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ABSTRACT: Milk fatty acid profiles of 1905 first lacta-
tion Dutch Holstein Friesian cows were used to predict 
methane emissions. Genetic variation for predicted methane 
production was detected, and suggests that the genotype of 
the cow influences the amount of methane produced by the 
microorganisms in the rumen. Consequently, average pre-
dicted methane emissions of the cow population can be 
reduced by genetic selection. Herd variation for predicted 
methane production was also detected, and confirms the 
effect of the cow’s diet on methane production. Genetic 
correlations showed that methane emissions predicted with 
two different equations are genetically similar traits, while 
methane production predicted with a third equation is ge-
netically different. The use of milk fatty acid profiles to 
predict methane emissions of dairy cows could be useful for 
genetic evaluations that require phenotypes for large num-
bers of animals. 
Keywords: dairy cattle; methane emissions; heritability; 
genetic correlation 
 
 

Introduction 
 

Global dairy production is estimated to contribute 
4% to the total global anthropogenic greenhouse gas emis-
sions. Methane accounts for about half of this global warm-
ing impact of milk (FAO, 2010). Thus, reduction of me-
thane emissions seems to be an obvious approach to reduce 
the ecological footprint of dairy production. Most methane 
is produced in the cow’s rumen as a result of microbial 
fermentation of feed components. Effective approaches to 
mitigate enteric methane production include feed supple-
ments, and feed and feed management measures (Gerber et 
al., 2013). In addition, opportunities to reduce enteric me-
thane production through genetic selection are currently 
investigated. 

 
Genetic selection requires collection of phenotypes 

for large numbers of animals. This is rather difficult for a 
trait like methane production of individual cows. Therefore, 
an indicator for methane emissions, i.e. a phenotype that is 
highly correlated with methane emissions but is more easy 
to record for large numbers of cows, would be a welcome 
alternative. An indicator for methane production of dairy 
cows based on milk fatty acids has been developed by 
Dijkstra and colleagues (Dijkstra et al., 2011). 

 
The indicator was developed based on 50 inde-

pendent observations on 100 cows for methane production 
and milk fatty acid profiles. Methane production was quan-

tified in climate respiration chambers and fatty acids were 
analyzed by gas chromatography. Both are accurate but 
expensive methods. Milk fatty acid profiles can also be 
obtained from infrared profiles (Rutten et al., 2009), which 
are inexpensive and routinely collected. Therefore, an indi-
cator for methane production based on milk fatty acids 
could prove to be useful for collection of phenotypes for 
large numbers of animals. 

 
The dataset of Dijkstra and colleagues (Dijkstra et 

al., 2011) is too small to estimate genetic parameters for 
methane emissions predicted based on milk fatty acids. 
Therefore, the indicator was used to predict methane pro-
duction for a population of nearly 2000 cows for which 
milk fatty acids had been analyzed by gas chromatography. 
The aim of this study was to estimate genetic parameters for 
this predicted methane production. 

 
Materials and Methods 

 
Milk fatty acid profiles. Winter milk samples of 

1905 first lactation Dutch Holstein Friesian cows were 
analyzed for milk fatty acid profiles by gas chromatog-
raphy. Details about the population have been described by 
Bouwman et al. (2011). 

Methane predictions. Milk fatty acids were used 
to predict methane emissions with the equation developed 
by Dijkstra et al. (2011): 

 
CH4 (g/kg feed dry matter (DM)) = 24.60 + 8.74 x 
C17:0anteiso – 1.97 x C18:1trans10+11 – 9.09 x 

C18:1cis11 + 5.07 x C18:1cis13 (Methane 1). 
 

The coefficient of determination (R2) for prediction equa-
tion Methane 1 was 0.73 for the dataset of Dijkstra et al. 
(2011). 

Evaluation of the milk fatty acids included in Me-
thane 1 showed that average amounts of C17:0anteiso were 
more than double in this study than in the dataset of Dijks-
tra et al. (2011), while average amounts of C18:1cis13 were 
only one third. This suggests that application of prediction 
equation Methane 1 for this study, i.e. comprising fatty 
acids with quite different contents compared to the original 
data, may not be justified and, consequently, would result in 
less accurate predictions of methane production. Evaluation 
of the milk fatty acids included in Methane 1 showed also 
that average amounts of all four fatty acids were quite low, 
i.e. 1% or less. It could be that such low-abundant fatty 
acids are quantified less accurately and, consequently, re-
duce the accuracy of the methane prediction equation. To 



address these two issues, two additional equations based on 
the data of Dijkstra et al. (2011) were used to predict me-
thane emissions: 

 
CH4 (g/kg feed DM) = 28.60 – 1.13 x C4:0  

+ 0.36 x C18:0 – 2.57 x C18:1trans10+11 – 9.29 x 
C18:1cis11 (Methane 2). 

CH4 (g/kg feed DM) = 27.13 – 3.04 x C4:0  
+ 2.71 x C6:0 – 1.63 x C18:1trans10+11 (Methane 3). 

 
Methane 2 comprised only milk fatty acids that 

were present in similar amounts in the dataset of Dijkstra et 
al. (2011) and the dataset of this study. The R2 for predic-
tion equation Methane 2 was 0.70 for the dataset of Dijkstra 
et al. (2011). Methane 3 comprised only fatty acids that 
were present in similar amounts in the two datasets, and 
with an amount of at least 1% (w/w) in both datasets. The 
R2 for prediction equation Methane 3 was 0.63 for the da-
taset of Dijkstra et al. (2011). 

 
Not all cows of this study had complete data on 

milk fatty acids, resulting in 1838 methane emissions pre-
dicted with equation Methane 1, and 1898 predicted with 
equations Methane 2 and Methane 3. 

 
Genetic parameters. Methane emissions predict-

ed based on milk fatty acids of the cows were analyzed 
using the following animal model in ASReml (Gilmour et 
al., 2006): 

 
Yijklmn = µ + b1 x dimijklmn + b2 x e-0.05 x dim + b3 x afcijklmn + 

b4 x afc2 + seasonk + sirecodel + herdm + animaln + eijklmn (1) 
 

Where y is an observation of predicted methane production; 
µ is the general mean; dim is a covariate for the effect of 
days in milk; afc is a covariate for the effect of age at first 
calving; season is a fixed effect with 3 classes for season of 
calving, summer (June to August 2004), autumn (Septem-
ber to November 2004), and winter ( December 2004 to 
February 2005); sirecode is a fixed effect accounting for 
possible differences in genetic level between the groups of 
proven bull daughters and young bull daughters; herd is a 
random effect for herd, distributed as N(0, I σ2

herd) with 
identity matrix I and herd variance σ2

herd; animal is a ran-
dom additive genetic effect for animal, distributed as N(0, 
A σ2

animal) with additive genetic relationship matrix A based 
on a pedigree of 4547 animals and additive genetic variance 
σ2

animal; and eijklmn is a random residual effect, distributed as 
N(0, I σ2

e) with identity matrix I and residual variance σ2
e. 

 
The proportion of genetic variation, i.e. the intra-

herd heritability, was calculated as: h2 = σ2
animal / (σ2

animal + 
σ2

e). Genetic correlations were estimated using bivariate 
analyses. 
 

Results and Discussion 
 

Milk fatty acid profiles were used to predict me-
thane emissions for a population of nearly 2000 cows. Me-
thane emissions averaged 23.62 g/kg feed dry matter (DM) 
when predicted with equation Methane 1 (Table 1). This is 

higher than the average methane production of 21.5 g/kg 
feed DM reported by Dijkstra et al. (2011), the study in 
which prediction equation Methane 1 was developed. Pre-
diction equation Methane 2 comprised only milk fatty acids 
that were present in similar amounts in the dataset of Dijks-
tra et al. (2011) and the dataset of this study. Methane 2 
yielded average predicted methane emissions of 21.34 g/kg 
feed DM, which is very similar to the average methane 
production of 21.44 g/kg feed DM obtained with the dataset 
of Dijkstra et al. (2011). Prediction equation Methane 3 
comprised only fatty acids that were present in similar 
amounts in the two datasets and with an amount of at least 
1% (w/w) in both datasets. Methane 3 yielded average 
predicted methane emissions of 20.87 g/kg feed DM, which 
is comparable to the average methane production of 21.48 
g/kg feed DM obtained with the dataset of Dijkstra et al. 
(2011). 

 
Table 1. Descriptive statistics and genetic parameters of 
methane emissions (g/kg feed dry matter) predicted 
based on milk fatty acids. 
Trait N Mean(SD) h2 σ2

animal/ σ2
herd 

Methane 1 1838 23.62 (1.38) 0.12 0.10 
Methane 2 1898 21.34 (1.23) 0.20 0.34 
Methane 3 1898 20.87 (0.82) 0.44 0.97 
 

Heritability for predicted methane production 
ranged between 0.12 for Methane 1 and 0.44 for Methane 3 
(Table 1). These heritability estimates are comparable to the 
heritability of 0.13 for methane emissions of sheep in g/kg 
dry matter intake that was obtained from respiration cham-
ber measurements (Pinares-Patiño, 2013). The heritabilities 
found in this study indicate that part of the variation in 
predicted methane emissions between cows is due to genet-
ic variation, suggesting that the genotype of the cow affects 
the amount of methane produced by the microorganisms in 
the rumen. Consequently, average predicted methane emis-
sions of the cow population can be reduced by genetic se-
lection. 

 
The ratio of additive genetic variance and herd 

variance for predicted methane production ranged between 
0.10 for Methane 1 and 0.97 for Methane 3 (Table 1). This 
shows that variation in predicted methane emissions due to 
herd is equal to or considerably larger than variation due to 
genetics. Herd effects reflect differences between herds, 
such as different housing, feed, and (feed) management 
practices. Herd variance for predicted methane production 
substantiates the opportunities to mitigate enteric methane 
production through feed supplements, and feed and feed 
management measures (Gerber et al., 2013). 

 
Genetic correlation between methane emissions 

predicted with equations Methane 1 and Methane 2 was 
strong and positive, while genetic correlations between 
methane emissions obtained with Methane 1 and Methane 
3, and with Methane 2 and Methane 3 were weak (Table 2). 
This indicates that methane emissions predicted with equa-
tions Methane 1 and Methane 2 are genetically similar 
traits, thus, share some genetic background. Consequently, 
selection on methane emissions predicted with equation 



Methane 1 will result also in improvement of methane 
emissions predicted with equation Methane 2. Methane 
production obtained with Methane 3 is genetically different 
from methane production obtained with Methane 1 and 
Methane 2. 

 
Table 2. Genetic correlations (SE) between methane 
emissions (g/kg feed dry matter) predicted based on 
milk fatty acids. 
Trait Methane 2 Methane 3 
Methane 1 0.73 (0.16) -0.23 (0.27) 
Methane 2  0.06 (0.23) 

 
Genetic variation for methane emissions of dairy 

cows has also been demonstrated for methane measured in 
exhaled air during automatic milking (Garnsworhty et al., 
2012b; Lassen et al., 2012), with an initial heritability esti-
mate of 0.21 (Lassen et al., 2013). Methane measured in 
exhaled air during automatic milking shows a linear rela-
tionship with methane production quantified in respiration 
chambers (R2 = 0.79) (Garnsworhty et al., 2012a). These 
findings suggest that methane measured in exhaled air dur-
ing automatic milking is an attractive method to collect 
phenotypes on methane emissions for genetic evaluations. 

 
The method applied in this study enables collec-

tion of phenotypes on methane emissions on even larger 
numbers of animals, because milk is routinely collected 
from all dairy cows and fatty acid profiles can be obtained 
from infrared profiles. However, correlations between me-
thane production and individual milk fatty acids are not 
consistent among studies (Dijkstra et al., 2011 and refer-
ences therein). Inconsistencies are probably due to limited 
sizes of datasets, and differences in dietary treatments, 
quantification of methane emissions and analyses of milk 
fatty acids. Consequently, equations to predict methane 
production based on milk fatty acids differ between studies 
(Chilliard et al., 2009; Dijkstra et al., 2011). The indicator 
for methane emissions used in this study could be improved 
by collecting data for both methane production and milk 
fatty acid profiles from a larger number of animals on a 
variety of diets representative for the population in which 
the indicator will be used. Routine application would be-
come possible by using infrared profiles to obtain milk fatty 
acid profiles. However, predictability from infrared profiles 
of milk fatty acids with low concentrations, such as the 
ones included in the methane prediction equation of Dijks-
tra et al., (2011), can be rather low (Rutten et al., 2009). 
Further improvement of the indicator for methane emis-
sions could be obtained by using the infrared profiles of 
milk directly for prediction of methane production, instead 
of indirectly through prediction of milk fatty acid profiles. 
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