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Abstract 

Methane yield (MY) has been adopted internationally to compare natural variation 
between animals in the amount of methane they produce relative to their feed intake. 
This project measured MY on young Angus bulls and heifers in two pedigreed, 
performance-recording research herds. Animals were recorded for MY over a 
minimum of two days on a controlled intake of a high roughage-content diet. Results 
for 339 animals were obtained. The results show substantial natural variation in 
methane emissions between individual animals and significant differences between 
sires in methane production by their progeny. 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. A preliminary estimate for the heritability of MY was moderate, being 
approximately 0.3, and similar to animal weight at the age of test. Methane yield was 
not strongly associated with phenotypic or genetic variation in standard animal 
weight, body composition or fertility traits used the Australian beef cattle genetic 
improvement system BREEDPLAN®. These results show that a breeding solution to 
reduce methane emissions from beef cattle appears to be possible. 
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Executive summary 

Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the 
fermentation process in their stomach. Enteric emissions from Australian livestock 
were estimated to be 55.6 Mt CO2-e or 10.4% of National GHG emissions in 2010. 
Over 90% of livestock emissions are from cattle and sheep, and currently beef cattle 
are Australia’s largest single source of agricultural emissions. However, less than 5% 
of these emissions are amenable to nutritional modification by changes in feeding, 
(ie. largely restricted to cattle in feedlots). Traditional selective breeding is the most 
wide-reaching tool for lasting reduction in the other 95% of emissions from our 
national herd grazing extensive pastures.  

The aim of this project was to discover if there was sufficient natural variation 
between animals in a methane production trait, like MY, that could enable producers 
to breed beef cattle with significantly reduced methane emissions. This was a 
collaborative program of research between the NSW Department of Primary 
Industries (DPI) and the University of New England (UNE) on methane emissions 
from ruminants with funding from the Australian Government under its Climate 
Change Research Program and additional funding support from Meat & Livestock 
Australia.  

The project used two pedigreed, performance-recording research herds of Angus 
cattle located at the NSW DPI Trangie and Glen Innes research centres, with 
methane measurements on individual cattle being conducted in the cattle animal 
houses at the DPI Grafton research centre and on the UNE campus. Young bulls and 
heifers were measured for methane production over a minimum of two days, on a 
controlled intake of a high roughage-content diet. Standard animal weight, body 
composition and fertility measurements used the Australian beef cattle genetic 
improvement system BREEDPLAN® were recorded on the tested cattle and their 
relatives in the research herds.  

Following the methane production test the animals are ranked on MY, and bulls with 
low or high MY were selected for breeding to establish unique replicated, divergent 
selection lines in Australian beef cattle for evaluation of associations between MY 
and other production traits.  

The project went to considerable effort to standardise the test protocol. Animals were 
prepared for testing on the same ration at all sites and were tested on this ration. The 
ration chosen had a high content of roughage and a modest content of energy: 
choices made to make the restricted feeding pattern in the test resemble the pasture 
intake pattern encountered by grazing cattle in Australia.  

Results for 339 animals were obtained. The results show substantial natural variation 
in methane emissions between individual animals and that it is possible to find sires 
whose progeny naturally produce less methane. 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. The sire differences provide evidence that there exists genetic 
variation in methane yield and demonstrate that sires exist that can be used in cattle 
breeding to produce progeny with lower methane emissions.  

A preliminary estimate for the heritability of methane yield is presented. In this small 
dataset the heritability of MY was moderate, being approximately 0.3, and similar to 
animal weight at the age of test. Methane yield was not strongly associated with 
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phenotypic or genetic variation in standard animal weight, body composition or 
fertility traits used the Australian beef cattle genetic improvement system 
BREEDPLAN.  
 
One implication from these results is that it is unlikely to be possible to predict MY for 
individual cattle based on simple phenotypic measurements such as weight or 
scanned body composition information. Further, selection using current BREEDPLAN 
EBV to reduce methane production, particularly MY, in the next generation of cattle 
will not lead to a predictable change in MY.  
 
The corollary is that to be able to select to predictably reduce methane emiisions will 
require a new breeding value for a methane-related trait, such as MY, to become 
available to cattle breeders.   
 
These results show that a breeding solution to reduce methane emissions from beef 
cattle appears to be possible. Methane yield appeared to be moderately heritable, 
similar to that for animal weight at test age. To use animal breeding to predictably 
reduce methane yield may require a new breeding value for a methane-related trait 
to become available through the BREEDPLAN system to cattle breeders.   
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Background 
 
Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the 
fermentation process in their stomach. Enteric emissions from Australian livestock 
were estimated to be 55.6 Mt CO2-e or 10.4% of National GHG emissions in 2010. 
Over 90% of livestock emissions are from cattle and sheep, and currently beef cattle 
are Australia’s largest single source of agricultural emissions. However, less than 5% 
of these emissions are amenable to nutritional modification by changes in feeding, 
(ie. largely restricted to cattle in feedlots). Traditional selective breeding is the most 
wide-reaching tool for lasting reduction in the other 95% of emissions from our 
national herd grazing extensive pastures.  
 
In ruminants there is a strong positive relationship between feed intake and methane 
production. Hence, any animal breeding strategy that reduces feed intake per unit of 
product results in reduction of GHG emission intensity. Direct selection for lower daily 
methane production (MP) may not be desirable because it could favour lower feed 
intake and/or smaller, slower growing animals. Methane intensity (methane 
production per unit of animal product such as weight; MP_WT) and methane yield 
(methane produced per unit of feed intake; MY) can measure the methane mitigation 
achieved independent of animal size and feed intake. For genetic improvement, the 
magnitude of phenotypic and genetic variation in these traits and their phenotypic 
and genetic associations with other important production traits need to be 
determined.  
 
The aim of this project was to discover if there was sufficient natural variation 
between animals in a methane production trait, like MY, that could enable producers 
to breed beef cattle with significantly reduced methane emissions while maintaining 
livestock productivity. This is a collaborative program of research between the NSW 
Department of Primary Industries (DPI) and the University of New England (UNE) on 
methane emissions from ruminants with funding from the Australian Government 
under its Climate Change Research Program and additional funding support from 
Meat and Livestock Australia.  
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Project objectives 
 
1. By 1 September 2009 have defined the trait to be internationally accepted as the 

low methane phenotype for Angus cattle 
2. By 1 September 2011 have initial estimates of heritability for the methane trait 

based on two generations of genetic improvement 
3. By 1 December 2011 have identified positive and negative genotypic 

associations between the low methane phenotype and feed intake, growth and 
body composition traits 

 
By agreement with MLA in December 2011 the due dates for these objectives and 
related milestones have been extended, to 1 November 2011 for objective 2, and 1 
March 2012 for objective 3. These changes were agreed to recognising the 
unavoidable delay in completion of the new cattle animal house on the UNE campus 
and consequent delay in commencement of measuring methane production on large 
numbers of cattle.  
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Methodology 
 
The project needed to measure the extent of natural phenotypic variation and 
underlying genetic variation in methane production traits in beef cattle. In addition, 
the project needed to measure these methane production traits and all standard 
production traits recorded in Australia’s genetic improvement system BREEDPLAN® 
on cattle with known pedigrees. 
 
For these reasons the project choose to use Angus cows in pedigree- and 
performance-recorded research herds at the NSW DPI research centres at Grafton 
and Trangie NSW. In 2010 it was necessary to relocate the research cow herd from 
Grafton to the NSW DPI Glen Innes Research Centre. The Trangie research herd 
had a history of breeding for differences in growth rate (Parnell et al., 1997) and net 
(or residual) feed intake (feed efficiency; (Arthur et al., 2001)). The Grafton/Glen 
Innes research herd had had been formed by retaining female progeny born 2002-
2004 in an Australian Angus Society progeny test program.   
 
The cows had been mated in 2007 to Angus bulls that some years previously had 
been recorded for residual feed intake and MY. Bulls that had been identified as 
either phenotypically high or low for MY were used as sires in the Grafton herd; sires 
that were high or low for net feed intake were used in the Trangie herd. Methane 
production by the bulls had been measured using the SF6 tracer method when being 
fed at ad-libitum feed intake a 70% grain-content feedlot ration in the Beef CRC 
“Tullimba” Research Feedlot as described by (Hegarty et al., 2007). Progeny were 
born in 2008 and weaned in 2009.  
 
As near 2-year-old animals in 2010, firstly bull calves from the Trangie herd, and then 
heifer calves from the Grafton herd were measured for methane production at the 
Grafton Research Centre. There, in individual pens inside an animal house, each 
animal had methane production measured using the SF6 method while being fed a 
fixed daily allowance of a roughage diet. The amount offered was calculated to 
provide 1.2-times the estimated energy requirement for maintenance based on the 
animal’s liveweight at the start of the measurement period. This was done to 
minimise day to day variation in daily methane production so increasing power to 
detect phenotype differences, and avoid ‘level of feeding’ effects on rate of methane 
production per day. After adaptation to diet (14 days), methane production was 
measured over 5 x 24h consecutive periods. Some photographs of the Grafton 
facility and cattle in the measurement chambers are attached in Appendix 2. 
 
The bulls, then heifers, were split into cohorts of 32 animals. Animals within a cohort 
were measured at the same time, with care taken to ensure sires were equally 
represented in each cohort. Due to equipment problems during measurement of the 
first cohort of Trangie bulls, data from that cohort was not used. Table 1 shows the 
numbers of animals with valid methane production records obtained.  
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Table 1. Progress in testing animals to end February 2012.  
Numbers shown in italics represent numbers yet to be tested. 
Year of 
test 

Method Animals Gen. Seln. Rumen and faecal samples 
for RELRP network 

2010 SF6 62 TR bulls 0 Faeces only 
  73 GI heifers 0 Faeces only 

  135   

2011 Chamber 75 TR bulls 0 Both 
  64 GI bulls .75 Both 
  65 GI heifers .75 Both 

  204   

2012 Chamber 80 GI bulls .75, some 2 Both 

Total tested to end 
Feb. 2012 

419   

2012 Chamber 80 GI heifers .75, some 2 Both 
  80 TR bulls .75 Both 
  80 TR heifers .75 Both 

To be tested 240   

End of June 2012 659   

Explanation: 
SF6 and Chamber refer to the method used for methane production measurement 
TR refers to the southern (Trangie) research herd 
GI refers to the northern (Glen Innes) research herd 
Gen. Seln. refers to approximate number of generations of selection. 
 
 
In 2008 the same bulls and cows were mated but with different assignment of bull to 
cows. The progeny were born in 2009 and were to be tested in 2010 in new, 
purpose-built respiration chambers on the University of New England (UNE) campus, 
Armidale. The project had considerable delays resulting from the slow progress in 
completion of the new methane measurement facility on the UNE campus. The 
facility opened for methane measurement in April 2011. Some photographs of the 
UNE facility and cattle in the measurement chambers are attached in Appendix 3. 
 
In 2011 progeny from both research herds were tested through the UNE chambers. 
Table 1 shows the numbers of animals tested in 2011. Preparation of animals for 
testing followed the same protocol as used previously. There were 10 test chambers 
in the UNE facility. Ten animals at a time were tested over 2 days, with daily feed 
intake and MPR in the chambers recorded. 
 
Because of the delay in testing cattle, no matings were made in 2009. In 2010, 
matings using new bulls were conducted in both research herds. For both herds, 
sires were selected on the basis of high or low MY during their test in 2010. Progeny 
were born in 2011 and will be tested for methane traits in 2012. The use of bulls with 
low or high MY in separate herds has enabled the project to establish unique 
replicated, divergent selection lines in Australian beef cattle for evaluation of 
associations between MY and other production traits. 
 
The project went to considerable effort to standardise the test protocol. Animals were 
prepared for methane testing on the same ration at all sites and were tested on this 
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ration. The ration chosen has a high content of roughage and a relatively low content 
of metabolizable energy (9 MJ/kg DM; see Figure 1). It was offered at a restricted 
level of feeding (just above maintenance). Choice of a restricted feeding pattern of a 
modest energy feed was chosen to resemble the pasture intake pattern encountered 
by grazing cattle in Australia.  
 
 
Figure 1. The test ration was uniformly Manuka “Blue Ribbon” Chaff® (Quirindi 
NSW)  

 
 
In addition to methane produced during test (MP; L/day), the traits recorded were age 
at start of test (Age; days), animal weight just before start of test (WT; kg), feed dry-
matter intake during test (DMI; kg/day), methane produced per unit of animal WT 
(MP_WT; L/kg) and methane yield (MY; L/kg DMI).  
 
Fixed effects analyses were undertaken to identify significant fixed effects for these 
traits (year, cohort, sire), with age and weight at start of measurement fitted as 
covariates.  
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Results 
 
Progress in testing animals 
Progress in testing pedigreed Angus cattle from two NSW DPI research herds to end 
February 2012 is shown in Table 1, along with indicative numbers for cattle to be 
tested through to end of June 2012. In addition to the methane and animal production 
traits being measured, samples of rumen fluid and faeces were collected for sharing 
across the RELRP network. 
 
Means and descriptive statistics for the 339 cattle with valid methane test data 
measured in 2010 and 2011 are presented in Table 2. 
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Table 2. Means and descriptive statistics for the N=339 animals tested for methane 
production traits.  
The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW 
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI 
Trangie research herd. 
Trait Mean Std Dev Maximum Minimum N 
Age 691 77 822 537 339 
WT 483 73 670 316 339 
DMI 7.7 1.0 9.5 4.8 339 
MP 229 51 516 70 339 
MP_WT 0.48 0.10 0.88 0.21 339 
MY 30.1 6.5 58 22 339 
EMA 62.6 6.1 80 35 266 
Fat_p8 4.7 4.7 32 1 266 
Fat_12_13 3.3 3.0 18 1 266 
IMF 3.3 1.3 7.2 1.6 264 
EBV_BthWt 4.1 1.9 10.6 -0.2 305 
EBV_GestLgth -1.1 1.0 1.8 -3.2 190 
EBV_200WT 25.2 7.0 47 3.0 305 
EBV_400WT 46.7 12.1 80 4.0 305 
EBV_600WT 58.7 16.1 103 7 305 
EBV_200Milk 9.1 2.5 16 2.0 297 
EBV_DC -0.6 1.6 4.7 -4.3 168 
EBV_CarcWt 28.6 9.3 55.0 -7.0 305 
EBV_CarcRib 0.9 1.8 6.2 -3.1 274 
EBV_CarcRmp 0.8 1.8 6.4 -2.3 274 
EBV_CarcRBY -0.3 0.9 1.2 -3.2 274 
EBV_CarcIMF 0.2 0.6 1.9 -0.9 230 
EBV_CarcEMA 0.3 1.3 3.6 -3.3 274 
EBV_NFI 0.0 0.5 1.4 -1.1 274 
Abbreviations: 
Age age at start of test (days) 
WT animal weight just before start of test (kg) 
DMI feed dry-matter intake during test (kg/day) 
MP Methane produced during test (L/day) 
MP_WT Methane produced per unit of animal weight WT; L/kg) 
MY Methane yield, methane produced per unit of DMI (L/kg) 
EMA cross-sectional area of the ribeye-muscle determined by ultrasound 

scanning prior to test (cm2) 
Fat_p8 depth of subcutaneous fat at the rump p8 site, determined by 

ultrasound scan (mm) 
Fat_rib depth of subcutaneous fat at the 12/13th rib site, determined by 

ultrasound scan (mm) 
IMF “marbling” fat content of the ribeye muscle, determined by 

ultrasound scan (%) 
EBV estimated breeding value: an estimate of genetic merit for an 

animal produced by Australia’s Breedplan system. Must attain 
prescribed min. accuracy before an animals EBV is published, uses 
measurements on the animal and its relatives 

EBV_BthWt EBV for birth weight (kg) 
EBV_GestLgth EBV for gestation length (days), shorter usually considered better 
EBV_200WT EBV for weight at 200days of age (usually near weaning, kg) 
EBV_400WT EBV for weight at 400days of age (kg) 
EBV_600WT EBV for weight at 600days of age (kg) 
EBV_200Milk EBV for additional weight at 200days due to extra milk (kg) 
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EBV_DC EBV for days to calving, from when bull goes to cows to when calf 
born, shorter usually considered battered (days) 

EBV_CarcWt EBV for weight of carcase after slaughter (kg) 
EBV_CarcRib EBV for depth of fat at 12/13 ribs on carcase (mm)  
EBV_CarcRmp EBV for depth of fat at rump p8 site on carcase (mm) 
EBV_CarcRBY EBV for estimated retail beef yield from carcase (kg) 
EBV_CarcIMF EBV for “marbling” fat in rib-eye on carcase (%) 
EBV_CarcEMA EBV for cross-sectional area of rib-eye muscle on carcase (cm2) 
EBV_NFI Midparent EBV for postweaning NFI, a measure of feed efficiency, 

lower is better (more efficient, kg/day). 
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Progress against Objective 1: Definition of low methane phenotype for Angus 
cattle 
Methane yield (MY) is the principal methane phenotype that has been adopted 
internationally to compare natural variation between animals in the amount of 
methane they produce relative to their feed intake (Vlaming et al., 2008). Methane 
yield is defined as the amount of methane produced per unit of feed consumed, and 
is usually recorded over periods of 24-hour duration or longer to account for any 
diurnal variation in methane production. 
 
By breeding for low methane phenotype cattle, we seek to identify those individuals 
that eat well and grow well, but simply produce less methane per unit of feed intake 
or weight gained. The relationships between daily methane production (MP) and daily 
feed intake (DMI), and between DMI and average daily gain in weight (ADG), are 
known to be strong. The strength of the relationship between MP and DMI was firmly 
established by (Blaxter and Clapperton, 1965).  
 
It is well established that there exists genetic variation in both DMI and ADG, and as 
a consequence it is likely that there is genetic variation in MP, but this remains to be 
demonstrated in beef cattle. Selection of animals with low MP for breeding purposes 
is likely to be effective in reducing MP in the next generation. However animals 
selected solely for low MP are likely to be those with lower DMI and ADG. That is, 
selection to reduce MP could inadvertently favour smaller, less productive, and 
generally less profitable animals.  
 
In this project with Angus cattle the strong phenotypic associations between MP and 
DMI and animal size (WT) are apparent. The correlations between MP and DMI 
(r=0.33) and MP and WT (r=0.40; Table 3) show that generally animals with lower 
feed intake and smaller, lighter animals have the lowest MP. 
 
 
Table 3. Phenotypic correlations for methane test traits for N=339 animals tested for 
methane production traits.  
The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW 
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI 
Trangie research herd. 

 DMI MP MP_WT MY (L/kg) 
WT (kg) 0.91* 0.40* -0.33* -0.15* 
DMI (kg/day)  0.33* -0.33* -0.26* 
MP (L/day)   0.72* 0.81* 
MP_WT (L/kg)     0.95* 
Abbreviations are explained under Table 2 
* Correlation is different to zero at P<0.05. 
 
 
However the correlations between MP and DMI, and MP and animal WT, while high, 
are not unity. There exists natural variation in methane production above and below 
these general relationships. Figure 2 shows MP plotted against DMI and WT for the 
Angus cattle tested in this project.  
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Figure 2. Natural variation in methane production above and below general 
relationships with dry matter intake and animal pretest weight for the N=339 Angus 
cattle tested in this project. 
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It is apparent in Figure 2 that there are cattle that naturally produce less methane 
relative to their feed intake (that is, have a lower MY), and less methane relative to 
their size (weight). Unlike MP, MY is largely phenotypically independent of DMI and 
weight (correlations being -0.26 and -0.15 respectively; Table 3). Should these 
relationships hold at a genetic level, they indicate that selection for low MY need not 
favour smaller animals and lower DMI. Rather it should be possible to breed animals 
of a desired size that produce less methane from the feed they consume. 
 
For these reasons MY has been chosen as the preferred methane phenotype trait to 
explore whether natural variation in methane production exists, such that it is 
possible to breed lower methane emitting cattle without comprising their growth 
performance and profitability.  
 
 
Progress against Objective 2: Heritability of the low methane trait 
 
Evidence from differences between sires 
Early evidence for genetic variation in MY in Angus cattle is provided by the 
differences between sires in the MY by their progeny recorded in this project. Thus 
far, five groups of Angus bulls and heifers from the northern (Glen Innes) or the 
southern (Trangie) research herds have been tested for methane in 2010 and 2011 
(see Table 1). 
 
For each sire with progeny tested in this project, the average for MY of its progeny 
was calculated. These sire progeny averages (as LS-means) for MY for the first five 
groups of cattle tested in this project are shown in Figure 3. The LS-means for sires 
were determined using a linear model that first fitted age at test, pretest WT and then 
sire, with the LS-means for MY of their progeny calculated separately for each of the 
five tests.  
 
There was a large range between the sires in the average MY of their progeny. 
Compared to the sires whose progeny had the lowest average MY in each test, the 
sires whose progeny had the highest average MY, had average MY that were 24%, 
24%, 16%, 19% and 11% higher across the five groups of cattle tested. These 
results provide powerful evidence that there exist sires that can be used in cattle 
breeding to produce progeny with naturally lower MY. 
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Figure 3. Sire progeny-group LS-means for MY for the sires of progeny in the first 
five groups of cattle tested in this project. 
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Progeny of A089 24% higher than progeny of A311; P<0.05 
 
2010 tested Northern herd (Glen Innes) heifers 

MY by progeny (L/kg DMI)
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A055 24% higher than A066; P<0.05 

 
2011 tested Southern herd (Trangie) bulls 
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C256 16% higher than C003; P<0.05 
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2011 tested Northern herd (Glen Innes) bulls 

MY by progeny (L/kg DMI)
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A153 19% higher than A305; P<0.1 

 
 
2011 tested Northern herd (Glen Innes) heifers 
 

MY by progeny (L/kg DMI)
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A066 11% higher than A305; P<0.05 

 
 
Heritability 
A preliminary estimate of the variance components and heritability for MY was 
calculated using the N=339 records collected to end of 2011, with 28 sires 
represented in these animals with records. Three generations of breeding records 
were used to build the pedigree, with a total of 1299 animals in the analysis pedigree.  
 
Three models were fitted to estimate the additive, environmental and phenotypic 
variances and heritability for MY. The models: CG1 to CG3, included the following 
contemporary group (CG) definitions: 
CG1 = cohort || year || run (within cohort); n=26 
CG2 = cohort || year; n=8 
CG3 = cohort || year || chamber n=61. 
 
In these definitions: cohort refers to the group of cattle brought to the test facility (eg. 
typically 40 head at UNE); year is the year of test; run is the group of 10 measured at 
the same time at the UNE facility; and chamber is the number of the chamber in the 
UNE facility in which the animal was tested for methane.  

B.CCH.1006 - Genetic improvement of beef cattle for GHG outcomes



 19 

 
For comparison, the variance components and heritability for pretest animal weight 
(WT) were also calculated, weight being a production trait whose heritability has 
been estimated before for the Trangie research herd (Arthur et al., 2001). The model 
fitted for weight also included a maternal genetic effect. 
 
Table 4 shows the additive, environmental and phenotypic variances and heritability 
for MY and pretest animal weight (WT).  
 
 
Table 4. Variance components and heritability for methane yield (MY) and pretest_wt 
(WT) (with standard errors). These must be considered PRELIMINARY ESTIMATES 
- CONFIDENTIAL, given the small dataset available for analysis. 

 s2
a s2

m s2
e s2

p h2
d h2

m 

MY, CG1 4.1 
(3.4) 

 18.6 
(3.2) 

22.7 
(1.8) 

0.18 
(0.14) 

 

MY, CG2 4.7 
(3.4) 

 17.5 
(3.1) 

22.2 
(1.8) 

0.21 
(0.15) 

 

MY, CG3 6.1 
(3.9) 

 15.2 
(3.4) 

21.3 
(1.9) 

0.29 
(0.17) 

 

WT, CG1 979 
(404) 

- 839 
(318) 

1,818 
(166) 

0.54 
(0.19) 

- 

WT, CG2 1,071 
(413) 

- 756 
(319) 

1,826 
(167) 

0.59 
(0.19) 

- 

WT, CG3 1,233 
(467) 

- 605 
(356) 

1,839 
(184) 

0.67 
(0.21) 

- 

WT, CG1 907 
(497) 

45 
(224) 

856 
(312) 

1,808 
(168) 

0.50 
(0.25) 

0.02 
(0.12) 

WT, CG2 855 
(472) 

131 
(219) 

809 
(295) 

1,795 
(163) 

0.48 
(0.24) 

0.07 
(0.12) 

WT, CG3 843 
(491) 

221 
(239) 

716 
(308) 

1,780 
(172) 

0.47 
(0.25) 

0.12 
(0.14) 

Abbreviations: 
CG1, CG2, 
CG3 

Contemporary group definition used in the 3 models (see text 
above for further explanation) 

s2
a Additive (genetic) variance 

s2
m Maternal component of variance for WT only 

s2
e Environmental variance 

s2
p Phenotypic variance 

h2
d Heritability of additive (genetic) variance 

h2
m Heritability of maternal component of variance for Wt only. 

 
 
The model with the more complex CG definition: CG3; best estimated the 
environmental variance and maximized the additive genetic variances for both traits. 
Examining the estimates for animal weight at start of test first, the heritability was 
0.47 from the model that fitted CG3 and a maternal component. This value is high 
compared to that usually reported for seedstock industry Angus herds, being typically 
between 0.3 and 0.4.  
 
We know from previous work with our DPI Angus herd that the herd has a higher 
genetic variation and heritability for liveweight traits than industry herds (Arthur et al., 
2001). When adjusted for these inflated components of variance, the heritability of 
yearling (400-day-direct) weight in our herd was 0.27 ((Arthur et al., 2001)).  
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The heritability of the methane test trait (MY) was approximately 0.29 using the CG3 
model (Table 4). As MY is calculated relative to feed intake, and hence to liveweight 
(because feed allocation in the test was based on liveweight), it is likely that the 
variance components for MY will not be inflated as those for weight. It is therefore 
likely that the heritability of MY is similar to that for growth traits, that is, it has a 
medium heritability.  
 
 
Progress against Objective 3: Genotypic associations between methane 
phenotype and productivity 
Relationships between the methane phenotype MY and selected live-animal traits, 
and with genetic merit for a range of production, fertility and carcase traits, are 
presented in Table 5. The production traits are those recorded in the Australian beef 
cattle genetic improvement system BREEDPLAN. The magnitude and direction of the 
regression coefficients were determined using a linear model that fitted age at test, 
animal weight (WT), year-of-test and research herd, and whether it was statistically 
significant (P<0.05) different from zero. The regression coefficients indicate how 
much phenotypic variation in MY is associated with phenotypic change in the live-
animal traits or with a unit change in genetic merit of the production trait (as 
measured by estimated breeding values; EBV). Regression coefficients that were 
statistically different from zero provide evidence for phenotypic change in MY 
accompanying phenotypic or genetic variation in the production trait.  
 
The analysis was based on data for 339 animals tested for methane production traits. 
The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW 
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI 
Trangie research herd. 
 
 
Table 5. Regressions coefficients (b-values; with standard error) for methane yield 
(MY) with live animal weight and carcase traits, and with estimated breeding values 
(EBV) for a range of production traits for N=339 Angus bulls and heifers. 
     
Live animal traits     

WT Fat_Rib Fat_p8 IMF EMA   
0.002 0.04 0.07 0.09 -0.05   
0.005 0.17 0.10 0.38 0.05   

      
Production traits      

EBV_BthWt EBV_200WT EBV_400WT EBV_600WT EBV_200Milk EBV_NFI  
-0.12 -0.04 -0.03 -0.02 -0.30* -1.16†  
0.15 0.05 0.03 0.02 0.12 0.65  

      
Carcase traits      
EBV_CarcWt EBV_CarcRib EBV_CarcRmp EBV_CarcIMF EBV_CarcEMA EBV_CarcRBY  

-0.01 -0.15 -0.17 -0.26 -0.42† 0.001  
0.04 0.15 0.15 0.53 0.22 0.31  

      
Fertility traits      
EBV_GestLgth EBV_DC      

0.01 0.11      
0.44 0.24      

Abbreviations are explained under Table 2. 
* Regression coefficient is different to zero at P<0.05; † trend to difference at P<0.1. 
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These results show that variation in weight attained on pasture prior to testing, and 
variation in scanned measurements of body composition on the live animal 
(subcutaneous fat over the ribs and rump, marbling fat (IMF) and size of the eye-
muscle (EMA)) near the time of methane measurement had no association with 
variation observed in MY. This lack of significant phenotypic regressions in the 
sample of animals so far tested indicate that MY was independent of, that is not 
influenced by, animal weight and body composition when measured on restricted 
feed intake under the conditions of the test.  
 
True genetic correlations between MY and the standard production traits could not be 
determined because of the small size of the dataset of records. However, phenotypic 
variation in MY does not appear to be associated with genetic variation in weight at 
birth, 200 days, 400 days and 600 days of age, or with genetic variation in carcase 
traits, except perhaps for genetic variation in carcase eye-muscle area (CarcEMA), or 
with genetic variation in the fertility traits (gestation length (GestLth) and days–to-
calving (DC)) reported by BREEDPLAN. The association between variation in MY 
with genetic variation in extra weaning weight due to milk (200Milk) and genetic 
variation in carcase eye-muscle area is curious. It may reflect low MY being 
associated with genes favouring preferential diversion of feed energy from methane 
to extra milk from the cow and a more muscle growth. But this is just speculation until 
we have more data.  
 
Methane yield tended to be negatively correlated with the NFI feed efficiency EBV. 
That is, genetic superiority for feed efficiency (as lower EBV_NFI) was associated 
with higher MY.  
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Discussion  
 
This report good progress toward meeting the three objectives of this project. 
 
Objective 1: Methane yield (MY) is defined as the methane phenotype that has now 
been accepted internationally for measurement of natural variation between animals 
in the amount of methane they produce relative to their feed intake. This methane 
phenotype has been adopted in this project to evaluate natural differences between 
animals in methane production. Large natural variation in MY between individual 
animals and differences between sires in MY by their progeny has provided early 
evidence that breeding for lower methane emissions is possible.  
 
Objective 2: The unavoidable delay in commencement of measurement of cattle in 
the new beef cattle measurement facility on the UNE campus resulted in fewer 
records being collected in this project than originally planned. However, based on the 
MY records taken we report statistically significant differences between sires in MY 
by their progeny. This provides evidence that this methane production trait is under 
genetic control, and is an immediate demonstration that it is possible to find sires 
whose progeny have a naturally lower methane production. A preliminary estimate 
for the heritability for MY of approximately 0.3 is presented. A moderate heritability, 
similar to that for growth traits, is indicated, and if confirmed using a larger dataset, 
would indicate that breeding to reduce MY is possible.  
 
Usually a minimum of one thousand records are required to calculate the heritability 
of a production trait with reasonable precision. This number of records had not been 
obtained at the time of this final report. More records for animals with MY are 
required and for this reason testing of animals for MY needs to continue after the 
date of this final report. 
 
Objective 3: Preliminary results show that phenotypic associations are low, probably 
negotiable, for MY with weight gained on pasture and body composition (eye-muscle 
area, subcutaneous fat over the ribs and rump) and meat quality (marbling fat) taken 
near the time of methane measurement. While the magnitude of genetic correlations 
cannot be determined until more records for MY are collected, it does appear that 
phenotypic variation in MY does not appear to be associated with genetic variation in 
weight traits, important body composition and carcass traits, and fertility traits (as 
indicated by lack of associations with EBV).  
 
The implication from these preliminary results are that it is unlikely to be possible to 
predict MY for individual cattle based on simple phenotypic measurements such as 
weight or scanned body composition information. Further, selection using current 
BREEDPLAN® EBV to change methane production, particularly MY, in the next 
generation of cattle will not lead to a predictable change in MY.  
 
The corollary is that to be able to select to predictably change MY will require a new 
breeding value for a methane-related trait, such as MY, to become available to cattle 
breeders through the BREDPLAN system.   
 
Our results showed that MY tended to be negatively correlated with the NFI feed 
efficiency EBV. That is, genetic superiority for feed efficiency (as lower EBV_NFI) 
was associated with higher MY. When tested under conditions of ad-libitum feeding 
we have previously shown that lower EBV_NFI are associated with slightly lower 
DMI, lower MP and lower methane intensity (MP_WT) but not lower MY (Hegarty et 
al., 2007). We have previously shown that a greater ability to digest feed is one of the 
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physiological mechanisms contributing to superior (lower) NFI (Richardson and Herd, 
2004). In this project, cattle are offered a restricted feed allowance that is 
proportional to their weight. Under these conditions we might hypothesize that low 
EBV_NFI animals can extract more feed energy from their diet for growth, which is a 
good animal production outcome, but will also produce more methane, that is a 
higher MY.  
 
This has implications for the use of genetic improvement in NFI as a breeding tool to 
reduce MP from cattle on pastures. It may be that on poor quality pastures, breeding 
for low NFI will result in cows with slightly higher daily MP and MY, but because they 
are more productive (better growth themselves or by their calves), they have the 
same or lower (better) methane intensity (L methane/unit weight) than unimproved 
cows. These relationships will need to be reviewed as more data becomes available 
if breeding for low NFI is to be recommended as a methane mitigation strategy in 
livestock. 
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Conclusion 
 
Our results showed that there are cattle that naturally produce less methane relative 
to their feed intake, that is, cattle that have a naturally lower methane yield. 
Differences between sires in methane yield by their progeny were observed and were 
statistically significant. They provide evidence that there exists genetic variation in 
methane yield and demonstrate that sires exist that can be used in cattle breeding to 
produce progeny with lower methane emissions. A preliminary estimate for the 
heritability of methane yield is presented. In this small dataset methane yield 
appeared to be moderately heritable, similar to that for yearling weight.  
 
It appears that methane yield is not strongly associated with phenotypic or genetic 
variation in standard animal weight, body composition or fertility traits used the 
Australian beef cattle genetic improvement system BREEDPLAN®. Our results 
indicate that to be able to use animal breeding to predictably reduce methane yield 
will require a new breeding value for a methane-related trait to become available to 
cattle breeders.   
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Arthur, P. F., Herd, R. M. and Basarab, J. A. (2010). The role of cattle genetically 

efficient in feed utilisation in an Australian carbon trading environment. In 
Abstract and Talk to I&I NSW Beef and Sheep Conference "Increasing the 
Steaks". Tamworth, NSW. 

Hegarty, R. and Bird, S. (2012). Livestock Methane Research. Lecture and Beef Unit 
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Herd, R. (2011). Breeding beef cattle for lower greenhouse gas emissions, and 
genetic improvement in feed efficiency in farm animals. Lectures to faculty 
and students of The Agricultural University of Inner Mongolia, Hohhot, China, 
30 April 2011. 
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and students of The Agricultural University of Shanxi, Taigu, China, 6 May 
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emit less methane. In UNE ANPR 440/540 Feedlot Management Course 
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Herd, R. (2011). Host visit for 40 PICSE High School Science students and give 
lecture on cattle GHG research and inspect beef methane facility. UNE, 
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Herd, R. (2012). Genetic improvement of beef cattle for GHG outcomes. Project 
Report for NSW DPI, 28 February 2012. 14 pages. 
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Authorities (CMA) workshop. 2 February 2012. Sydney, NSW. 

Herd, R. (2012). Livestock Nutrition and Methane research at UNE. Lecture and 
animal house inspection to 55 visiting university students from Uruguay. 23 
February 2012. UNE, Armidale, NSW. 

Herd, R. (2012). Methodologies for benchmarking livestock methane emissions in 
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Appendix 2 
 

Grafton Agricultural Research Centre cattle animal house and methane 
measurement using the SF6 tracer method in 2010 

 
 

The rumen bolus containing the SF6 tracer gas. The gas is released at a known, 
constant rate and mixes with the methane expired by the animal. From a sample of 

the expired air, and measurement of methane and SF6 concentrations, the methane 
produced by the animal can be calculated. 
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Placing the bolus into the rumen. 

 
 

Cattle housed in individual pens. They are feed a known quantity of feed each day 
based on their bodyweight while methane production is being recorded. 
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The halter on the animals head holds plastic tubing in place over the animal’s nose. 
Through the tubing expired air is drawn and stored for later analysis of its methane 

and SF6 concentration. 
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Appendix 3 
 
 

The Large Animal Facility, including cattle animal house and methane 
measurement chambers, opened on the UNE campus in April 2011 

 
 

Front view of cattle animal house and methane measurement facility. 

 
 
 

Methane chambers viewed from central laneway inside cattle animal house: 
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Methane chambers: two rows of five chambers with gas sample ducting. 

 
 
 

Chamber opened to allow daily feed allowance to be provided 
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Angus bull inside methane measurement chamber with feed and water provided. 
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Paper presented to the 18th Biennial Conference of the Association for the 
Advancement of Animal Breeding and Genetics (AAABG) held in Adelaide SA in July 
2009. 
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Paper presented to the 19th Biennial Conference of the Association for the 
Advancement of Animal Breeding and Genetics (AAABG) held in Perth WA in July 
2011. 
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Paper presented to the 4th Annual World Congress of Industrial Biotechnology held 
in Dalian, China, in May 2011. 
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16 December 2011 
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From The Armidale Independent Newspaper. 15 February 2012. 
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