Figure 1.  Samples measured on day 1, frozen and tested for shear force (•) showed a strong 
linear relationship between impedance and shear force (R2 = 0.97), but those aged for 5 days, tested, frozen and 

then measured for shear force (×) showed a poor relationship (R2 = 0.23).  Samples tested for impedance at 1 day 
of ageing and frozen after 5 days ageing for shear force testing showed a linear trend: as impedance values 

measured on day 1 increased the shear force of the samples at day 5 increased (), however 2 samples did not 

follow this trend with a resultant R2 = 0.03.   

 

 
Figure 1. Impedance and shear force measures at 1 and 5 days of ageing 

 

Further research, based on a much larger sample, is required so that the sources of variation can be taken into 

account and the robustness of models can be tested to develop prediction models for the technology. 

 
Chilcott T.C., Halimanto D., Langrish T.A.G., Kavanagh J.M. and Coster, H.G.L. (2010). Drying Technology 29, 1. 
Damez J-L. and Clerjon S. (2008). Meat Sci. 80, 132. 
Damez J-L., Clerjon S., Abouelkaram S. and Lepetit J. (2008). J. Food Engineering 85, 116. 
Hopkins D.L., Toohey E.S., Warner R.D., Kerr M.J. and van de Ven R. (2010). Anim. Prod. Sci. 50, 382. 
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The Information Nucleus flock (INF) is made up of 8 sheep flocks across Australia that are genetically linked 

by the use of common sires. Each year 2000 progeny of the INF are being evaluated for a wide range of meat 

production and consumer-relevant traits (Pethick et al 2009), including tenderness measured as shear force. 
Shear force is being measured at two laboratories (Hopkins et a. 2010) and a threshold level was set for the 

variance of repeat measures within samples as part of the standard procedures.  This was based on previous 

analysis which indicated that a coefficient of variation of 24% was appropriate and if this level was exceeded the 

median value for the repeat samples was to be used instead of the mean.  Analysis was undertaken to verify that 

this level was still appropriate based on several years of subsequent testing.  

Data from 8934 samples of m. longissimus (loin) and m. semimbranous (topside) (5251 and 3683, 

respectively) were analysed and for each sample 6 repeat measures of shear force (SF) were measured.  These 

samples were aged for either 1 or 5 days. To homogenise the within sample variation a log transformation was 

performed.  It was found that the standard deviation of logSF was unrelated to the mean of logSF.  Analysis was 

undertaken to examine the impact of the laboratory, cut and ageing period (fixed effects) and cooking batch and 

cooking date (random effects) on the standard deviation of logSF using ASReml (Gilmour et al. 2009). There 
was a significant effect (P < 0.001) of laboratory on the standard deviation of logSF with one laboratory (B) 

exhibiting consistently more variation. There was also a significant interaction (P < 0.05) between cut and 

ageing.  Predicted average standard deviation (SD) for log (shear force) within samples are shown in Table 1. 

 

Table 1. Predicted mean standard deviation of logSF and (s.e.) for laboratory, ageing period and cut 

 

Laboratory Ageing period (days) Cut Predicted SD (s.e.) LSD.Rank 

A 1 Topside 0.145 (0.0014) a 

B 1 Topside 0.152 (0.0015) c 

A 5 Topside 0.160 (0.0026) d 

B 5 Topside 0.169 (0.0027) e 

A 1 Loin 0.146 (0.0019) ab 

B 1 Loin 0.154 (0.0019) cd 

A 5 Loin 0.149 (0.0014) bc 
B 5 Loin 0.l57 (0.0014) d 

 

Ignoring differences across laboratories, cuts and ageing combinations, the estimate of the variance of 

replicates for log(SF) from the same sample is: s2 = 0.0275 on 44630 degrees of freedom. A 95% confidence 

interval for the true variance equals (0.027, 0.028). This result can be used to derive a 95% upper boundary for 

the coefficient of variation (CV) based on 6 replicate results for a sample. Assuming log shear force (logSF) 

values are normally distributed (supported by the data) about a mean (µ) with a variance equal to 0.0275, then 

using the properties of the log normal distribution, the shear force values have a mean equal to 1.0138 exp(µ). 

Using this result, Monte Carlo methods can be used to determine the 95% upper confidence boundary for the CV 

for six SF results having a given mean. This 95% upper boundary for CV is determined to equal 0.25 

(equivalently 25% if expressed as a percentage), independent of SF mean. Using the 25% criterion, 698 of the 

8934 samples in the data (i.e. 7.8%) exceeded the threshold and for these samples the mean value of the six 
replicates would be replaced with the median for subsequent analysis of treatment effects on shear force. If only 

loin or topside cuts aged for 5 days were processed (as is now occurring) then for loins the upper 95% boundary 

for shear force CV based on 6 replicates is 24.6% and for the topside is 27.6%.  Given these results it is 

suggested that the current level of 24% be retained for both cuts thus providing a conservative level. 

 
Gilmour A.R., Gogel B.J., Cullis B.R., and Thompson, R. (2009) ASReml User Guide Release 3.0. VSN International Ltd, 
Hemel Hempstead, HP1 1ES, UK 
Hopkins D.L., Toohey E.S., Warner R.D., Kerr M.J. and van de Ven R. (2010). Anim. Prod. Sci. 50, 382. 
Pethick D.W. Jacob R.H. McDonagh M.B. O'Halloran,W.J. Ball A.J., and Hopkins D.L. (2009). Proceedings of the 69

th
 New 

Zealand Society of Animal Production. pp 96-100. Christchurch, New Zealand. 
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Tenderness of meat is important to consumers, with some consumers willing to pay a premium for more 

tender meat (Shackelford et al 2001). The Warner-Bratzler (W-B) shear force method was developed to quantify 

the tenderness of meat and is used in meat laboratories throughout the world (Wheeler et al 1997). There have 

been relatively few articles published on the variation between laboratories using the W-B technique, although 

Hopkins et al (2010) found that there were differences (P = 0.01) in shear force results between 2 Australian 

laboratories, with average results of lab 1 being 0.78 times those of lab 2. However, the results between the 

laboratories correlated well. Similarly, Wheeler et al (1997) found a significant difference between all but 2 of 5 
American laboratories, with a range of 14N in mean W-B values across all 5 laboratories. In addition, the within 

laboratory repeatability of shear force analyses ranged from 0.39 to 0.73, indicating a large variability in 

accuracy. The purpose of the current study was to investigate the variation in shear force results between 2 

laboratories involved in data collection for the Sheep CRC.  

The M. longissimus lumborum from 26 lambs were collected 1 day post mortem. The muscles were divided 

into a cranial and caudal sample and randomly assigned to 5 and 14 days of ageing at approximately 3oC, and 

subsequently frozen at -20°C. A subset corresponding to 1 sample of each animal was allocated to each 

laboratory. The distribution was such that the laboratories analysed equal numbers of the day 5 and 14 days aged 

samples. Lab A determined shear force as described in Hopkins et al (2010), where a 65 g cooking block is 

cooked from frozen at 71oC for 35 minutes in a water-bath. Lab B cooked the frozen 65 g sample blocks for 30 

minutes at 70oC in a water bath. The Lloyd texture analyser (model LRX, Lloyd Instruments, Hampshire, UK) 
was used in both laboratories, but each was configured differently. Lab A used a downward moving V-shaped 

blade at 200 mm/minute whereas Lab B used an upward moving, straight edge blade at 100 mm/minute.  

Data were analysed with a general linear model using Minitab Version 14 (Minitab inc., State College, PA, 

USA). The effects of ageing period, laboratory and location within the muscle were tested.  

 

Table 1. Summary statistics for ageing, testing location and muscle location 

 

  Mean (N)  SD Minimum Maximum Significance 

Ageing (Days) 5 27.4 ± 7.3 15.8 47.1 P=0.70 

 14 26.6 ± 6.9 16.9 53.9 

Testing Location Lab A 25.2 ± 3.7 15.8 53.9 P=0.06 

 Lab B 28.9 ± 4.7 16.9 47.1 

Muscle Location Cranial 26.8 ± 8.0 15.8 53.9 P=0.84 

 Caudal 27.2 ± 6.1 16.9 47.1 

 

There was a 3.7N difference in mean shear force between the laboratories (Table 1). This difference 

approached statistical significance (P = 0.06), but was relatively small in comparison with that reported by 

Hopkins et al (2010) and Wheeler et al (1997). Ageing period and muscle location and shear force did not have a 
significant effect (P > 0.1). The former indicates that ageing beyond 5 days is not useful to improve the 

tenderness of lamb longissimus. Results of the two laboratories correlated well (r = 0.79). This indicates that 

provided sufficient replication is performed across other sources of variation, the two laboratories will rank shear 

force samples the same.  

This work has been partially funded by the Sheep CRC. We gratefully acknowledged the technical assistance 

of Matt Kerr and Tracy Lamb (NSW DPI).   

 
Hopkins D.L., Toohey E.S., Warner R.D., Kerr M.J. and van de Ven R. (2010). Anim Prod Sci. 50, 382. 

Shackelford S., Wheeler T.L., Meade M.K., Reagan J.O, Byrnes B.L. and Koohmaraie M. (2001). J Anim Sci, 

79, 2605. 
Wheeler T., Shackelford S., Johnson L., Miller M., Miller R. and Koohmaraie M. (1997). J Anim Sci, 75 2423. 
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This paper presents data collected over two years comparing liveweight, pre-slaughter growth rate and 

carcase characteristics of lambs with moderate levels of worm burden. The lambs were bred as part of the 

Information Nucleus flock (INF) which is made up of 8 sheep flocks across Australia that are genetically linked 

by the use of common sires. Each year progeny are evaluated for a range of meat production and consumer-

relevant traits. It was hypothesised that increasing faecal worm egg count (WEC) pre-slaughter would be 

associated with increased muscle pH, decreased carcase fat and colour characteristics based on limited previous 

work (Sweeny et al. 2010). 

The lambs, mixed breed and bred by AI, included pure Merino wethers (n=7), maternal-sire first cross 
wethers (n=11), and mixed sex terminal-sire first (n=27) and second cross (n=66). Liveweight was recorded after 

fasting for 2h one month prior to- and within 7 days of slaughter. Pre-slaughter growth rate (g/d) was calculated 

using these two weights. In 2010 (n= 59) and 2011 (n= 52), 5-6 month old lambs were detected with rising worm 

egg counts at a period too close to slaughter to allow treatment with an anthelmintic. All animals were 

individually faecal sampled within 7 days of slaughter. Strongyle spp. eggs per gram (epg) ranged from 40-2600 

in 2010 (Av. 583) and between 200-1680 in 2011 (Av. 781). Nematodirus spp. epg ranged from 0-320 in 2010 

(Av. 58) and were between 0-240 in 2011 (Av. 54). Larval cultures in 2010 revealed that the worms were 71% 

Trichostrongylus spp. and 29% Teladorsagia (Ostertagia) spp., while in 2011, larval cultures showed 94% 

Trichostrongylus spp. and 6% Teladorsagia (Ostertagia). Lambs grazed lucerne pasture and in both years were 

supplemented with between 700-1000 g/hd/day oat grain. Growth rate during the month to slaughter was 196 ± 8 

g/d across years. Carcasses were subjected to pre-dressing electrical stimulation in a commercial abattoir. At 24h 
post-slaughter carcasses were cut at the 12

th rib, where loin pH, eye muscle dimensions and fat depth were 

recorded. Fresh colour (Minolta 400 chromameter with a closed cone) was recorded after a 30 min bloom. 

Samples of loin were collected and after 5 days chilling, surface colour (Hunter Lab meter) was recorded each 

day for 4 days on samples under retail display (~1000 lux) chilled at 4°C. The ratio of wavelengths 630/580nm 

was used to determine the rate of surface browning (Jacob et al. 2007). Growth rate and carcase data were 

analysed using linear mixed models in ASReml (Gilmour et al. 2009). For all models, fixed effects included 

strongyle type (WECS) and Nematodirus (WECN) worm egg counts and the random terms included sire, sire 

breed, dam breed, the breed cross of the lamb and the year of assessment. For growth rate, the weight one month 

pre-slaughter was used as a covariate. Hot carcase weight (HCW) was included as a covariate for eye muscle and 

fatness measures, while 24h pH was used as a covariate for colour analyses. 

Lambs that were heavier 1 month pre-slaughter had higher WECS (P = 0.03). No significant relationship was 

observed between WECS and weight 7 days pre-slaughter or growth rate. WECN levels did not affect either 
liveweights or growth rate. Lambs with higher WECS had heavier carcasses (106 ± 0.3 g/100 epg; r2 = 0.15; P = 

0.002), and wider eye muscle dimensions adjusted for HCW (0.15 ± 0.07 mm/100 epg; r2 = 0.07, P = 0.03). 

Carcase pH at 24h was not significantly affected by WECS or WECN, but fresh colour L* (0.06 ± 0.03; r2 = 

0.09, P = 0.045) and b* (0.03 ± 0.01; r2 = 0.10, P = 0.06) values were found to increase as WECS increased. Fat 

depth above the eye muscle and at the GR site were not significantly affected by WEC, nor was fresh colour a*, 

or the colour ratio for surface browning. 

Safari et al. (2005) reported a weak phenotypic correlation (-0.08) between faecal worm egg count and post-

weaning weight. In this study, lambs achieving good mean growth rates to slaughter exhibited no variation of 

growth rate across the range of WECS or WECN observed, but these results do not imply that the growth rates 

would have been the same at lower WEC levels. Sweeny et al. (2011) reported similar levels of worm burden in 

Dorper lambs and also found no significant relationship between WEC and eye muscle depth, but did report a 
significant reduction in body condition score. This study also showed that lambs with higher HCW had higher 

egg counts than lighter lambs at the same age. Despite the level of WECS ranging from very low to very high 

counts, no effects were observed on other carcase traits. However, after allowing for variation in HCW, fresh 

colour L* and b* values and eye muscle width each increased as WECS increased. These appear to be favourable 

relationships, implying that the level of burden was insufficient to adversely affect meat quality characteristics 

above the benefits for carcase traits achieved by attaining higher growth rate and heavier carcase weights. 
 

Jacob R.H., D’Antuono M.F., Smith G.M., Pethick D.W. and Warner R.W. (2007). Aust. J. Agric Res. 58, 374. 
Safari E., Fogarty N. M. and Gilmour A. R. (2005). Liv. Prod. Sci. 92, 271. 
Sweeny J. P. A., Gardner G. E., Dobson R. J., Jacobson C. and Bell K. (2011). Vet. Parasit. 180, 307. 
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Micrometeorological measurement approaches are becoming increasingly common for the measurement of 

greenhouse gas emissions from animal systems, including grazing beef, dairy, sheep and intensive beef systems. 
These measurement approaches have allowed exploration of diurnal patterns of emissions from livestock 

systems, with distinct diurnal variations in concentration of methane (CH4) and ammonia (NH3) reported for 

grazing and beef feedlot cattle (Harper et al. 1999). This paper explores the implications of loss of data points 

during isolated periods of the diurnal profile for emissions from feedlot beef cattle. Emissions measurements 

were undertaken at a northern Australian feedlot over 4 measurement campaigns (two in summer and two in 

winter. A micrometeorological approach based on the measurement of gas concentrations using open path lasers 

or FTIR spectroscopy combined with a backward Lagrangian Stochastic (bLS) dispersion model was used to 

calculate CH4 and NH3 emission strengths. Filtering criteria were applied to remove unreliable data, including 

extremes in meteorological data and periods of low coverage of the source area through the modelling process. 

Full details of the methodology for emissions measurements can be found in Chen et al. (2009).  

The final summer measurement campaign clearly highlighted the effect of the loss of useable observations. 

Due to the filtering criteria applied to flux data from this campaign, CH4 fluxes were calculated for only 23% of 
possible time points over a 24 hour period. Ammonia fluxes were calculated for only 34% of a 24 hour period.  

Measured emissions of NH3 (Figure 1a) were clustered during periods of peak emissions. Measured emissions 

for CH4 corresponded to periods of low CH4 concentration (Figure 1a). This is likely to lead to higher calculated 

emissions for NH3, and lower calculated emissions for CH4 as evidenced by comparison between data collected 

in summer 2008 (Figure 1a) and winter 2007 (Figure 1b). From the summer 2008 measurement campaign, CH4 

emissions averaged 63.8 g/head/day (with no substantial changes in rations or animal) compared with 127.4 to 

138.8 for the previous campaigns. Measured NH3 emissions were higher during summer 2008 (324.4 

g/head/day) than those from the previous periods (94.0 to 143.1 g/head/day). Reported emissions summer 2008 

were also considerably more variable with standard errors of 14.8 (CH4) and 34.7 (NH3) compared with the 

previous campaigns (CH4 3.0 to 4.7. NH3 2.8 to 7.6).   
 

a b  
 
Figure 1a and b. Meaured emissions of CH4 and NH3 (g/head/day) at 15 minute intervals during the Summer 2008 

Measurement campaign (a), and the Winter 2007 measurement campaign at the same site (b)  

 

This study demonstrates the need for emissions measurements in livestock systems to be undertaken over the 

diurnal cycle to reduce bias associated with differences in emissions rate. Increased variability in emissions from 

measurement periods of limited data may reduce ability to detect differences in emissions.  

 
Chen D., Bai M.,  Denmead O.T., Griffith D.W.T.,  Hill J., Loh Z.M., McGinn S.M., Muir S., Naylor T., Phillips F. and 

Rowell D. (2009) ‘Greenhouse gas emissions from Australian beef cattle feedlots.’ (Meat and Livestock Australia, 
Project FLOT.331 Final Report, Sydney, NSW, Australia) 

Harper L.A., Denmead O.T., Freney J.R. and Byers F.M. (1999) Journal of Animal Science 77 1392.   
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The use of remote sensing technology enables quantitative measurements of sheep and their behaviour to be 

obtained throughout day and night. These measurements can be obtained without the need for a human presence. 

Proximity loggers have also been used to measure contact levels between cows and calves (Swain and Bishop-

Hurley 2007). The loggers use an ultra high frequency (UHF) transceiver that transmits a unique code. They also 

receive and log signals from other units within a predetermined distance (Broster et al 2012).   

Proximity loggers were attached to a total of 85 ewes over 4 experiments to record contact levels. Data were 

analysed to evaluate the reliability of the loggers in quantifying contacts between various classes of sheep. As 
proximity loggers both transmit and receive a signal the number and duration of contacts between each 

reciprocal pair of collars should be similar. The output from the proximity loggers provided a record of the date, 

time and identification of first contact with any other collar, and the length of that contact.   

For 3 of the 4 experiments reciprocal data for three classes of animals (ewe-ewe, ewe-offspring and siblings) 

were plotted for all collar pairs that were both transmitting and receiving a signal while for the fourth experiment 

reciprocal data was collected only for ewe-ewe contacts. Both the total number and duration of contacts were 

plotted. This provided 221 ewe-ewe, 75 ewe-offspring and 24 sibling pairs for analysis. The data from all 

experiments were combined into the appropriate animal class and the collar pairs were compared using linear 

regression. 

Overall the data demonstrated that there was a strong correlation between the pairs of collars in both the 

duration (r
2=0.9878) and number (r2=0.9128) of contacts. For all of the different classes of animals the 

correlation for contact duration was higher than that of contact numbers (Table 1).  

 

Table 1. Correlation (r
2
) between reciprocal collar pairs for duration and number of contacts  

 

Class Contact duration Contact number 

All 0.9878 0.9128 

Ewe-ewe 0.9659 0.9113 

Ewe-offspring 0.9555 0.7905 

Siblings 0.9712 0.9663 

 

That the reciprocal pairs of collars returned a similar number of contacts and contact start distance agrees 

with the findings of Swain and Bishop-Hurley (2007) where the correlation (r2) between pairs of collars was 

greater than 0.95.  This justifies the use of pairs of collars when only one is working. Swain and Bishop-Hurley 

(2007) found similar correlations between cows and calves for both numbers of contacts and contact duration.  

However, for both ewe-ewe and ewe-offspring pairs this study found the correlations for contact numbers to be 
much lower than that for contact duration. 

For the ewe-ewe collars the reduction in correlation may have been due to interference from other ewes.  As 

sheep move in flocks, ewes without collars may also have impacted on the signal strength of the collars when 

moving between two collared animals. However, for the ewe-offspring pairings it is more likely that the lower 

level of correlation for contact numbers was the result of differences in collar height.  That the correlations for 

contact number and duration for the siblings were similar supports this explanation.   

 

EverGraze is a FFI CRC, MLA and AWI research and delivery partnership. 
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The use of remote sensing technology enables quantitative measurements of animals and their behaviour to 

be obtained 24 hours/day without the need for a human presence. Proximity loggers use an ultra high frequency 

(UHF) transceiver that transmits a unique code and receives and logs signals from other contact loggers within a 

predetermined distance. This distance cannot be determined exactly as the radio waves can be reflected, refracted 

and/or absorbed by a number of naturally occurring objects (Mullen et al 2004). 

Global positioning system (GPS) collars and proximity logger collars were attached to 3 Merino ewes each 

weighing approximately 50 kg.  The GPS collars were configured to log their position at 4 sec intervals, the 
shortest logging interval available for the units used.  The proximity loggers were configured for a separation 

time of 1 sec.   

Times for all loggers were converted to the number of seconds after a specified time.  When no GPS position 

was available for a time the previously logged position was used.  The distance that each sheep was from the 

other 2 were then calculated for each second.  The start and finish of every contact logged between animals was 

also assigned a time in seconds after the initial start point.  From these data the distance between the animals 

could then be calculated for the start and end of all contacts. 

The mean distance between collars for the start and end of each contact was similar (4.29 m cf. 4.3 m). This 

was the result of the logging interval for the GPS being 4 sec and the majority of contacts being 1 sec in length.  

The overall mean contact distance was 4.295 ms (SEM: 0.018 m) and median was 3.327 m.  However, there was 

a large range in the start or end contact distances, the minimum being 0 m and the maximum 29.63 m. However, 
91.9% of contacts occurred below 10 m and 99.08% below 15 m (Figure 1). 
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Figure 1. Frequency of the distances at which contact started or ended 

 

The results of this experiment shows that for ewes weighing approximately 50 kg contacts will be recorded 

when ewes are approximately 4 m apart on the settings selected.  There was some variation between the units 
tested.  This may simply be the result of the sheep having different body masses or shapes or the location of the 

antennas relative to the animals.  The GPS units involved did not provide a differentially corrected position; 

therefore there will be some positional errors but minimal relative differences between the 3 GPS units. 

 

EverGraze is a FFI CRC, MLA and AWI research and delivery partnership. 
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Methane from Australia’s farmed livestock accounts for ~11% (CO2-e) of total national greenhouse gas 

emissions (AGEIS 2008). Open-circuit respiration chambers, tracer gas and micrometeorological and mass- 
balance methods are used to determine emissions from individual animals and small groups of livestock. 

Individual, whole-animal enclosed open-circuit respiration chambers are generally regarded as the ‘gold 

standard” for measuring total tract methane emissions. 

Four open-circuit respiration chambers have been constructed at Lansdown Research Station, near 

Townsville. The operation of these chambers is similar to those described by Tomkins et al. (2011) and the 

design initially based on those used by AgResearch NZ (Pinares-Patiño CS. pers comm.). Each chamber is 4.0 x 

2.4 x 2.4 m. and constructed of RHS (100x50 mm) and SHS- (50x50 mm) galvanised steel over which 4.5mm 

clear polycarbonate is attached providing full visibility. The floor of each chamber is finished with a spray-on 

composite rubber over 5.0 mm floor plate. Fibreglass reinforced polyester grates are fitted over sumps in each 

chamber to facilitate the collection of urine and faeces resulting in a chamber volume of 20.16 m3. A modified 

squeeze crush within each chamber defines a confinement area which can effectively accommodate cattle of 
different sizes and allow safe collection of rumen fluid or blood as required. Each chamber has a door (1050 x 

2100 mm) at either end that provides an entry and exit for both animal and staff. Doors are manufactured from 

extruded aluminium with 4.5 mm polycarbonate double glazed panels with continuous rubber seals. A feed bin, 

mounted on a weigh cell in each chamber allows for recording feed intake during measurement periods. Water is 

provided from a galvanised bowl fitted with a float valve and meter. The feed/water assembly is mounted on a 

hinged frame to provide clearance when animals exit the chamber. 

Independent bulk head pre-conditioner units are fitted to each chamber to control air temperature and 

humidity. Air is sourced external to the building using 200 mm ID PVC ducting and chamber air is vented 

through similar ducting 2.0m above the roof line. Inline fans (TD800/200N Fantech Mulgrave Aust.) fitted with 

variable speed controllers maintain flow rates of 100 L/s and a slight negative pressure within each chamber so 

no gas is lost from the system. Relative humidity/ temperature (HMT 330, Vaisala Pty Ltd Aust.) and pressure 
(QBM75-1U/C, Siemens Switz Ltd.) sensors are installed in each chamber for correcting gas concentrations to 

STP. Air flow is measured on the exhaust with thermal flow sensors (SS20.500 SCHMIDT® Flow sensor). The 

air sample for the analysis of gas composition is drawn from a point in the exhaust duct through polyurethane 

tubing at 4.5 L/minute using a micro diaphragm pump located between a multiport gas switching unit (SW & 

WS Burrage, Ashford Kent UK) and membrane drier (Perma Pure LLC). Air samples from each chamber 

initially pass through particulate filters (AF30-02 SMC Pneumatics Aust. Pty Ltd) and a four pot fridge drier 

prior to the multiport gas switching unit which cycles through each chamber and two outside air ports every 180 

s. Air samples then pass through the membrane drier and are metered through independent rotameters before 

compositional analysis for CO2, O2 and CH4 (Servomex 4100, Servomex Group Ltd. Crowborough UK). A trace 

gas analyser (Servopro K4000 CHROMA, Servomex Group Ltd. Crowborough UK) fitted with a dedicated H2S 

scrubber containing molecular sieve 4A (Headline filters Ltd, UK) is also used to determine H2 concentration in 

sampled gas. The analysers are calibrated using 99.99% N as a zero standard, and 100 ppm CH4 in N, 1.04% 
CO2 in N and 0.1% H2 in N as independent gas standards (BOC Ltd. Aust).  

Sampling events, internal monitoring of chamber conditions and data management are handled by Innotech® 

processors (Genesis II, Innotech®, Brisbane Aust) using digital I/O at 4- 20 mA. Data are compiled in a 

dedicated computer using an SQL database with CH4 emissions calculated by averaging the last 90 seconds of 

each sampling period. In the event of system failure the Innotech® system also initiates an alarm sequence using 

a mobile phone network. This system has now been used in one trial to test the functioning of the components 

and confirm the suitability of the design for animal ethics. Further testing includes calibration of each chamber 

before experimental work can be conducted in 2012 to assess novel feed additives for methane mitigation and 

validation of new measurement methodologies. Although construction of the new chamber system described has 

been completed, supporting software continues to be upgraded to improve data collection and handling. 

 
AGEIS. (2008). Australian Greenhouse Gas Emissions Information System. Dept Climate Change and Energy Efficiency. 

Aust Govt. Canberra. 
Tomkins N, McGinn S, Turner D, Charmley E (2011) Comparison of two methods for measuring methane emissions from 
beef cattle grazing Rhodes grass dominated pastures. Anim. Feed Sci. Tech. 166-167, 240-247. 
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Lifetime Wool guidelines (Oldham & Thompson 2004) have provided producers with a strong understanding 

of the link between live weight, body condition and the ewe’s ability to cycle and produce a lamb. Strategies 

used to meet joining targets include rapid condition gain after weaning or maintaining ewe condition across the 

lactation period. This paper looks at the potential to use young animal weights (weaning and post weaning) to 

select for increased weight in the mature ewe during the “tough” periods within the production cycle. Genetic 

correlations between young animal weights with the weight of the mature ewe across their first three parities are 

reported.  
The 2846 F1 ewes studied were part of the Maternal Central Progeny Test described in full by Fogarty et al. 

(2005). In brief, the F1 ewe population joined to a terminal sire over 3 years with the first joining at 7 months of 

age. The ewes were weighed at weaning (WWT), post-weaning (PWWT) and then over the first three parities at 

pre-joining, post-joining, mid-pregnancy and when they weaned their lambs. 

An animal model was fitted accounting for site (Cowra, Hamilton & Struan/Rutherglen), year (1998-2003) 

and ewe maturity (1st - 3rd joining), sire breed, and the ewe’s maternal performance (lactation length and type of 

birth and rearing) within the previous and current breeding period. A maternal genetic effect was fitted to 

weaning and post-weaning weight.  

 

Table 1.  Phenotypic and genetic parameters of weaning, post weaning and adult weights and 

environmental (rE) and genetic correlations (rG) between adult weights and the younger measures. Genetic 

parameters include additive genetic variation (VA) and heritability (h
2
) 

 
     WWT PWWT 

 Mean (kg) s.d. VA h2 rE rG rE rG 

Weaning 21.86 5.51 2.50   0.16* - - 0.47 0.93 
Post weaning 37.75 6.13 19.34  0.39* 0.47 0.93 - - 
1st parity pre-joining 45.99 11.26 19.12 0.57 0.37 0.97 0.56 0.95 
1st parity post-joining 48.72 12.22 25.63 0.77 0.03 0.76 0.46 0.94 
1st parity mid-pregnancy 51.21 11.19 21.87 0.67 0.04 0.72 0.39 0.94 
1st parity weaning 58.43 8.98 31.88 0.56 -0.03 0.70 0.25 0.84 

2nd parity pre-joining 61.98 8.40 30.98 0.62 -0.19 0.72 0.11 0.96 
2nd parity post-joining 62.69 9.27 33.86 0.65 -0.10 0.68 0.16 0.83 
2nd parity mid-pregnancy 66.06 8.83 29.32 0.56 0.03 0.62 0.19 0.91 
2nd parity weaning 65.21 9.70 25.90 0.46 0.16 0.63 0.32 0.88 
3rd parity pre-joining 66.32 9.78 29.82 0.57 -0.04 0.65 0.07 0.91 
3rd parity post-joining 69.37 10.22 40.23 0.69 -0.24 0.69 0.10 0.85 
3rd parity mid-pregnancy 73.76 8.13 40.17 0.69 -0.31 0.67 0.08 0.89 
3rd parity weaning 67.86 9.15 28.14 0.46 0.12 0.62 0.16 0.79 

* Maternal heritability of weaning weight = 0.32, post-weaning weight = 0.15  

 

The genetic correlations between post-weaning weight and the 12 adult measurements (0.79 – 0.96) suggest 

that post-weaning and adult weights are genetically the same trait and that selection on a desired ewe weight can 
be achieved at a young age. The correlations between weaning weight and adult weights (0.62 – 0.97) support 

this strong genetic link between young and adult weights, albeit slightly weaker. Thus, variation in weight 

change during pregnancy and lactation is primarily environmental rather than genetic. 

The strong genetic correlations suggest that if selection is made for heavier weaning and post weaning 

weights in lambs destined for slaughter, than breeding ewes will become increasingly heavier. This is supported 

by strong genetic correlations between weights within parities, estimated but not shown. The work will be 

progressed to see if selection on the young animal traits is leading to heavier animals through a desired increase 

in condition or just increasing the size or frame of the ewe, which is undesired in most production systems. 
 
Fogarty N.M., Ingham V.M., Gilmour A.R., Cummins L.J., Gaunt G.M., Stafford J., Hocking Edwards JE. and R.G. Banks  

(2005) Australian Journal of Agricultural Research 56(5), 443-453. 
Oldham C.M. & Thompson A.N. (2004) Animal Production in Australia 1, 291 
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Reduction of CH4 emissions can be achieved by breeding for animals with lower CH4 yield. The objective of 

this study was to calculate genetic variation in predicted CH4 energy production (pCH4MJ) per year and its 

correlation with lactation average liveweight (LWT), change in body condition score from calving to day 60 

after calving (BCSch) and total yields of milk (MY), fat (FY) and protein (PY). The dataset comprised 579 

lactations from 278 Holstein Friesian cows recorded during the years 2001 to 2003 (Macdonald et al 2008). Milk 

volume and composition (fat and protein) of all cows were measured by weekly herd tests. Cows were weighed 
and body condition score (BCS) was assessed in the morning every second week. Daily performances for milk, 

fat and protein, liveweight and BCS were modelled with an exponential function. Daily metabolisable energy 

(ME) intake per cow was calculated as the sum of ME requirements for milk production, maintenance, 

pregnancy, growth and changes in BCS. Daily CH4 energy production was predicted using the following 

equation (Ellis et al 2007): CH4 (MJ/day) = 4.08 + 0.0678 × ME intake (MJ/day). MY, FY, PY, LWT, pCH4MJ 

and BCSch were estimated using daily predicted values and analysed with a multiple-trait animal model to 

obtain (co)variance components for these traits using the ASReml program (Gilmour et al 2009). The model 

included the fixed effects of contemporary group (farmlet-year of calving), strain and parity number, and the 

covariables age at calving with parity, lactation length and feed allowance within strain. Random effects were 

additive animal and cow permanent effects.  

 
Table 1. Estimates of genetic parameters* for lactation yields of milk (MY), fat (FY) and protein (PY), 

liveweight (LWT), predicted methane energy (pCH4MJ) and change in body condition score (BCSch) 

 
 MY FY PY LWT pCH4MJ BCSch Mean σ!

!  

MY 0.31 (0.19) 0.67 (0.03) 0.86 (0.01) -0.01 (0.06) 0.58 (0.03) -0.45 (0.03) 4919 105,248 
FY 0.54 (0.32) 0.26 (0.18) 0.74 (0.03) 0.06 (0.06) 0.62 (0.03) -0.45 (0.04) 218 169 
PY 0.76 (0.19) 0.68 (0.27) 0.24 (0.18) 0.13 (0.06) 0.66 (0.03) -0.37 (0.04) 170 78 
LWT 0.56 (0.33) 0.58 (0.33) 0.65 (0.33) 0.61 (0.28) 0.65 (0.03) 0.30 (0.05) 481 924 
pCH4MJ 0.77 (0.20) 0.73 (0.22) 0.81 (0.18) 0.94 (0.08 0.49 (0.26) 0.11 (0.05) 3716 28,901 
BCSch -0.61 (0.44) -0.71 (0.52) -0.68 (0.48) -0.07 (0.56) -0.37 (0.60) 0.08 (0.09) -0.69 0.053 
*Phenotypic correlations (±se) shown above, genetic below, and heritabities on the diagonal. σ!

!
 =genetic variance. 

 
Heritability for pCH4MJ in this study was 0.49, which is similar to the value of 0.35 reported in indoor Dutch 

Holstein-Friesian cattle (de Haas et al 2011) but much higher than the value of 0.12 reported in indoor Italian 

Holstein Friesian cattle (Cassandro et al 2010). Estimates of genetic correlations between production traits and 

pCH4MJ were similar to the values reported by Cassandro et al (2010) but higher than those reported by de Haas 
et al (2011). The genetic parameters obtained in this study can be used to evaluate responses in production traits 

and pCH4MJ to future breeding objectives that include direct selection for reduced methane emissions in dairy 

cattle. Caution should be taken in the interpretation of these estimates, because CH4 production was not 

measured directly, but was estimated from predicted daily energy intake, itself predicted from LWT, and milk 

yields, this inevitably introduced an element of autocorrelation between the variables. 

  
Cassandro M., Cecchinato A., Battagin M. and Penasa M. (2010). Proc. 9th World Cong. Genet. Appl. Livest. Prod., Leipzig, 

Germany, Commun. No 0837. 
de Haas Y., Windig J.J., Calus M.P.L., Dijkstra J., de Haan M., Bannink A. and Veerkamp R.F. (2011). J. Dairy Sci. 94, 

6122. 
Ellis J.L., Kebreab E., Odongo N.E., McBride B.W., Okine E.K. and France J. (2007). J. Dairy. Sci. 90, 3456. 
Gilmour A.R., Gogel B.J., Cullis B.R. and Thompson R. (2009). ASReml User Guide Release 3.0. Hemel Hempstead, HP1 

1ES, UK: VSN International Ltd. 
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Ruminants grazing crude protein (CP) deficient pastures have reduced feed intake and hence liveweight gain. 

The liver plays a key role in metabolic control in ruminants. The objective of this experiment was to determine 

the mRNA abundance of candidate genes in metabolic pathways in the liver of sheep fed diets of different 

CP:energy (ME) content. 

Merino wether lambs (n=35; 25.3 ± 0.4 kg liveweight, LW) were blocked on LW and allocated to one of four 

treatments and individual pens. The four treatments were lucerne (Medicago sativa) chaff ad libitum, speargrass 

(Heteropogon contortus) hay ad libitum, speargrass hay ad libitum plus fish meal, and a restricted amount of 

speargrass hay plus fish meal to supply an equivalent ME but higher CP intake to that of speargrass hay ad 

libitum; the CP:ME content of the treatments is provided in Table 1. After 28 days of treatment feeding the 

wethers were euthanased and liver samples were collected over five consecutive days. Total RNA was extracted 

from the liver using a RNeasy plus Mini kit (Qiagen), DNAseI treated (Ambion) and reverse transcribed into 

cDNA (Omniscript; Qiagen). The cDNA was pre-amplified with 14 cycles of PCR (Taqman Preamp Master 

Mix; Applied Biosystems) prior to real-time PCR analysis on a 48.48 Dynamic Array chip (BioMark; Fluidigm). 

Quantitative PCR was performed using the Evagreen dye (Biotium) and Taqman Gene Expression Master Mix 

(Applied Biosystems). The geometric average of two stably expressed reference genes (PRKAG1 and UHCL5) 

was used to normalise the real-time PCR data (GenEx; MultiD). Statistical analyses of data were performed 

using the GLM procedure in SAS v9.2 with dietary treatment as a fixed effect.  

Total dry matter intake (DMI) differed among treatments (Table 1). Forkhead box 01 and pyruvate 

carboxylase mRNA were less abundant in the liver of sheep fed lucerne chaff compared to speargrass hay. 

Insulin-like growth factor 1 and peroxisome proliferator activated receptor gamma co-activator 1α mRNA were 

more abundant in the liver of sheep fed lucerne chaff compared to speargrass hay. There were no significant 

treatment effects on growth hormone receptor, IGF receptor type 1, liver X receptor-α, retinoic acid receptor-γ, 

phosphoenol pyruvate carboxykinase 1, AMP activated protein kinase subunit β1 and γ1 mRNA abundance in 

the liver. It appears that the abundance of mRNA of genes in the liver involved in regulating metabolic status of 
sheep varies mainly in response to DMI and the CP:ME content of the diet. Sterol regulatory element binding 

transcription factor 1c and glucose 6 phosphatase mRNA abundance were decreased and increased, respectively, 

in response to fish meal in the diet, probably associated with its lipid content rather than DMI or CP:ME. 

 

Table 1. Protein:energy content of treatments (CP:ME), total dry matter intake (DMI) and relative 

mRNA abundance of genes in the liver of weaner sheep fed diets of different CP:ME
1,2,3

  

 

Parameter Lucerne  

ad lib. 

Speargrass  

ad lib. 

Speargrass  

ad lib. + fish meal 

Speargrass 

 restricted + fish meal 

CP:ME4 18.7 ± 0.3c 5.1 ± 0.3a 15.2 ± 0.3b 19.5 ± 0.3c 

DMI (g/kg LW.d) 38.6 ± 0.4d 15.3 ± 0.4b 18.5 ± 0.4c 13.2 ± 0.5a 

FOXO15 100.0 ± 11.5a 172.0 ± 11.5c 131.7 ± 11.5ab 152.6 ± 11.5bc 

G6PC5 100.0 ± 8.9a 85.6 ± 8.9a 129.5 ± 8.9b 132.0 ± 9.5b 

HNFa5 100.0 ± 10.0a 126.7 ± 10.0ab 123.2 ± 10.0a 153.9 ± 10.6b 

IGF15 100.0 ± 7.0b 46.7 ± 7.0a 94.7 ± 7.0b 60.1 ± 7.4a 

PC5 100.0 ± 18.8a 276.4 ± 18.8b 293.9 ± 18.8b 296.4 ± 18.8b 

PPARGCIA5 100.0 ± 4.8b 74.1 ± 4.8a 115.5 ± 4.8c 110.6 ± 5.1bc 

SREBF1c5 100.0 ± 3.8c 43.3 ± 3.8b 21.8 ± 3.8a 14.9 ± 3.8a 
1Values are least square means ± standard error of the mean. 
2Different alphabetical superscripts across each row indicate a significant difference between treatment means (P<0.05). 
3Abundance of mRNA for each nutritional treatment is expressed relative to Lucerne ad libitum (100%) for each gene.  
4ME  = 0.172 x DMD - 1.707 (CSIRO, 2007. Nutrient requirements of domesticated ruminants). 
5Genes are: Forkhead box protein 01 (FOXO1), glucose 6 phosphatase (G6PC), hepatocyte nuclear factor 1 (HNF1), insulin-
like growth factor 1 (IGF1), pyruvate carboxylase (PC), peroxisome proliferator-activated receptor gamma co-activator 

1α (PPARGCIA) and sterol regulatory element binding transcription factor 1c (SREBF1c). 
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Monitoring the behaviour of animals is a difficult and time consuming task. Whilst the gold standard remains 

direct or video observation, several technologies have been developed to alleviate the need for human input. One 

of the key technologies that has been increasingly used by animal researchers is accelerometers. These devices 

measure the force due to acceleration, usually in several axes. In this trial the utility of a simple 3-axis 

accelerometer to distinguish between several key behaviours was examined.  

A polycarbonate box containing a simple 3 axis accelerometer (Gulf Coast Data Concepts, X16-1C) was 

attached to the bottom of a collar and placed on a heifer. The accelerometer generated estimates of acceleration 

measured in g (a proportion of the acceleration due to gravity 9.8m/s2) in 3 axes (X, Y and Z). The behavioural 
state of the heifer was monitored using an I-phone application (Timothy Heuser, WhatISee) which was 

synchronised to the accelerometer. Data was extracted from both devices and processed in Microsoft Excel. For 

each of 4 behavioural states (standing, walking, grazing and running), 5 discrete series of data were selected 

comprising of 8 seconds of accelerometer data at 10 Hz recording rate. These series of data represent the 

accelerometer unit in a steady state. 

The raw accelerometer traces (Figure 1) revealed that there were obvious differences between behavioural 

states with noticeable variation on both the mean and signal magnitude. However, there was also found to be 

pronounced shifts in the mean value of the individual axis records between different series of the same 

behavioural state. This meant that a classification model needed to be developed that: 1. captured the magnitude 

of the departure from the mean value (i.e. the magnitude of the peaks and valleys); and 2. captured the variability 

in the magnitude of successive records in the signal. 
To develop the model we derived a single acceleration statistic (Ai) for each sample (Ai=A

2
x,i + A2

y,i + A2
z,i). 

The energy and acceleration entropy statistics were then calculated for each sample. The energy statistic (E) is 

used to denote the magnitude of the departure of the peak or valley from the mean value. The acceleration 

entropy statistic (S) is used as a measure of the similarity or variation in the signal. In order to partition the 

Energy-Entropy feature space into different zones corresponding to different state a linear discriminant analysis 

classification model was fit to the data.  

 

  
Figure 1 Trace of a portion of raw accelerometer 

data showing how the data from each axis (X, Y 

and Z) varied with state 

Figure 2 Plot of energy-entropy classification zones 

with individual running (R), standing (S), walking 

(W) and grazing (G) series locations shown 

 

The Energy-Entropy plane partitioned into different zones according to state (Figure 2). The scatter plot of 

each series is overlaid over the zones demonstrating that the linear discriminant provides an accurate 

classification model. Accuracy was assessed using leave-one out cross-validation with the model found to 

accurately predict state 95% of the time.  

This model is simple and requires that the signal settles into a steady state and ignores transitional states. 

Despite these limitations it is clear that simple accelerometer based sensors have good potential to accurately 
model behavioural states in grazing livestock. 

 

Email: mtrotter@une.edu.au 
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Methane Emissions from Ruminants: Towards a Better Understanding of Outputs from the 

Laser Methane Detector 

P. Ricci, M.G.G. Chagunda, C-A. Duthie, J. Houdijk, R. Roehe, J. Rooke and A. Waterhouse 

Scottish Agricultural College, West Mains Road, Edinburgh, EH9 3JG, Scotland 

Available techniques to quantify methane (CH4) emissions from ruminants are either expensive, time 

consuming, raise issues in terms of reliability of results or cannot represent animals’ natural condition. The Laser 

Methane Detector (LMD) is a relatively cheap hand-held spectroscope which, first used in dairy cows, has been 

proposed as an alternative method to characterise enteric CH4 emissions from animals in their natural 

environment (Chagunda et al 2009). The aim of this work is to propose a new method for the analysis and 
interpretation of the outputs that can be obtained with this device. The method was developed with a small trial 

on sheep and then used and tested in a larger trial on finishing beef cattle on different diets. 

The LMD was used to measure CH4 emitted from the mouth and nostril area of 24 lactating Mule ewes fed 

alfalfa pellets and 72 finishing Aberdeen Angus cross Limousin steers fed TMR of either 75:25 or 8:92 forage to 

concentrate ratio. The LMD measures the concentration (ppm per metre) of CH4 present between the object and 

the detector based on infrared-absorption spectroscopy. Measurements were taken every 0.5 seconds during five 

2 minute periods on 1 day for each ewe and one 4 minute period repeated on 3 consecutive days for each steer. 

Daily mean CH4 production from cattle was then measured during 48h in new open-circuit respiration chambers, 

similar to those mentioned by Gordon et al., 1995. 

The dataset consisted of a series of mini-peaks and mini-troughs (Figure 1). Due to the cyclic nature of the 

data (respiratory tidal cycle) mini-troughs are proposed to be remnants of CH4 produced by the animal, while 
mini-peaks are the actual CH4 concentration detected from each exhalation. Apart from normal breath cycles, 

episodes of high CH4 concentration were observed (Figure 1), which have their own sets of mini-peaks and mini-

troughs, and are presumed to be eructation events. The lower oscillating level is presumed to be CH4 emanating 

from the lungs. For those animals which presented episodes of eructation, a value of 1 standard deviation (SD) of 

each observation period was set as a threshold between eructation and respiration. Means of mini-peaks and 

mini-troughs of CH4 concentration within each event (eructation and respiration) were indentified. Results were 

analysed separately for sheep and cattle using Proc Mixed and correlation between methods with Proc Corr of 

SAS. Sheep data set was analysed as repeated measurements. In cattle data set, diet was considered as factor. 

 
Figure 1. Example of output data (solid line) from one observation period obtained with the Laser Methane Detector 

in ewes. Data consist of mini-peak and mini-trough values (amplified section). Values below and above one standard 

deviation (dashed line) are identified as Respiration-CH4 and Eructation-CH4, respectively. Background CH4 

concentration was also identified (dotted line) 

In ewes, 91±3.8(SE)% of total CH4 corresponded to CH4 from eructation and the remaining 9±3.8% to 

respiration CH4. These values agreed with previously reported ranges (Murray et al. 1976). CH4 concentrations 

decreased (p<0.005) from 28±2.7 to 17±1.4 ppm-m as time after offering fresh food increased. The data analysis 

method produced similar results when applied to cattle, differentiating between eructation (88±2.7%) and 

respiration (12±2.7%) based CH4. As expected, steers offered a high concentrate diet exhibited significantly 

lower CH4 than those offered a high forage diet (33±3.9 and 73±4.0 ppm-m, respectively, p<0.0001). Mini-peak 

values from both eructation and respiration were significantly correlated (r = 0.38, p<0.002 and 0.51, p<0.0001 

respectively) with CH4 outputs (g/d) from cattle in respiration chambers. Overall, this device and data analysis 

method provide detailed information regarding the biology of CH4 produced by ruminants. It proved capable of 

both characterising and differentiating between diets and data was correlated with full chamber-based data. 

Chagunda M.G.G., Ross D. and Roberts D.J. (2009). Comput. Electron. Agric. 68, 157. 
Murray R.M., Bryant A.M. and Leng R.A. (1976). Br. J. Nutr. 36, 1. 
Gordon F.J., Porter M.G., Mayne C.S., Unsworth E.F. and Kilpatrick D.J. (1995). J. Dairy Res. 62, 15. 
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Lot feeding provides a highly efficient system for finishing beef cattle and producing products (meat and live 

cattle) of consistent quality and quantity. The intensive nature of feedlot operations makes them a significant 

point source of emissions. There is a lack of emissions benchmarking data available for the feedlot industry, 

making accurate estimates of both baseline emissions and potential reductions difficult. Modelling based on the 

Australian National Inventory approach (AGO 2006) suggests that emissions from feedlots are dominated by 

methane (CH4), with a smaller contribution of ammonia (NH3) and nitrous oxide (N2O).  
Emissions measurements were undertaken at 2 commercial Australian feedlots, over 7 measurement 

campaigns, during both summer and winter. The feedlot sites were located in the southern state of Victoria, and 

the northern state of Queensland. A micrometeorological approach based on measurements of gas concentrations 

with open-path gas analysis and a backward Lagrangian Stochastic (bLS) dispersion model was used to calculate 

CH4 and NH3 emissions. An open-path mid-infrared Fourier Transform Infrared spectrometer constructed by the 

University of Wollongong measured CH4, and NH3. Two open-path (OP) CH4 lasers and 2 OP NH3 lasers 

measured CH4 and NH3. Full details of the methodology for emissions measurements can be found in Chen et al 

(2009).  

Emissions of NH3 can be equivalent to or exceed emissions of CH4, in contrast to estimates based on the 

National Inventory Methodology (AGO 2006), where emissions are dominated by CH4.  Based on inventory 

methods an average animal at the Northern Site is predicted to emit 187 g CH4 and 62 g NH3 daily (Muir 2011). 
Measured emissions (Table 1) suggested each animal contributes 132 g CH4 and 123 g NH3. From the Southern 

Site, predicted emissions were 181 g CH4 and 61.2 g NH3 per head daily, whereas measured emissions were 

closer to 110 g CH4 and 178 g NH3. Assuming all volatile NH3 is deposited and re-emitted as N2O (1.25% = 

indirect emissions), NH3 contributes 0.48 kg CO2-e/head/day at the northern site, compared with predictions of 

0.24 kg CO2-e/head/day. At the southern site, indirect emissions of N2O from deposited NH3 contribute 0.69 kg 

CO2-e/head/day, compared with a predicted 0.24 kg CO2-e/head/day. Emissions of CH4 contribute less to total 

CO2-e than predicted, with 2.8 and 2.3 kg CO2-e/head/day from the northern and southern sites respectively. 

 

Table 1. Means and standard errors of per-head emissions (g/head/day) of CH4 and NH3 during seven 

field campaigns. Measurements of CH4 and NH3 were made by both open-path lasers and FTIR 

 
 CH4 NH3 

 Mean SE Mean SE 

Southern Summer 2008 91.0 1.5 102.0 3.1 
Southern Winter  2007 122.8 1.6 305.1 5.0 
Southern Summer 2007 127.8 3.2 153.0 4.3 
Southern Winter  2006 98.9 2.8 151.4 5.6 
Northern  Winter  2007 138.8 3.7 94.0 2.8 

Northern  Summer 2007 127.4 3.0 133.2 2.8 
Northern  Winter  2006 131.5 4.7 143.1 7.6 

 

This study suggests that although feedlots can be considered a point source of CH4, emissions of NH3 

contribute more significantly to emissions from the feedlot system than previously considered. Although further 

measurements are required for complete benchmarking, these results suggest that mitigation strategies for 
feedlots need to target both NH3 and CH4 emissions.  

 
Australian Greenhouse Office (AGO) (2006) ‘Australian Methodology for the Estimation of Greenhouse Sources and Sinks 

2005; Agriculture’. Commonwealth of Australia, Canberra, Australia.  

Chen D., Bai M.,  Denmead O.T., Griffith D.W.T.,  Hill J., Loh Z.M., McGinn S.M., Muir S., Naylor T., Phillips F. and 
Rowell D. (2009) ‘Greenhouse Gas Emissions from Australian Beef Cattle Feedlots.’ (Meat and Livestock Australia, 
North Sydney, Australia).   

Muir S.K. (2011) PhD Thesis ‘Greenhouse Gas Emissions from Australian Beef Feedlots’ Submitted September 2011, Under 
Examination.  
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Within the Information Nucleus Flock program of the Australian Sheep Industry Cooperative Research 

Centre, the reproductive performance of ewes bred in the program is being assessed (van der Werf et al. 2010).  

This assessment includes the onset of puberty in crossbred ewe lambs from a range of maternal breeds and their 

subsequent pregnancy status when joined at 7-9 months of age.  Age and weight at puberty were evaluated in 

crossbred ewe lambs at 2 sites (Cowra and Trangie) over 4 years.  The relationship between raddle marks, 

joining weight and condition score with pregnancy rate was evaluated. Ewe lambs were progeny from Merino 

dams by the following maternal sire breeds: Border Leicester (BL), Coopworth (CP), Corriedale (CO), South 

African Meat Merino (SAMM), Dohne (D), Bond (B) and Booroola Leicester (BRL).  Of the progeny 47% had 
common sires at both sites.  Ewe lamb progeny were 2007-2010 drop and 2008-2010 drop for Cowra and 

Trangie sites respectively.  Puberty onset from post weaning to joining was determined using teaser wethers, 

fitted with harnesses. Heavy raddle marks were taken as evidence of puberty.  Raddle marks and live weights 

were recorded weekly and condition score recorded at joining.  Ewes were joined for 5 weeks to terminal breed 

sires and ultrasound scanned post-joining to determine pregnancy status. 

Puberty and pregnancy data were analysed using ASReml (Gilmour et al. 2009) fitting generalised linear 

mixed models.  A logit link function and binomial error distribution was used on the pregnancy data and sire was 

fitted as a random effect.  Sire breed was condensed into 4 groups for analysis: 1 = BL; 2 = CP,CO; 3 = SAMM, 

D; 4 = B, BRL.  Ewe cohort (site x birth year effect) had a significant influence (P < 0.001) on age and weight of 

puberty (Table 1).  Ewe breed and type of birth and rearing, as defined by Fogarty et al. (2007), affected weight 

at puberty (P < 0.02).  No relationship was found between either raddle marks or condition score with pregnancy 
rate.  Pregnancy rate was significantly influenced by joining weight (P < 0.001; 0.07 ± 0.03/kg) and ewe cohort 

(P < 0.01), while age at joining was confounded with ewe cohort. 

 

Table 1.  Number of ewes, percentage raddled (Rdl) and scanned in lamb (Scan), mean joining age (Jage) 

and weight (Jwt)( ±s.d.) and predicted means (±s.e.) for age (AOP) and weight of puberty (WOP) and 

pregnancy status (Preg) (proportion scale) for ewe cohorts  

 
Cohort Ewes Rdl (%) Scan (%) Jage (days) Jwt (kg) AOP (days) WOP (kg) Preg 

Trangie         
2008 43 49 30.2 231 ± 1.7 49.1 ± 5.6 190.6 ± 4.4 42.9 ± 1.7 0.29 ± 0.07 
2009 56 20 28.6 231 ± 2.0 45.8 ± 5.7 196.8 ± 5.3 45.1 ± 1.9 0.31 ± 0.07 

2010 56 21 58.9 269 ± 2.0 52.9 ± 6.1 242.7 ± 4.9 53.6 ± 1.8 0.52 ± 0.09 
Cowra         

2007 35 83 48.6 212 ± 2.0 47.4 ± 4.5 204.1 ± 4.1 46.1 ± 1.6 0.47 ± 0.10 
2008 33 70 24.2 201 ± 1.9 49.6 ± 5.3 155.1 ± 4.1 43.8 ± 1.6 0.20 ± 0.07 
2009 62 77 19.4 206 ± 1.9 42.5 ± 6.0 173.9 ± 2.8 39.8 ± 1.1 0.23 ± 0.06 
2010 70 70 61.4 230 ± 2.0 48.1 ± 5.6 197.6 ± 3.1 44.6 ± 1.2 0.59 ± 0.07 

Overall 355 54 40 226 ± 1.9 47.9 ± 5.5 194.4 ± 2.0 45.1 ± 0.8 0.36 ± 0.03 

 
Fogarty et al. (2007) reported a similar variation in age and weight of puberty in ewe lambs, although the 

ewes in this study displayed oestrus activity on average 53 days earlier.  The variable conception rates achieved 

are not dissimilar to other studies (Fogarty et. al. 2007) with significant ewe cohort interactions. Other studies 

using laparoscopy to differentiate between oestrus activity and ovulation have found that ewe lambs often 

display oestrus without ovulation and vice versa (Chu and Edey, 1978).  In conclusion the raddle marks 

indicated pre-puberty oestrus activity rather than ovulation (puberty).  Further research on the contributing 

factors affecting a co-ordinated oestrus and ovulation in ewe lambs is warranted to improve early reproduction. 

 
Chu T.T. and Edey T.N. (1978). Proc. Aust. Soc. Anim. Prod. 12, 251. 
Fogarty N.M., Ingham V.M., Gilmour A.R., Afolayan R.A., Cummins L.J., Hocking Edwards J.E. and Gaunt G.M. (2007). 

Aust. J. Agric. Res. 58, 928. 
Gilmour A.R., Gogel B.J., Cullis B.R. and Thompson R. (2009). “ASReml User Guide release 3.0”. (VSN International Ltd: 

Hemel Hempstead, UK). 
van der Werf J.H.J., Kinghorn B.P. and Banks R.G. (2010). Anim. Prod. Sci. 50, 998. 
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This is a report of the recent unexpectedly high reproductive performance of a small flock of van Rooy-

Dorper ewes. In 2011 27 ewes raised 74 lambs (274%). In the 4 years immediately prior to the introduction of 

van Rooy-Dorper ewes in 2009, between 72 and 180% lambs were raised annually.  

In late 1997 I began to establish a flock of commercial Dorper sheep on 30 ha in the eastern wheatbelt of 

W.A. I wanted to measure sheep performance on a native perennial grass-based pasture. Dorpers are a fleece-
shedding meat breed first imported from South Africa, as embryos, in 1996. I chose the Dorper breed (not White 

Dorpers) for their ease of management and also because they were claimed to be productive in arid conditions. In 

this area rainfall is low, averaging around 310 mm per year which falls predominantly in winter.  Summers are 

hot and dry. 

My aim was not to strive for high production but rather to see what production was achievable when inputs 

are low but welfare of the sheep and the land (especially soil cover) are both given a high priority. The sheep run 

in one mob, rotationally grazed over 5 paddocks of unfertilised, unsprayed, mixed pastures  (native perennial 

grasses, annual grasses, various annual legumes and various weeds), with some bluebush, (Maireana brevifolia). 

There have never been more than 95 animals including one ram. Lambs are not weaned or docked nor ram lambs 

castrated, but lambs are given 2 doses, 1 month apart, of 3 in 1 vaccine. Anthelmintics are not used.  

Supplementary feed - cereal hay and lupins or sheep pellets (EasyOne Cubes, Milne Feeds) - is provided to 
maintain the average growth rate of the lambs at more than 100g/day. In some very dry years supplementation 

has occurred for up to 6 months in the year but it has always constituted the lesser component of the diet.  

The original females – ewe lambs -were a mixture of mostly F1 Dorper-Merino, plus  pure Poll Dorsets and 

2 Dorper-Wiltshire Horns. They were purchased from 6 farms. The 9 rams (8 Dorpers, 1 van Rooy) used to date 

have come from 8 different breeders. In September 2006 I introduced a 2005-drop van Rooy ram, hoping to 

produce a taller, hardier sheep with improved fleece shedding characteristics.  The van Rooy breed is a white 

fleece-shedding meat sheep, first imported from South Africa, as embryos, in 1998. Since the van Rooy ram left 

there have been 2 Dorper rams.                       

Prior to 2009 the flock produced, for sale or retention, (not a marking percentage), up to 180% lambs each 

year from ewes which I define as any female 40 kg or heavier. Long-term, the average lambs-raised was 

probably near 100%. The first lambs by the van Rooy were born in 2007. In 2009, 2010 and 2011 all ewes were 

by the van Rooy and their lambs by a Dorper ram.  In 2009 the proportion of lambs-raised jumped to 167%. In 
2010 this proportion dropped back to 128%, but in 2011 it leapt to 274%. See Table 1.  

 

Table 1 Ewe numbers and lambs raised, 2005-2011 

  

Year Ewes* at beginning of the 

year 

Lambs surviving to sale or 

retention (number) 

Lambs raised (%) 

2005 37 36 97 
2006 30 54 180 
2007 50 36 72 

2008 40 42 105 
2009 30 50 167 
2010 29 37 128 
2011 27 74 274 

*Defined as female ≥ 40 kg    

 

The high reproductive performance has come from a combination of multiple births (including 5 sets of 

triplets in 2011), some ewes lambing twice within 12 months, very good mothering and high survival of lambs at 

birth and afterwards. Early puberty also has contributed to flock productivity, as approximately one quarter give 

birth for the first time before they are fifteen months old. 
Before the van Rooy infusion reproductive performance in this flock was satisfactory, as expected, but 

recently it has been exceptional. The recent performance appears to be due to enhanced hybrid vigour.  

 

Email: thebutlers@wn.com.au 
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Development of replacement females in a beef herd is a significant cost.  Females which successfully re-

breed each year in a tight joining period and remain in the herd offer advantages in both reduced heifer 
development costs and higher calf weaning weights from mature females. 

Angus heifers (150), divergently selected on mid parent Rib Fat Estimated Breeding Values (EBV’s), were 

mated to below average birthweight Angus bulls for a 9 week joining period in 2007 at Struan Research Centre.  

An additional 88 Angus heifers, selected using the same criteria, were mated in 2008.  After joining, heifers were 

randomly allocated to one of two nutritional treatments, high and low, where they remained for 3 subsequent 

consecutive joinings.  Pregnancy was defined as the observation of a fetus as determined by rectal ultrasound by 

a veterinarian approximately 6 weeks after the end of joining.  Pregnancies were allocated to a time of 

conception in the joining period (early, mid, late) based on fetal age at scanning. Early and mid pregnancies were 

assumed to have been conceived in the first 6 weeks of joining.  

The number of cows remaining in the herd was calculated in each year on the basis that females would be 

culled for infertility the first time they were diagnosed non pregnant after a 6 week or 9 week joining period. A 

Wilcoxon rank sum test was used to assess the effects of genotype and nutrition on herd number changes and a 
Cox proportional hazards model was used to predict the proportions of cows that would be expected in the herd 

over a 10 year period (Genstat version 14).   

The percentage of cows that remained in the Struan herd after culling due to infertility was consistently 

higher for high rib fat EBV cows than for low rib fat EBV cows (Figure 1). There was a significant difference 

between the high and low rib fat groups after a 9 week joining period (P=0.052) but not after a 6 week joining 

period (P=0.207).  There was no significant effect of nutrition. There was a significant linear effect of year in the 

Cox models for both 9 and 6 week joining periods (P=0.001 and P=0.004, respectively).  The models predict 

58% of high rib fat EBV cows will remain in the herd after ten 9-week joinings and 45% of low rib fat EBV 

cows, while approximately 20% of both genotypes remain when 6-week joining is used (Figure 2).  
 

  
Figure 1. Actual proportion of cows remaining in the 

herd for each fat line and joining period 
Figure 2. Predicted proportion of cows remaining in the 

herd over 10 years for each fat line and joining period 
 

Hebart et al. (2012) reported that high rib fat EBV heifers had a higher conception rate than low rib fat EBV 

heifers.  The results here show that over 3 subsequent 9 week joinings, more high rib fat EBV Angus cows 

remained in the herd if under a regimen of culling for infertility each year.  Current industry recommendations in 
southern Australia are to join beef heifers for 6 weeks and cows for 9 weeks.  The predicted longevity results are 

inconsistent with an emerging practice of using a 6 week joining period for both heifers and cows as this may not 

be sufficient to generate the replacements necessary to maintain a herd. Further analysis, using larger data sets, 

are necessary to investigate the magnitude of relationships between genetic fatness and longevity under variable 

nutrition, particularly with a short joining.    

 
Hebart, M.L., Accioly J., Copping K., Deland M., Edwards N., Jones F., Laurence M., Lee S., Speijers J., and Pitchford W.S.  

(2012).  This proceedings 
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Lamb survival is a critical issue within sheep flocks (Alexander 1986). Therefore, understanding grazing 

pregnant ewe behaviour before, during and after lambing could help reduce lamb losses. Devices such as global 

positioning systems (GPS) have the potential to remotely monitor behavioural indicators that could be used to 

identify the onset of lambing. Such indicators could then be used to help improve lamb survival. Taylor et al. 

(2011) reported how GPS tracking devices helped in understanding grazing pregnant Merino ewes use of shelter 

at lambing. An alternative behavioural indicator that could be used is the animal’s home range as its size, 

location and shape may change depending on the physiological state of the individual and environmental 

conditions. Many of the statistical methodologies to estimate home range have their origin within wildlife and 

endangered species research. It is unknown if these statistical methods would be suitable to identify changes in 
ewe behaviour within small paddock sizes. 

GPS locations from 5 single bearing Merino ewes with known lambing dates (Taylor et al 2011) were used 

to determine if lambing influenced home range size. Paddock size was 20ha. To calculate home range, a 90% 

minimum convex polygon (MCP, Mohr 1947) was used for each ewe 7d before, at lambing, and 3 and 7d after 

lambing. 

There was a significant (P=0.02) reduction in mean 90% MCP size at lambing, while it increased after 

lambing. Home range varied considerably between individual ewes before and after lambing but was less 

variable at lambing (Table 1). 

 

Table 1. Mean (± se) and individual 90% MCP home range (ha) for grazing pregnant Merino ewes 7d 

before lambing, at lambing, and 3 and 7d after lambing 

 
 
 

Period 

 
Mean (± se) 90% 

MCP area (ha) 

Individual ewe 90% MCP area (ha) 
Ewe number 

 1 2 3 4 5 

 
7d before lambing 
 
Lambing 
 
3d after lambing 
 

7d after lambing 
 

 
7.7 (± 1.63) 
 
3.5 (± 0.72) 
 
6.9 (± 1.60) 
 

9.9 (± 0.74) 

 
 7.1 4.4 10.8 4.1 12.1 
 
 5.3 3.1 1.6 5.0 2.4 
 
 5.5 2.3 6.5 11.8 4.1 
 

 8.6 8.4 9.5 12.3 10.8 

 
Grazing pregnant Merino ewe home range size is reduced at lambing. Therefore, size of home range could 

possibly be used by the producer to identify the onset of lambing and implement strategies to potentially reduce 
lambing losses. A major limitation to this research was that only 5 ewes were fitted with GPS collars. Therefore, 

this could limit the usefulness of home range as a metric to identifying lambing. The MCP technique is subject to 

bias, and further analysis should utilise methodologies that reduce bias in estimating ewe home range. Therefore, 

estimations of home range using other methods is warranted to further test the validity of this concept to 

determine its suitability as an identifier of changes in ewe behaviour because of lambing. 

 
Alexander G. (1986) In “Factors affecting the survival of newborn lambs”, (Eds G Alexander, JD Barker, J Slee) p. 99 

(Commission of European Communities: Luxembourg). 
Mohr C.O. (1947) The American Midland Naturalist 37, 223. 
Taylor D.B., Schneider D.A., Brown W.Y., Price I.R., Trotter M.G., Lamb D.W. and Hinch G.N. (2011) Animal Production 

Science 51, 724. 
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The productivity of extensively managed beef cattle is generally thought to be at their lowest at younger 

ages. Heifers typically experience higher calf losses between confirmed pregnancy and weaning than mature 

breeders. First-lactation cows typically have prolonged periods of postpartum anoestrous due to the combined 

nutritional requirements for both lactation and growth.  

This study utilised two existing datasets from MLA funded projects AHW.091 and NBP.344. The collated 

dataset contained ten management groups of heifers that were monitored for three reproductive cycles from their 

first (maiden) mating on five commercial breeding properties (2 north-west Downs and Gulf region of 

Queensland, 1 Barkly Tablelands, 1 Sturt Plateau and 1 Victoria River regions of the Northern Territory). The 

average size of the maiden heifer management group was 440 heifers (range 197-726). Most heifer groups were 
approximately 2 years of age at their first mating. Heifer groups were mustered twice a year, usually during 

April-June and August-October. Lactation status was assessed at each muster to estimate if a calf had been 

reared.  Fetal ages were recorded by rectal palpation at the second muster each year.  Heifer management groups 

were all initially mated to bulls from a defined period (typically 1st January) and then subsequently were 

continuously mated. The start of a heifer’s reproductive life was classified as either Early, Optimal or Late on 

the basis of the time they became pregnant for the first time. The Optimal period was defined as becoming 

pregnant within 3 months after being deliberately exposed to selected bulls. Heifers that became pregnant prior 

to planned mating because of lack of bull control, typical of extensively managed herds in north-west Australia, 

were categorised as Early and heifers becoming pregnant greater than 3 months after deliberate mating Late.  

The effect of timing of first pregnancy on the cumulative number of calves reared during the 3 year period 

after first mating was analysed using a Poisson analysis with Optimal as the reference level and management 
group treated as a random effect (Table 1). The model was offset for the number of years a heifer was retained in 

the herd and incidence rate ratios reported (IRR). Heifers left the herd mainly due to culling for management 

purposes (usually failure to become pregnant or rear a calf), death, or straying into adjacent paddocks. 

 

Table 1. The timing of first pregnancy relative to planned start of first mating and the total number of 

calves reared by maiden heifers mated 

 

Timing of first pregnancy 
(n= maiden heifers) 

Total number of calves reared 

IRR   0 1 2 3 4 95% CI P value 

Early (n=1,278) 132 304 525 292 25 1.55 1.45-1.65 <0.001 

Optimal (n=1,882) 311 783 788 0 0 Reference 
 Late (n=1,217) 401 440 376 0 0 0.88 0.82-0.95 0.001 

Total (n=4,377) 844 1527 1689 292 25       

 

The timing of a heifer’s first pregnancy affected the number of calves reared and the time retained in the 

herd. Heifers that became pregnant Early reared more calves (60.7% calves per potential year in the herd) than 

heifers that became pregnant during the Optimal time (41.8% calves per potential year in the herd), which reared 

more calves than those that became pregnant Late (32.6% calves per potential year in the herd). Maiden heifers 

that conceived during the Optimal time were retained in the herd longer than other categories. Of the heifers that 
first became pregnant Early, 63.1% were present in the herd 3 years after joining versus, 73.5% of the heifers 

that became pregnant during the Optimal period and 59.2% of heifers that first became pregnant Late. Possible 

explanations for the differences in the time heifers spent in the herd are pregnancies that occur Early usually 

result in heifers calving during unfavourable times of the year and increasing their risk of mortality, while heifers 

that conceive Late are typically culled from the herd for sub-fertility within 2 years of joining.   

This study indicates that heifers that become pregnant during the Optimal time are likely to be able to 

contribute more calves in their lifetime. However, if managed accordingly, greater productivity could be derived 

by yearling mating (Fordyce, 1996).  

 
Fordyce G (1996). Proc. Aust. Assoc. Cattle Vets. 79. 
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Seasonality of reproduction can limit productivity in goats. Recent evidence suggests that the stimulatory 

effects of short-term supplementation are mediated directly at an ovarian level. Glucose, fatty acids and several 

metabolic hormones have all been shown to affect the growth and function of ovarian follicles (Scaramuzzi et al 
2011). This study aimed to evaluate the reproductive response of seasonally anoestrus rangeland goats that were 

either hormonally treated and/or short-term supplemented with maize to determine which treatment combination 

was the most effective for inducing oestrus and ovulation, and enhancing ovulation rate. 

The experiment was carried out at James Cook University (19°19'48" S; 146°46'12" E), using 28 female 

Australian rangeland goats. All does were nulliparous and non-pregnant. Does were allocated into four groups of 

seven animals each. Group 1: Non-synchronization+Non-maize diet, Group 2: Non-synchronization+Maize diet, 

Group 3: Synchronization+Non-maize diet, and Group 4: Synchronization+Maize diet. Does in Groups 3 and 4 

were treated for 9 days with an intravaginal progesterone releasing device (CIDR). Two days prior to the device 

removal (Day 7), does were injected intramuscularly with 250 IU equine chorionic gonadotropin. All goats were 

fed daily with 820 g of lucerne pellets and 150 g of lucerne hay, a combination that satisfied nutritional 

requirements for maintenance (6.6 MJ ME/day) for a goat of 40 kg live weight. In addition, Groups 2 and 4 were 
supplemented with 220 g of cracked maize per day, providing a total of 1.5 times the requirements for 

maintenance (10.5 MJ ME/day). The supplementation started on the day of insertion of the CIDR devices (Day 

0) and continued until Day 9. During the experimental period, goats were kept in metabolic pens to control feed 

intake. Does were tested for behavioural signs of oestrus with a buck twice a day (9 am and 5 pm), starting from 

16 h after CIDR removal. Ovulation was detected using transrectal ultrasonography every third day for 24 days, 

after CIDR removal. Ovulation was recorded when a corpus luteum (CL) was visualised in the ovary with the aid 

of ultrasonography. The total number of CL observed in the ovaries of each doe was recorded as the ovulation 

rate for each doe. 

Oestrus was detected in every doe that was subjected to the synchronization treatment, but in none that were 

not synchronized, within 24 days after CIDR removal (P<0.05; Table 1). Comparing the Synchronization+Non-

maize and the Synchronization+Maize groups, the differences in number of ovulations and ovulation rate were 

not significant (P>0.05). Only one Non-synchronized doe showed a single ovulation, but was not detected in 
oestrus. Supplementation with maize did not decrease the interval to first ovulation.  

 
Table 1. Percentage of does in oestrus, mean (±SEM) interval to onset of oestrus and ovulation rate of rangeland goats 

treated with a combination of either synchronization of oestrus and /or maize supplementation 

 

 
Variable 

Treatments 

Non-synch + 
Non-maize 

Non-synch + 
Maize 

Synch + 
Non-maize 

Synch + 
Maize 

Oestrous detection rate (%) 0.0b 0.0b 100.0a 100.0a 
Interval to oestrus (h) - - 22.9 ± 3.2a 22.9 ± 3.2a 

Total number of ovulations (n) 0b 1b 16a 24a 
Ovulation rate/doe 0b 0.1b 2.3 ± 0.3a 3.4 ± 0.6a 

Values with different letters in the same row are significantly different (P<0.05). 

 
The findings of this study show that hormonal treatment was a highly effective method of inducing oestrus 

and ovulation in seasonally anoestrus goats. Nutritional supplementation in combination with hormonal 

treatment did not significantly increase the ovarian responses to treatment. Hormonal synchronization is 

therefore a powerful strategy to induce oestrus behavior and ovulation in goats during the non-breeding season. 

Numerical differences in ovulation rates suggest that energy supplementation in combination with the 

synchronization of oestrus requires further investigation as a mechanism of potentially increasing ovulation rate 

in seasonally anoestrus rangeland goats, with larger groups of animals. 

 
Scaramuzzi, R.J., Baird, D.T., Campbell, B.K., Driancourt, M.A., Dupont, J., Fortune, J.E., Gilchrist, R.B., Martin, G.B., 
McNatty, K.P., McNeilly, A.S., Monget, P., Monniaux, D., Viñoles, C. and Webb, R. (2011). Reprod. Fertil. Dev. 23: 444. 
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The biological efficiency of sheep meat production can be improved by increasing the number of lambs 

produced per ewe per year (Fogarty 1997). Accelerated lambing systems have been proposed as a way of 

increasing reproductive efficiency in highly fecund breeds (Morel et al. 2004) however the cost of hormone 

treatment to overcome anoestrus in seasonal sheep breeds may be prohibitive (deNicolo et al. 2008). Merino 

ewes, although on average only moderately fecund (Kleemann et al 2005), may be suited to accelerated lambing 
systems due to their extended breeding season but there is limited data on their performance under grazing 

conditions. 

A modification of the STAR lambing system, described by Lewis et al (1996), was run at Turretfield 

Research Centre from 2008 to 2011. Merino ewes were naturally mated to South African Meat Merino (SAMM) 

rams for 5 weeks, lambs were weaned at 7-12 weeks of age, and ewes re-mated 2 weeks post weaning. A mating 

occurred every 4 months and each ewe had the opportunity to lamb up to three times in two years. Dry ewes 

were identified by ultrasound pregnancy diagnosis 6 weeks post mating and re-mated at the next opportunity.  

Group 1 were 21 month old maiden ewes. Thereafter each group consisted of mixed age ewes that were 

either maiden, dry from a mating 4 months prior, or ewes that conceived at a mating 8 months prior. Ewes were 

culled if dry for two consecutive matings. Raw data for pregnancy rate, litter size and number of foetus’s per ewe 

mated are presented in Table 1.  Raw data was analysed using PASW_SPSS statistical software (IBM 2009).  
Number of foetuses per ewe mated was adjusted for month of mating, mate group, ewe year of birth, maiden or 

mature, and previous mating performance as fixed factors with pre-mating weight and its quadratic term as 

covariates.  Backwards stepwise elimination was based on three way interactions at P<0.01. Mating in March 

and July resulted in more foetuses per ewe mated than in November (1.35 (±0.05) and 1.29 (±0.05) vs 1.06 

(±0.04) respectively). 

 

Table 1. Pregnancy rate, litter size and number of foetus’s per ewe mated from mixed age Merino ewes in 

an accelerated lambing system (raw data) 

 

Group Month Mated 
No. 

Ewes Mated 
Pregnancy Rate 

(%)1 
Litter 
Size2 

Foetus’s Per Ewe 
Mated 

1 Mar-08 118 94 1.19 1.12 

2 Jul-08 119 83 1.74 1.45 

3 Nov-08 129 71 1.52 1.09 

4 Mar-09 68 85 1.55 1.32 

5 Jul-09 74 64 1.57 1.00 

6 Nov-09 182 80 1.43 1.15 

7 Mar-10 51 92 1.60 1.47 

8 Jul-10            No mating 

9 Nov-10 79 71 1.55 1.10 

10 Mar-11 91 89 1.48 1.32 

11 Jul-11 67 84 1.68 1.40 

Total/Average  978 81 1.50 1.22 
1 per ewe mated    2 per ewe pregnant 

 This data shows good pregnancy rates and litter size for Merino ewes mated within a split flock accelerated 

lambing system irrespective of the time of mating; 1.22 foetuses per ewe mated per mating equates to 1.83 

annually. This is higher than the average for South Australian commercial Merino ewes of 1.15 foetuses per ewe 

mated per annum as reported by Kleemann et al (2005). Management systems need to be developed to cost 

effectively deliver the nutritional needs of ewes lambing, and lambs born, at non-traditional times of the year. 

 
deNicolo G., Morris S.T., Kenyon P.R., Kemp P.D. and Morel P.C.H. (2008). N.Z. Jnl. Ag. Res. 51:4, 397 
Fogarty N.M. (1997). LAMB – Maternal Newsletter No. 1.  
Kleemann D.O. and Walker S.K. (2005) Theriogenology 63, 2075 
Lewis R.M., Notter D.R., Hogue D.E. and Magee B.H. (1996). Jnl. Anim. Sci. 74, 1511. 

Morel P.C.H., Kenyon P.R. and Morris S.T. (2004). Proc. NZ. Soc. Anim. Prod. 64, 179. 
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Darwish and Ashmawy (2001) suggested lambs from a longer and more difficult parturition were less 

vigorous and had a higher mortality. Haughey (1973) proposed central nervous system injuries at birth impacted 

on a lambs’ ability to bond with the ewe and reduced motility. Using the method of necropsy proposed by Holst 

(2004), scores recorded for meningeal and CNS vascular abnormality (lesions) were hypothesised to be 

correlated with lamb vigour scores that are assessed when tagging lambs soon after birth. 

Necropsy data from mixed breed lambs (including Merino, maternal-sire first cross and terminal-sire first and 

second cross) was collected throughout 2008-2010 at the Trangie Agricultural Research Centre and at the Cowra 

Agricultural Research and Advisory Station. The lambs were born as part of the Sheep CRC Information 

Nucleus Flock (INF; Brien et al. 2010). Newborn lambs were recorded with their dams within 18h of birth and 

were assessed for vigour using a 1-5 score range, where 1-score lambs constantly struggled and 5-score lambs 

had little movement when held and were still upon release (Brien et al. 2010). An estimate of age of the lamb 

was also made at tagging: where lambs were tagged within 1-4h of birth, or were more than 4 h to 18 h. Some 
lambs (n=20) were tagged immediately after birth and were excluded from the analysis. Necropsies were carried 

out within 24 h after death for lambs dying within 5 days after birth. Central nervous system lesions were scored 

at the meninges and surface of the cerebral cortex (Cranial) and at the spinal cord from the C1-C4 vertebrae 

(CNS). Lesions were scored from 1-5 based on an increasing degree of haemorrhaging, blood clotting and 

congestion. Dead lambs with full records (n = 292) were included in the analysis. Kendall’s non-parametric rank 

correlation coefficients (Siegel 1956) were estimated for each of these pairs of traits (vigour vs cranial and 

vigour vs CNS) within age at tagging and birth type groups. Confidence intervals were estimated via 5000 

bootstrapped randomly selected lambs. All statistical analyses were performed using the statistical program R (R 

Development Core Team, 2010). No correlations were significant at P = 0.05 between lamb vigour with Cranial 

or CNS lesions. Table 1 reports only the moderate-strength correlations and not the low correlated traits. 
 

Table 1. Correlation (tau) between lamb vigour with the necropsy site (cranial or CNS), including 

estimates for age at tagging and birth type. Included also are number of lambs (N), approximate p-value 

for significance of Kendall’s tau and 95% confidence interval for Kendall’s tau 

 

Trait Age at tagging Birth type N tau p-value 95% CI 

CNS 1-4 h Multiple 42 0.25 0.067 (0.00, 0.49) 
CNS >4 h – 18 h Single 14 -0.29 0.218 (-0.72, 0.19) 

Cranial 1-4 h Multiple 42 0.24 0.073 (-0.03, 0.49) 

Cranial >4 h – 18 h Single 14 -0.38 0.113 (-0.68, 0.02) 
 

Nowak and Poindron (2006) suggested that strategies aimed at minimising lamb mortality should maximise 
lamb vigour, and Everett-Hincks et al. (2007) concluded that lamb behaviour at tagging was a better explanation 

of the variation in lamb survival than maternal behaviour. However, our results fail to show that vigour of the 

lamb at tagging has potential to indicate the severity of lesions scores in lambs that subsequently die. Lambs 

with severe lesion scores were indeterminable from other lambs at tagging when these vigour scores are used at 

time periods of >4-18 h after birth. Dead lambs from multiple-lamb litters tended to have a positive correlation 

with both cranial and CNS sites, when the lamb is assessed within 1-4 h of birth. Analysis of the complete INF 

dataset may improve the strength of this correlation towards significance and this should be pursued. 
 

Brien F.D., Hebart, M.L., Smith, D. H., Hocking Edwards, J.E., Greeff,  J.D., Hart, K.W., Refshauge, G., Bird-Gardiner, 
T.L.,Gaunt, G., Behrendt, R., Robertson, M.W., Hinch, G.N., Geenty, K.G., van der Werf, J.H.J. (2010). Anim. Prod. Sci. 50, 
1017. 
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Holst P.J. (2004). “Lamb autopsy. Notes on a procedure for determining cause of death”. (NSW Agriculture and The Sheep CRC). 

Nowak R. and Poindron P. (2006). Reprod. Nut. & Dev. 46, 431. 
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Joining ewes as lambs at 7-8 months of age is becoming more common in both New Zealand and Australia 

but the resulting reproductive performance can be variable and often low (Kenyon et al 2004). While joining 

weight and genotype are major factors affecting fertility (Drymundsson 1981), in those ewes conceiving, losses 

of pregnancies caused by Campylobacter can be significant in both countries (West 2002; Farquharson 2003; 

West et al 2004).  In 2008 a specialist lamb producer in the central tablelands of N.S.W. observed an apparent 

loss of pregnancies between scanning and lambing in his Coopworth ewe lamb flock. This paper presents the 

variation in fertility, fecundity and foetal survival observed across 6 years of joining and the impact of 

vaccinating against Campylobacter. 

Data on the number of ewes joined, number of ewes pregnant and litter size at scanning 6 weeks after the end 

of joining, and the number of lambs marked were available. In addition, at the 2010 joining, the ewe lambs were 
randomly allocated into 2 groups. One group was treated with 2 doses, 6 weeks apart, of a bivalent vaccine 

containing C. fetus and C. jejuni antigens (Ovilis CTM, Intervet) and the other remained untreated. Animals were 

joined for 7 weeks at 7-8 months of age, commencing in February/March. Ewes were scanned 6 weeks after 

rams were removed and those identified as pregnant were scanned again 30-40 days later to identify any ewe that 

had lost its pregnancy. 

In total, 77% of ewes joined were scanned pregnant and they averaged 1.5 foetuses per ewe pregnant (Table 

1). Thirty seven percent of foetuses were lost, resulting in 73 lambs marked per 100 ewes joined. There was 

significant differences across years (P<0.001) in fertility, fecundity, foetal survival and marking percentage. 

 

Table 1. Between-year variation in reproductive parameters in ewe lambs joined at 7-8 months of age 

 

Parameter 2005 2006 2007 2008 2009 2010 Total 

Ewes joined 929 695 832 856 780 321 4413 
Fertility 0.52c 0.91a 0.82b 0.81b 0.81b 0.91a 0.77 
Fecundity 1.45cd 1.44cd 1.51bc 1.63ab 1.34d 1.69a 1.50 
Foetal survival 0.79a 0.77 a 0.69 b 0.48 d 0.52 d 0.57 c 0.63 
Lambs marked/ewe joined 0.59c 1.00a 0.86b 0.63c 0.56c 0.88ab 0.73 

 

In the vaccination response trial at the 2010 joining, the ewes averaged 40.5 ± 0.3 and 52.1 ± 0.3 kg at the 

start and end of joining, respectively. Forty three percent of foetuses were lost between scanning and lambing, 

but only 2 ewes lost their pregnancy between the 2 scannings. Both of these ewes had not been vaccinated but 

this was not significantly different to the vaccinated group (2/204 vs. 0/112: X2
1=0.096; P=0.76). Further both 

ewes tested negative for Campylobacter and Toxoplasma serology. 

In conclusion, the study flock achieved high rates of fertility and fecundity measured at scanning; however, 

in some years around 50% of foetuses did not survive to marking. Vaccination against Campylobacter did not 

improve the survival of foetuses to marking or the proportion of ewes losing their pregnancy before lambing 

indicating that this infection was not limiting the reproductive performance of ewes at least in this year.  

 
Drymundsson O.R. (1981). Livestock Prod. Sc. 8:55. 
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Efficient cattle production depends on reproduction and progeny growth (Dickerson 1970). More 

specifically, in a conventional cow-calf operation Melton (1995) estimated that fertility is economically at least 

twice as important as production traits. Since there is a large investment of time and resources associated with 

replacement heifers, getting heifers pregnant and calving at a young age is important for a successful operation 

(Doyle et al 2000). Increasing heifer conception rates will therefore improve the efficiency and profitability of 

the system with fewer excess heifers required to ensure adequate numbers of replacements. 

Data from the heifer mating of the Beef CRC Maternal Productivity project were used to determine the 

relationship between genetic and phenotypic rib fat and their conception rate.  A total of 394 heifers were run at 

1 of 2 locations: SARDI’s Struan Research Centre in South Australia, or DAFWA’s Vasse Research Station in 

Western Australia. At both sites, heifers representing the top and bottom 10% of the Angus breed for mid-parent 

rib fat Estimated Breeding Values (EBV) were purchased from 20 herds in southern Australia. At Vasse 149 
heifers born in 2005 or 2006 were mated while at Struan 245, 2006 or 2007 registered heifers were mated.  

Mating took place over a 9 week period with bulls rotated every 2 to 3 weeks. Immediately prior to mating, 

liveweight, hip height, rib and P8 fat depth were recorded and all heifers were scanned for ovarian activity. 

All data were analysed using a linear mixed model in ASReml (Gilmour et al 2009). Fixed effects included 

in the full models were site, year, age (covariate), line (high or low fat), and all 2 and 3 way interactions. 

Property of origin was fitted as a random term. A second analysis was done for conception rate using the same 

model above and replacing line with pre-mating rib fat as a covariate. The full models were simplified if any of 

the interactions or random effects were not significant (P > 0.05). Due to its binary nature, conception rate was 

analysed using the logit link where the implicit residual variance on the underlying scale is π
2/3.  

 

 
Table 1. Pre-mating weight, fat and 

conception rate for the genetic fat lines 

 

 High fat 

EBV 

Low fat 

EBV 

Sig. 

Age (days)a 475 ± 7 461 ± 7 *** 

Weight (kg) 360 ± 5 363  ± 5 n.s. 

Height (mm) 1221 ± 4 1230 ± 4 ** 

Rib fat (mm) 4.4 ± 0.2 3.5 ± 0.2 *** 

P8 fat (mm) 6.1 ± 0.3 4.7 ± 0.2 *** 

Conc. rate 

(%) 

91.2 ± 3.1 83.0 ± 3.2 * 

*P < 0.05; **P < 0.01; ***P < 0.001;  
afitted as a covariate to other traits 

 

 
 

Figure 1. Conception rate and pre-mating fat depths 

(for the range of values in this data set) 
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Prior to joining, the high fat heifers were significantly older (13 days), shorter (9 cm), and fatter than the low fat 

heifers, that may imply they are an earlier maturing cow that is born earlier in the breeding season (Table 1). 

Furthermore, the high fat heifers had 8.2% higher conception rate than the low fat heifers. Therefore, selecting 

heifers with positive rib fat EBV increases the likelihood of conception at first joining. In addition, ensuring that 

heifers have adequate body reserves prior to mating increases the likelihood of conception occurring (e,g, 6 mm rib 

fat resulted in 95% conception rate; Fig. 1). These heifers have been followed for a further 2.5 years to determine 

the impact of genetically high and low fat cattle on maternal productivity. 

 
Dickerson G.E. (1970). J. Anim. Sc. 30, 849 
Doyle S.P., Golden, B.L., Green R.D. and Brinks J.S. (2000). J. Anim. Sc. 78, 2091  
Gilmour A.R., Gogel B.J., Cullis B.R. and Thompson R. (2009). “ASReml User Guide Release 3.0”  VSN International Ltd,  
Melton B.E. (1995) In. Proc. Beef Improvement Federation, Sheridan WY 40-87  
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Anecdotal reports exist of high livestock losses in southern N.S.W associated with grazing reproducing ewes 

on dual-purpose wheat. A study was conducted to identify causes of high ewe losses in ewes grazing dual-

purpose wheat during late-pregnancy and lambing, and the factors associated with these high ewe losses. 

Forty three sheep producers in the south-eastern Riverina area of N.S.W were surveyed using a semi-
structure interview format regarding their experiences with grazing late-pregnant and lambing ewes on dual-

purpose wheat in a season between 2005 and 2010. Producers were grouped as either “control” (n = 23) if they 

identified that ewe losses were not above normal levels, or “case” (n = 20) if they nominated that ewe deaths 

were higher than normal or a spike in ewe deaths had occurred associated with grazing dual-purpose wheat on 

their farm. Data from control and case groups were compared using a Chi square or Student T-test. 

Mean ewe losses in the case group were significantly higher (P < 0.001) than in the control group (8.6 ± 

5.9% vs. 1.8 ± 1.7%). Estimated losses attributed to metabolic diseases (hypomagnesaemia, hypocalcaemia and 

pregnancy toxaemia) were higher (P=0.03) in the case group than in the control group (3.4% vs. 0.6%); however, 

there was no difference (P > 0.05) between groups in estimated losses associated with lambing difficulties or 

foot abscess. There was a trend (P=0.08) for a higher proportion of producers in the case group identifying 

multiple-bearing ewes as the main category of ewe death compared to the control group (35.0% vs. 13.0%). The 
mean estimated body condition score (BCS) of ewes when entering the crop grazing period was significantly 

lower (P=0.01) in the case group than in the control group (mean 2.81 ± 0.46 vs. 3.20 ± 0.39). There was a trend 

(P=0.09) for more producers in the control group to supply some type of mineral supplement to ewes grazing 

wheat pasture (87.0% control vs. 65.0% case), and the minerals supplied by supplements in terms of calcium 

(Ca), magnesium (Mg) and sodium (Na) are shown in Table 1.  

 
Table 1. Supplementation of ewes before and during crop grazing period. Values represent percentage (%) of 

producers within control or case group supplying the particular mineral  

Mineral contained in 
supplement 

Pre-grazing Grazing SignificanceA 
Control Case Control Case Pre-grazing Grazing 

CaB 69.6 55.0 82.6 60.0 n.s.  P=0.1 
MgB 39.1 35.0 69.6 40.0 n.s. P=0.05 

NaB 56.5 50.0 87.0 60.0 n.s. P=0.05 
A Significance level compares control and case groups in the specified grazing period; P < 0.05 significant; P<0.1, trend; 
n.s., not significant. B Mineral supplement including this mineral was supplied to ewes during the specified grazing period 
 

The results indicate that metabolic diseases were likely a key cause of ewe deaths where abnormally high 

ewe mortalities have occurred on dual-purpose wheat. Ca and Mg concentrations in wheat forage may be below 

the requirements of reproducing ewes (McGrath et al 2011), and deficiencies in these minerals may cause 

metabolic diseases (Freer et al 2007), which may explain the high ewe mortality rates reported in case flocks. 

The results suggest that supplying a mineral supplement that includes Mg, Na and/or Ca to reproducing ewes 

grazing wheat pasture may assist to prevent high ewe mortalities given that a higher proportion of producers in 

the control group supplemented ewes with these minerals when grazing wheat (Table 1). Supplying roughage 
(hay or straw) to grazing sheep did not appear important in disease prevention given there was no difference (P > 

0.05) in the proportion of producers in control (47.8%) and case (35.0%) groups supplying roughage to ewes. 

The higher mean BCS in control flocks may also have assisted to prevent disease in ewes entering the lambing 

period when grazing wheat forage. 
We thank the Australian Wool Education Trust and NSW Rural Assistance Authority for funding this research. 
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This aim of this study was to evaluate the reproductive performance of crossbred does, which were managed 

to have three mating seasons (MS) in two consecutive years (2006 and 2007), under an agro-ecological system in 

the semi-arid region of Brazil. At each mating season, an average of 57 does were mated to Anglo-Nubian and 
Canindé bucks. During the rainy season (December to June), animals were kept in Caatinga vegetation, while in 

the dry season (July to November) they were maintained in buffel grass pastures and supplemented with 

leucaena hay or wild cassava silage. The agro-ecological production system was designed to minimise external 

inputs, such as supplementary concentrates and forages, and to maximise the utilisation of home-grown forages. 

Animal health management was based on disease prevention and the use of phytotherapy to control internal and 

external parasites. 

The following results were observed: an average kidding interval (period between 2 parturitions) of 8.4 

months, kidding rate (does that delivered kids/exposed does) of 55.4%, prolificacy (kids born/kidding does) of 

1.82, weaning rate (kids weaned/kids born) of 81.8%, and average liveweight production at 240 days of 11.60 

kg/exposed doe (Table 1). 

The three mating seasons and parturitions happened within 25.3 months, which resulted in an average of 1.4 

parturitions/doe.year. There were no differences (P>0.05) among mating seasons for total number of 
parturitions, twinning rate, kidding rate, total kids born, prolificacy, mortality rate of kids, number of weaned 

kids and weaning rate (Table 1). The lack of differences for reproductive parameters between MS may be due to 

the limited number of animals. 

 
Table 1. Reproductive parameters of goats raised in an agro-ecological production system in the semi-arid region of 

north-east Brazil 
 

Parameters MS1 
(Feb/Mar) 

MS2 
(Dec/Jan) 

MS3 
(Sep/Oct) 

Average/Year* 
 

Total exposed does, n 61 59 54 81 
Total parturitions, n 35 27 34 44 
Twins births, n (%) 13 (37.1) 10 (37.0) 6 (17.6) 42.9 
Kidding rate, % 57.3 45.7 62.9 55.4 
Total kids born, n 48 37 40 59 
Prolificacy, n 1.3 1.3 1.1 1.8 

Mortality of kids, % 
0-90 days (weaning) 
91-240 days, % (deaths) 

 
22.9 
5.4 

 
16.2 
12.9 

 
12.5 
5.8 

 
17.2 
8.06 

Weaned kids, n 37 31 35 48 
Weaning rate, % 77.0 83.7 85.5 81.8 
Liveweight of kids at 240 days per 
exposed doe (kg) 

 
9.1 

 
5.8 

 
9.6 

 
11.6 

MS = mating season. *Annual average considering a kidding interval of 8.4 months (1.4 parturitions/year). 

 

The 8.4 months kidding interval of this study is less than the traditional goat production systems in Brazil, 
which, according to Freitas et al (2004), can have kidding intervals of more than 12 months. This reduction in 

kidding interval increases the number of kids born per year; therefore, increasing the profitability of goat 

production systems. 

For goats raised in an agro-ecological production system, a kidding interval of 8.4 months is technically 

viable and has the potential to improve the annual productive performance of goats in the semi-arid region of 

Brazil. 

 
Freitas V.J.F., Rondina D., Nogueira D.M. and Simplício A.A.(2004). Livest. Prod. Sci. 90, 219. 
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The fertility of ewes is often reduced at the first oestrus after the oestrous cycle has been synchronised, due to 

impaired sperm survival and transport (Quinlivan and Robinson 1969).  Any reduction in fertility can be 

alleviated through use of higher semen dose rates in artificial insemination programs, or through the use of a 

higher percentage of rams if naturally mated (Cognie and Mauleon 1983).  Some studies have shown no 

difference in fertility between synchronised and unsynchronised ewes after artificial insemination (Donovan et al 

2004) or when mated to rams (Godfrey et al 1997).  The recommendations for one ram per 5 to 7 (Cognie and 

Mauleon 1983) or 10 ewes (Miller 1991) are well above the 1% rams commonly used at a natural joining. 

However, there is a scarcity of data defining fertility when lower percentages of rams are naturally mated with 

synchronised ewes.  If both fertility and the distribution of conception are adequate with fewer rams, costs could 
be substantially reduced. 

Records were kept for Merino ewes naturally mated in February/March to 4-5% Poll Dorset based rams for 

30 days following a synchronised oestrus between 2006 and 2010.  Oestrus was synchronised using either 

controlled internal release devices containing progesterone (CIDR®; 0.3 g progesterone, EZI-breed® NZ), or 

injections of prostaglandins (Estrumate™, 250 mg/mL cloprostenol, Schering-Plough Animal Health), with 400 

or 500 iu pregnant mare serum gonadatrophin (PMSG) (Pregnecol™, Bioniche Animal Health Pty. Ltd.) injected 

at CIDR removal or the 2nd prostaglandin injection, except in 2009 when PMSG was not given.  Pregnancy rates 

and the distribution of foetal age were determined by trans-abdominal ultrasound approximately 50 days 

following the removal of rams.  Foetal age was not recorded in 2006. 

The percentage of ewes which conceived over the total joining was above 75% in all years (Table 1).  In 

most years less than 50% of pregnant ewes conceived at the synchronised oestrus during the first 2.5 weeks of 

joining (foetal age 9 to 11.5 weeks).  Two distinct peaks in foetal age were apparent in most years (at 
approximately 10 and 8 weeks) with 28 to 50% of pregnant ewes having a foetal age of 9 to 10 weeks.  Raddle 

marks from rams indicated a peak in oestrus in the week after synchronisation, so error in foetal aging explains 

the few ewes with foetal ages around 11 weeks.  In 2009 few conceptions occurred at the synchronised oestrus.  

Whether fertility could have been improved in all years at the synchronised oestrus with more rams cannot be 

ascertained from these observations.  Using 4 to 5% rams conception was adequate over a 30 day joining period.  

However, conception to the synchronised oestrus can be poor and should be considered when planning joining. 

 

Table 1. Percentage of ewes joined which conceived during the first 2.5 weeks and total of joining, and the 

percentage of pregnant ewes with foetuses of different ages (weeks; oldest age indicates earliest 

conception) 

 

 No. 
ewes 

Fell pregnant 
first 2.5 weeks 

(%) 

Pregnant 
total  
(%) 

Pregnant ewes with foetal age (%) 

7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 

2006 409 - 78 - - - - - - - - - - 
2007 398 43 84 2 9 28 10 17 17 13 2 2 - 
2008 414 59 93 2 5 21 9 15 13 21 7 4 3 

2009 435 26 87 4 19 31 17 16 7 5 1 1 - 
2010 203 40 78 4 18 23 4 15 15 19 2 - - 

 
Cognie Y. and Mauleon P. (1983). In “Sheep Production” p. 381. (Butterworths, London). 
Donovan A., Hanrahan J.P., Kummen E., Duffy P. and Boland M.P. (2004). Anim. Reprod. Sci. 84, 359. 
Godfrey R.W., Gray M.L. and Collins J.R. (1997). Anim. Reprod. Sci. 47, 99. 
Miller B.V. (1991) ‘Australian Sheep and Wool Handbook’ (Ed. D.J. Cottle) p. 84. (Inkata Press: Melbourne) 

Quinlivan T.D. and Robinson R.J. (1969). J. Reprod. Fert. 19, 73. 
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Experiments often require the identification of ewes which will lamb during a specified time.  Where the date 

of mating is unknown, foetal age can be estimated (Sergeev et al 1990).  However, the prediction of foetal age 

entails a high degree of error, with Greenwood et al. (2002) reporting a 25% error if an accuracy of +/- 5 days 

was required, where a single measurement of metacarpal bone length was used.  However, gestation in sheep can 

vary by 7 days (Sir and Bartlewski 2010), further contributing to error.  Knowing the precision of foetal age as a 

means of estimating date of lambing would therefore be useful. 

Records were used for 65 to 269 ewes per year (total 913) where oestrous cycles were synchronised and ewes 

were joined to rams for 30 days in 2007 to 2010.  The same experienced commercial contractor used ultrasound 

to diagnose foetal age approximately 50 days after rams were removed.  The date of lambing was recorded 

during daily observations, where day 1 of lambing is 150 days after ram introduction. 
The range in day of lambing for each foetal age was large (Figure 1) with a range between 9 and 29 days.  

For foetal ages between 10.5 and 12 weeks, 86 to 94% of ewes lambed ± 5 days of the date indicated by foetal 

age.  The precision was less between 7.5 and 8 weeks (57 and 76 % within 5 days), and least between 8.5 and 10 

weeks foetal age (23 to 44% within 5 days).   

This data suggests that, at least with this operator, foetal age was not estimated with sufficient accuracy to 

reliably predict lambing date within 5 days, except at older foetal ages, so would be of limited use if a precise 

lambing duration was required.  However, it would be sufficiently accurate to separate early and late lambing 

groups.  It is recommended the accuracy of operators is checked to assess the suitability of the method for the 

intended purpose.     

 

 
 

Figure 1. Boxplots for actual day of lambing (day 1 = 150 days after ram introduction) for different foetal ages 

Boxplots represent median, range and interquartile range, x indicates outliers 

 
Greenwood P.L., Slepetis R.M., McPhee M.J., Bell A.W. (2002). Reprod. Fert.and Develop. 14, 7.  
Sergeev L., Kleeman D.O., Walker S.K., Smith D.H., Grosser T.I., Mann T. and Seamark R.F. (1990). Theriogenology 34, 

593. 
Sir C. and Bartlewski P.M. (2010). Livestock Sci. 131, 119. 
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Epidemiological findings of human (Barker 1995; Gluckman and Hanson 2004) and studies of animals 

(Gardner et al 2007; Sharma et al 2011) have suggested uterine environment as a critical regulator of birth 

weight. Placental morphology is modified to support adequate foetal growth under impaired uterine conditions 

(Vonnahme et al 2006). Real-time ultrasound imaging is a reliable, rapid and non-invasive method to measure 

foetal biparietal diameter, occipito-snout length or placentomal diameter (Kelly and Newnham 1989; de Bulnes 

et al 1998). 

A 2×2 factorial design was developed by transferring the pure-breed single embryos within and reciprocally 

between large (Suffolk: S) and small (Cheviot: C) breeds of sheep, using standard synchronisation, 

superovulatory, embryo recovery and transfer protocols, to test the effects of recipient ewe genotype, lamb 

genotype, and the interaction between recipient ewe genotype and lamb genotype on foetal head width and head 

length, and placentomal size. Thus 4 treatment groups were established: SinS (Suffolk embryos in Suffolk 
dams), SinC (Suffolk embryos in Cheviot dams), CinS (Cheviot embryos in Suffolk dams) and CinC (Cheviot 

embryos in Cheviot dams). During gestation, foetal head width and head length were measured on Day 55, and 

cross-sectional area of placentomes measured on Day 110 using real time ultrasound imaging. 

The overall pregnancy rate of the recipient ewes was 82.5%. There were no (P > 0.1) differences due to 

genotype of donor, genotype of recipient ewe, or age of recipient ewe on number or quality of Day 6 embryos or 

pregnancy rate of recipient ewes. There was no recipient ewe genotype × lamb genotype interaction (P > 0.05) 

for foetal head width, head length, or cross-sectional area of the placentomes. Foetal head length was affected by 

genotype of recipient ewe (P < 0.05), but not by the genotype of lamb (P > 0.05). Foetal head length in SinC 

foetuses (2.84 ± 0.09 cm), was less (P < 0.05) than SinS foetuses (3.16 ± 0.09 cm); however, no difference (P > 

0.05) was observed between CinS and CinC foetuses. Foetal head width did not differ (P > 0.05) between SinC 

and SinS or between CinS and CinC foetuses. There was no difference (P > 0.05) in the cross-sectional area of 
placentomes between SinC and SinS placentas or between CinS and CinC placentas. 

The present study suggested that by Day 55 of gestation, the foetal development of SinC foetuses was 

reduced compared with SinS foetuses. Interestingly, this impairment in foetal growth was established well before 

when the capacity of the uterine environment to meet with the metabolic demands of developing foetus could be 

argued as a constraint for foetal development. No differences in the foetal dimensions between CinS and CinC 

foetuses indicates that the small genotype Cheviot foetuses were either unable to derive benefit from the 

capacious uterine environment of large genotype Suffolk dams or they did not appear to exert any incremental 

demand on the larger genotype Suffolk dams. No differences between the cross-sectional area of placentomes 

indicate that differences in the foetal development could not be explained alone by the area of placentomes.  

 

The authors thank the National Research Centre for Growth and Development, New Zealand, and the New 

Zealand development scholarship for funding this research. 
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Greater lifetime rearing ability of ewes was shown to be significantly correlated with increasing pelvic 

dimensions, using measurements from X-radiography (Kilgour and Haughey 1993) or post-mortem dissection 

(Quinlivan 1971). However these methods are expensive and impractical, nor will external live measurements 

accurately predict pelvic area (Bassett 1955; McSporran and Fielden 1979). This study therefore examined the 

possibility of using ultrasound imaging to measure pelvic dimensions of lambs post-slaughter. Such a technique 

is ultimately directed at early-in-life identification of ewes likely to experience lamb loss due to difficult and 

protracted birth. 

The pelvises of 253 lambs (142-199 days of age) of mixed sex and breed from the Sheep CRC Information 

Nucleus Flock (van der Werf et al. 2010) were collected post-slaughter. Transverse and conjugate diameters of 

the pelvic inlet were measured using callipers or ruler, and with two ultrasound probes. Pelvises were immersed 

in a bucket of water to aid in ultrasound transmission while imaged using a U981-5 forward facing probe and a 

UST-588U-5 linear array probe with an ALOKA SSD-500 ultrasound machine. The product of the conjugate 
and transverse diameters gave the area of the pelvic inlet (Fogarty and Thompson 1974). The U981-5 probe 

provided an image capturing simultaneously the extremities of the transverse and conjugate diameters which 

were measured with the inbuilt calliper facility. To measure the conjugate diameter with the UST-588U-5 the 

probe was held against the sacrum facing downward toward the anterior process of the pubic symphysis. To 

measure the transverse diameter, the UST-588U-5 probe was held laterally against one illial shaft at the pelvic 

inlet and positioned to point horizontally at the opposing shaft. The mean thickness of the linear array probe was 

23.8 ± 4.5 mm (SD), which was added to the diameter measured on the image. Data were analysed using 

ASReml (Gilmour et al. 2009), where the method of measurement was the main effect and the date of 

measurement was the random term. 

Means for conjugate and transverse diameters differed significantly (Table 1; P<0.001). The r
2
 values 

suggested better estimation of the transverse diameter by the U981-5 probe (against calliper), with the reverse for 

estimating the conjugate. There was moderate agreement of both probes with the calliper for calculated area, 

although the narrower transverse measurement obtained with the UST-588U-5 probe was believed to be affected 

by fatness. 

 

Table 1. Mean pelvic dimensions of each method of measurement (± s.e.) and r
2
 for regression of probe 

measurements against calliper. Means with different superscripts within rows differ significantly (P < 0.001).  
 

 

 

 

 

 

Results demonstrate that ultrasound imaging is a promising technique to measure internal pelvic dimensions. 
Further studies on both live animals and post-slaughter pelvises are required to improve techniques, particularly 

for the UST-588U-5 probe, as preferred by the operator for ease of use and image clarity. Such studies should 

include repeated measures using pelvises collected post-slaughter to enhance precision, as well in live animals to 

examine growth patterns to maturity and relationships with lambing ease and lamb mortality. 
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 Calliper/ruler U981-5  UST-588U-5  

  Mean r2 Mean r2 

Conjugate diameter (cm) 5.55 ± 0.04 b 5.68 ± 0.04 c 0.50 5.37 ± 0.04 a 0.60 
Transverse diameter (cm) 4.87 ± 0.04 c 4.78 ± 0.04 b 0.58 4.52 ± 0.04 a 0.41 
Area of pelvic inlet (cm2) 27.2 ± 0.3 b 27.3 ± 0.3 b 0.64 24.5 ± 0.3 a 0.61 
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Decreasing the interval to first lambing, and between subsequent lambings, has been proposed as a way of 

increasing reproductive efficiency. The performance of adult Merino ewes in an accelerated lambing system has 

been reported in these proceedings (Smith et al 2012). In this paper the performance of ewe lambs born, and 

subsequently mated, in that system is reported.  

Between 2008 and 2011, Merino X SAMM ewe lambs born in April, August or December, at Turretfield 

Research Centre, were naturally mated at 7 months of age. Ewe lambs failing to conceive at 7 months were re-

mated at 11 months. Ewe lambs failing to conceive at 11 months, plus those that conceived at 7 months were re-

mated at 15 months. Any lambs failing to conceive after 3 opportunities were culled. Pregnancy and litter size 

was determined by ultrasound 6 weeks after mating.  Raw data for pregnancy rate, litter size and number of 

foetus’s per ewe mated are presented in Table 1.   

 

Table 1. Pregnancy rate, litter size and number of foetus’s per ewe mated from SAMM X Merino ewe 

lambs in an accelerated lambing system (raw data) 

 

Age at 

mating 

No. 

Ewes Mated 

Pre-mate live-weight, 

kg (range) 
Pregnancy rate 

(range)1 

Litter 

Size (range)
2
 

Foetus’s Per Ewe 

Mated (range) 

7 m.o. 358 43.1 (21.0-59.4) 11.2% (0.0-20.8) 1.20 (0.00-1.30) 0.13 (0.00-0.27) 

11 m.o 232 50.3 (36.0-70.2)  38.8% (18.4-52.2) 1.39 (1.30-1.50) 0.54 (0.26-0.78) 

15 m.o 154 62.5 (41.4-81.0)  76.6% (70.7-91.7) 1.49 (1.32-1.82) 1.14 (1.02-1.67) 
1 

per ewe mated
    2 

per ewe pregnant 

The number of foetuses scanned was adjusted (PASW [SPSS statistical software], IBM, 2009) for month of 

mating, mate group, ewe year of birth, ewe age and previous performance as fixed factors with pre-mating 

weight and wt
2
 as covariates.  Backwards stepwise elimination was based on three way interactions at P<0.01.  

Results for number of foetuses per ewe mated (Least squares mean (±SEM) are presented in Fig 1 

 

 
 

Figure 1. Least square means (±SE) for number of foetuses per ewe mated by month of mating, by age 

 

Fewer foetuses were scanned when ewe lambs were mated in July and November compared to March, 

regardless of age at mating. These early results suggest that there are maturity, weight and possibly other effects 

involved in conception in ewe lambs. 

In accelerated lambing flocks the penalty from poor conception at 7 months is minimal. Dry ewe lambs are 

re-mated 4 months later. In flocks mating once a year, where ewe lambs are aged 7 months in November, 

producers may consider delaying mating until later in the breeding season. 

 
Smith D.H., Jaensch K.J., Rutley D.L. and Brien F.D. (2012). Proc of the Australian Society of Animal Production (in press) 

 

Email: darryl.smith@sa.gov.au 
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In a 2006 survey, we found that around 50% of Tablelands flocks had ivermectin resistant worm populations, 

especially in Haemonchus (Eppleston and Watt 2008). It is expected that resistance to the more potent 

macrocyclic lactone (ML), abamectin will develop after ivermectin resistance is detected. Anthelmintic 

combinations that include naphthalophos and closantel (the latter specifically for Haemonchus) are useful 

alternatives but we need to confirm their effectiveness in this region. 

Recent more favourable seasons have seen sheep producers caught by an increased need to monitor, manage 

and control internal parasites. Some outbreaks particularly of Haemonchus have resulted in moderate to major 

mortality. In investigating two of these outbreaks, it was found that the flock owners had used anthelmintics that 

were not effective. A pilot survey was planned to examine the efficacy of 3 of the most important anthelmintics 

prior to conducting a more widespread, randomised survey in the future.  

From December 2011 to February 2012, 11 sheep producers known to have a mob worm egg count of greater 
than 200 epg agreed to co-operate in the survey. Fifteen sheep were drenched with abamectin, 15 with closantel, 

and 15 with a combination of naphthalophos, levamisole and a benzimidazole. Fifteen sheep were run with the 

mob as undrenched controls. Individual faecal samples were collected 10-14 days post-drenching and WEC 

determined. Drenches were classified as effective if they reduced the WEC by at least 95% compared to the 

undrenched control group. 

This pilot survey was both small and non-randomised. Nonetheless, the results (Table 1) suggest that 

abamectin resistance in Haemonchus is a major problem, with this drench being classed as effective in only 2 of 

11 (18%) flocks surveyed. Closantel was efficacious against Haemonchus in 9/11 flocks (82%), suggesting an 

emerging problem of resistance to this chemical. Given the advocacy of combinations as a means of delaying the 

emergence of anthelmintic resistance (Dobson et al 2011), the mix of levamisole, a benzimidazole and 

naphthalophos is a potential alternative to the MLs for broad-spectrum gastro-intestinal nematode control. This 
combination was highly effective against Haemonchus (100% on all properties tested) but was only effective 

against Teladorsagia sp and Trichostrongylus sp in 70% of the flocks tested. It is also of concern that abamectin 

was effective in only 70-80% of flocks against these species. 

 

Table 1. The proportion of flocks with anthelmintic efficacies of at least 95% for three worm species 

 

Worm Drench 

Closantel Abamectin BZ/LEV/Naphthalophos 

 Haemonchus sp 9/11 2/11 11/11 

Teladorsagia sp. NA 7/10 7/10 
 Trichostrongylus spp NA 8/10 7/10 

 

These results indicate that a larger randomised survey is warranted to determine the true prevalence of 

anthelmintic resistance. A new survey might also include the components of combinations rather than the 

combinations themselves. It has been argued that the efficacy of a combination can be calculated from the 

combined efficacy of its components, assuming that they act independently (P Kluver, J Larsen and L Kahn pers 
comm.). Testing the efficacy of the components should enable determination of the effectiveness of a range of 

combinations, the relative contribution of each component and a comparison of current against previous 

performance.  

Pfizer Animal Health provided funds for the laboratory testing of the samples. 

 
Dobson R.J., Hosking B.C., Besier R.B., Love S., Larsen J.W.A., Rolfe P.F. and Bailey J.N. (2011). Aust Vet J. 89, 160. 
Eppleston J. and Watt B (2008). Proc. Aust. Soc. Anim. Prod. 27, 37. 
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 Natural resource management (NRM) groups have been co-funding the removal of cattle from riparian zones 

by installing fences and off-stream watering points. However, there is little published literature on how cattle use 

riparian areas and what the relative benefits of these methods are in reducing the direct impact of cattle on 

riparian areas. The Fitzroy Basin Association (FBA) is interested in understanding how cattle affect water 

quality and ultimately how their impact can be reduced. The time cattle spend in riparian zones may be reduced 

by up to 80% through the provision of off-stream watering points without the use of riparian exclusion fences 

(Bishop-Hurley 2008). Exclusion fencing adds considerable cost to improved grazing management of frontage 
country and is often impractical in areas subject to frequent inundation. Further work is required to explore how 

animals use riparian areas with and without access to off-stream water. 

 CSIRO has developed a cattle monitoring collar as a node of a Wireless Sensor Network (WSN). The 

collars are capable of collecting high sample rate GPS data to accurately locate animals in the landscape and 

through the WSN send this information back in near real-time, allowing researchers to see how the devices are 

performing and where the animals are. Four paddocks from four properties with adjacent riparian areas were 

chosen from the Fitzroy Basin Associations (FBA) list of co-operators. On each property cattle were selected 

from those individuals that would normally access the paddock adjacent to the riparian zone and fitted with GPS 

monitoring collars to collect location data. The location data was used to determine the proportion of time that 

the cattle spent in the riparian zone and their distribution across the paddock. The collared individuals ran with a 

larger group of cattle. The cattle were mustered and the collars were removed from the animals after 2 – 3 weeks 
and the cattle were returned to the paddock. To quantify the preference of animals for any given area (e.g. a 

riparian area) the landscape preference index is calculated. Landscape preference index (LPI) is defined as the 

proportional time spent in the area of interest divided by the proportion of the area of interest compared to whole 

area available. A LPI of one means that the cattle are using the area in proportion to its relative availability, that 

is, they are not selecting for or against the area. A LPI of greater than one indicates that the cattle are 

preferentially selecting the area and a LPI of less than one indicates the cattle are actively avoiding the area.  

Landscape preference indices are presented for the riparian area and the remaining area of the paddock 

(Table 1). The results from the project suggest that while cattle are accessing the riparian zone they are neither 

selecting for or against these areas. However, the extent to which they choose to access riparian areas varies 

between paddocks indicating that there may be specific features of the riparian area that predicate preferential 

selection. Cattle preference for the riparian areas was also found to be dependent on time of day (data not 

presented) and suggests that shade may also be a significant driver in these environments. Further work is 
required to investigate the relative importance of these drivers. 

 

Table 1. Paddock area, riparian area, number of animals collared and landscape preference indices for 

the riparian area and remaining paddock by property 

 

Property Paddock Area 

(ha) 

Riparian Area 

(ha) 

Number 

collared 

Riparian Zone 

LPI 

Paddock LPI 

1 147 13.8 9 1.07 0.51 

2 28 2.4 19 1.01 0.84 

3 295 23.3 5 1.01 0.88 

4 220 9.0 6 1.00 1.02 

 
Bishop-Hurley G.J., Swain D.L., Potin S., Wark T. and Crossman C. (2008). Australian Rangeland Society Conference. 

Charters Towers, QLD, Australia. 
 

Email: greg.bishop-hurley@csiro.au 
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In response to the increasingly variable climate and reduced pasture production in Victoria, feeding high 
levels of supplements as a partial mixed ration (PMR) on a feed pad within a pasture based system may offer 

advantages over the slug feeding of concentrates during milking.  However, feeding a ration on a feed pad may 

alter cows’ key daily behaviours such as grazing, ruminating and particularly resting due to the extended time off 

pasture. These behavioural changes may be magnified by the increase in feeding time due to the increase in the 

amount of ration offered daily on the feed pad. Therefore, an experiment was conducted at the Ellinbank 

Research Centre with the aim of quantifying the time budget of grazed cows fed PMR for 90 – 120 min after 

each milking compared with supplemental feeding during milking (control).  
A total of 128 Holstein-Friesian dairy cows were used in this study during spring 2010. They were divided 

into 4 groups of 32 animals. Two groups were allocated to the control treatment (n=64) where cows grazed 

perennial ryegrass supplemented with wheat grain fed while milking and pasture silage in the paddock. The other 

two groups were assigned to the PMR treatment (n=64) where cows grazed the same pasture allowance (15 kg 
DM/cow.day) but received the supplements as a mixed ration on the feed pad after each milking. Both diets were 

isoenergetic and equivalent in amounts. Each group of 32 was further divided into 4 sub-groups of 8 cows, 

randomly assigned to one of 4 rates of supplement feeding (8, 10, 12 and 13.5 kg DM/cow.day). Therefore, a 

total of 8 treatments which were replicated twice, were used in this study with 16 sub-groups of 8 animals that 

were balanced for age (4.5±1.63 yrs), body condition score (4.6±0.27), live weight (561±55.2 kg) and annual 

milk yield (6896±950.8 kg/cow). Following a 14-day adaptation period, data were collected for 18 days for 

behaviours, milk responses, pasture intake and feed refusals. The behaviour (grazing / ruminating / idle) and 
posture (lying / standing) of each cow was observed every 10 min for 24 hrs over 4 days. Concurrently, 

IceTagTM animal activity monitoring sensors were used to measure lying behaviour to confirm the conclusions 

drawn from the visual observations. Data were analysed using a REML mixed effect model in GenStat 13. 

 

Table 1. The ration and rate effect on behaviours performed by lactating dairy cows over 24 hr period 

 

Behaviour  
Ration effect Rate effect (kg) 

PMR Control SED 8  10  12  13.5  SED 

Lying – observation (hrs) 10.6 10.4 0.19 10.4 10.7 10.2 10.8 0.36 

Lying – IceTagTM
 (hrs) 10.4 10.1 0.18 9.9 10.2 9.9 10.3 0.25 

Number of lying bouts 9.3 9.4 0.31 8.7       9.1 9.2 10.3 0.44 

Grazing (hrs) 4.0  5.2  0.16 5.0  4.9 4.5  4.1  0.15 

Ruminating (hrs) 8.5 8.7 0.27 8.0  8.7 8.9  8.9  0.21 

Not chewing (hrs) 10.1 10.1 0.34 10.6 9.8 9.8 10.1 0.23 

 

As illustrated in Table 1, there was no significant (P>0.05) effect of the ration or rate on daily lying time and 

number of lying bouts per day, reflecting the cows’ adaptation to the changed feeding environment without 

compromising their resting behaviour which is a major indicator of animal welfare. Daily grazing time was 

lower in PMR cows (P<0.05) and it declined with increasing level of supplement (P<0.05). However, pasture 

intake was not affected by either ration or rate (8.13 ±0.92 kg DM/cow/day, P>0.05). This suggests that there 

was an increase in grazing rate with the increase of level of supplement as well as in PMR cows. The ruminating 

time was significantly affected by rate (P<0.05) but not by ration (P>0.05). With increasing level of supplement, 

daily ruminating time increased, presumably in order to facilitate the digestion of forage supplements and to 
maintain an optimal rumen environment at the presence of grain supplements in the diet (Williams et al., 2005). 

In conclusion, under the conditions of this experiment, integrating grazed pasture with supplements fed as a 

mixed ration on a feed pad for more than 3 hrs a day slightly changed the time budget of pasture-based dairy 

cows, without any indication of negative consequences for the welfare. 

 
Williams Y. J., Wales W. J., Doyle P. T., Egan A. R. and Stockdale C. R. (2005).  Aust.  J. Experi. Agric. 1519. 
 
Email: anomah@student.unimelb.edu.au 
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Climate change and climate variability in northern Victoria, Australia is expected to decrease water 

availability, result in higher temperatures and increase the frequency of extreme weather events. For a location 

like Tatura in northern Victoria, Nidumolu et al (2010) has estimated there would be an additional 10 heat stress 

days (where the thermal heat index was 75 or more) in year 2025, compared to conditions between 1971 and 

2000. For cows with a low susceptibility to heat stress, such as Brown Swiss, Jersey or younger animals 

producing less than 5,500 L per year, the decline in milk production is expected to be 240 L per year (on 
average) because of the additional heat stress days. For highly susceptible cows, including high producing 

Holstein-Friesian cows, milk production losses without intervention is estimated to be 493 L per cow.  

Nidumolu et al (2010) also showed that by providing shade, milk production losses could be reduced by 

72%. For low susceptibility cows, this would mean a decrease in annual milk production of 67 L, instead of 240 

L, while the milk production of highly susceptible cows would decline by 138 L. This paper examines whether 

the benefits of investing in a range of heat stress mitigation options outweighs the costs for a 250 cow herd with 

either low or high susceptibility animals. 

Seven shade options across 3 areas of the farm (in paddocks and laneways, in the dairy yard, and on an 

existing feed pad) were assessed. The proportion of time cows spent under shade influenced the benefit received. 

For a herd with low susceptibility to heat stress, it was not worthwhile installing shade structures when a real 

discount rate of 10% was assumed. In contrast, for dairy herds that are highly susceptible to heat stress, it was 

generally profitable to invest in a type of shade structure. The net present value, at a 10% real discount rate, was 
positive for all adaptation strategies except the two transportable in-paddock shade structures (scenarios 1 and 2). 

While investment in shade options was found to be unprofitable for herds with low susceptibility to heat 

stress, as cows become more productive, they may also become more susceptible if their frame size increases, 

and the importance of heat stress mitigation and the benefits from shade structures will increase for all herd 

types.  

 

Table 1. Capital cost and net present value of shade strategies for a 250 cow herd with low or high 

susceptibility to heat stress under expected climate conditions in year 2025 

 

  Net Present Value at 10% discount rate* 

Type and location of shade Capital cost Low susceptibility 
herd 

High susceptibility 
herd 

Paddocks and laneways    
1. Portable shade cloth roof on wheels $160,000 -$149,300 -$83,000 

2. Portable solid roof on wheels $240,000 -$175,800 -$109,500 
3. Portable shade cloth (light frame) no wheels $80,000 -$48,100 $18,200 
Dairy yard    
4. Fixed shade cloth structure $21,500 -$10,300 $22,800 
5. Fixed solid roof structure $41,500 -$17,100 $16,100 
Existing feed pad    
6. Basic roof shade structure over compacted gravel feed pad $70,000 -$17,900 $81,600 

7. Gabled roof structure over concrete feed pad $130,000 -$50,400 $49,100 
*Net present value is the sum of profits, in today’s dollars, earned over the life of the investment, after allowing for a 10% 
return (excluding inflation) the capital could have earned if it had been invested in some alternative use. 
 
Nidumolu U., Crimp S., Gobbett D., Laing A., Howden M. and Little S. (2010). Effectiveness of adaptations to heat stress to 
maintain dairy productivity in a variable and changing northern Victorian climate. CSIRO Sustainable Ecosystems. Adelaide. 
Australia. 
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Good body condition score (BCS) is essential for high reproduction rates in cattle. The BCS of Ongole cows 

in Indonesian villages is often low, with approximately 20-60% having BCS less than 3 (on 1-5 scale) at calving 

across villages (Affandhy et al 2011). Smallholder farmers require a low cost diet to increase BCS based on 

locally available resources. The aim of this experiment was to compare different feeding strategies for increasing 

the BCS of cows in Indonesian villages. Straw based diets were supplemented or replaced with higher quality 

forages. 

Fifteen Ongole (Bos indicus) cows, mean liveweight (W) 331 kg (± 10 s.e.m.), BCS 2.4 (± 0.1), and 15 Bali 

(Bos sondaicus) cows (180 ± 4 kg, 2.3 ± 0.1), were allocated to one of 3 dietary treatment groups in a 
randomized block design, with 5 cows of each breed per group. All cows were non-pregnant and non-lactating, 

and were housed in individual pens at the Beef Cattle Research Institute in East Java, Indonesia, for 24 weeks. 

They had unlimited access to fresh drinking water. The diets offered initially were: RSG3 - rice straw ad libitum 

+ Gliricidia (Gliricidia sepium), 3 g DM/kg W/day; RSG10 - rice straw (10 g DM/kg W/day) + Gliricidia (10 g 

DM/kg W/day); or EG - Elephant grass (Pennisetum purpureum) ad libitum. In week 18 the RSG3 diet was 

changed to RSB10 - rice straw ad libitum + rice bran (10 g DM/kg W/day). These treatments were analysed 

separately. Feed intake was determined daily and liveweight was measured (before feeding) every second week. 

Organic matter digestibility (OMD) was measured by total faecal collection over 7 consecutive days on 3 

separate occasions during weeks 4, 12, and 22. Differences between the treatments were analyzed using 

ANOVA with Tukey’s pairwise comparisons in Genstat (13
th edition). 

The highest liveweight gain and OMD for both breeds was from cows fed EG (Table 1). Increasing the 
proportion of Gliricidia in the diet increased the OMD, but this was only significant in the Bali cows. Increasing 

the level of Gliricidia did not increase daily liveweight gain (P>0.05). With the exception of the RSG3 treatment, 

there was no difference in daily liveweight gain between Ongole and Bali cattle for each treatment (P>0.05). 
 

Table 1. Average dry matter intake, organic matter digestibility (OMD) and liveweight gain of Ongole and Bali cows 

fed rice straw and Gliricidia (RSG3, RSG10), elephant grass (EG) or rice straw and rice bran (RSB10) 

 

 Ongole cows  Bali cows 

 RSG3 RSG10 EG RSB10  RSG3 RSG10 EG RSB10 

Feed intake (g DM/kg W0.75.day) 
Elephant grass 0a 0a 81b 0a  0a 0a 98c 0a 

Gliricidia  12a 36b 0c 0c  11a 33d 0c 0c 

Rice bran 0a 0a 0a 39b  0a 0a 0a 36b 

Rice straw 59ab 38cd 0e 51a  68b 37c 0e 50ad 

Total 72a 74ab 81abc 91cd  80abc 70a 98d 86bcd 

OMD (g/kg) 510abc 566bd 627d 492ac  436a 522bc 590d 496ac 

Liveweight gain (kg/day) -0.10a 0.03ab 0.23bc 0.02ab  0.13bc 0.03ab 0.31c 0.15bc 

Means within each row with different superscripts differ significantly (P<0.05).  

 

Elephant grass fed ad libitum was the best feeding strategy tested in this experiment. Based on the daily 

liveweight gain in Table 1, it would take Ongole and Bali cows approximately 209 and 97 days respectively to 

gain 1 BCS on the EG diet (Teleni et al 1993). For Bali cows, RSB10 and RSG3 diets may also increase BCS, 

while other combinations of diets and genotype were sufficient for maintenance of non-pregnant, non-lactating 

cows. This study suggests that increasing BCS quickly within a 2-3 month period as is required in production 

systems is difficult with low quality based systems. Bali cows are able to reach target BCS quicker than Ongole 

cows. Maintaining a higher BCS rather than trying to gain it later would be a better management strategy. 

 

This research was funded by the Australian Centre for International Agricultural Research 
 
Affandhy L., Dikman D.M., Wahyudi T., Cahyono D.B., Mayberry D.E., Fordyce G. and Poppi D.P. (2011). Proceedings of 

the Northern Beef Research Update Conference. p. 111.    
Teleni E. Campbell R.S.F. and Hoffman D. (1993). Draught Animal Systems and Management (ACIAR: Canberra) 
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