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Summary 

CH₄ concentrations in the breath of 622 Holstein cows (1,660 profiles) were measured on up to 
three consecutive days with the portable hand-held laser methane detector (LMD). Average 
concentration of the mean of all peaks and the mean of the maxima of all eructation events 
within a 5 min profile was 120 and 362 ppm x m. Mean of the estimated daily CH₄ emission 
was 288 g/d. Influencing factors were days in milk (DIM), energy corrected milk yield (ECM), 
bodyweight (BW), wind speed in the barn and the farm itself. Heritability estimates (h²) for 
mean CH₄ values per cow were between 0.08-0.28 and for repeated observations between 0.05-
0.08. Phenotypic and genetic correlations between the phenotypes ranged from 0.70 to 0.95. 
The LMD can be used to capture the genetic variation in CH4 concentrations produced by dairy 
cows on-farm. 
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Introduction 

Production of CH₄ is a loss of energy for dairy cows, which could be better used for 
maintenance or performance. Furthermore CH₄ is a strong greenhouse gas, which is partly in 
authority to global warming. Breeding for cows with lower CH₄ emission is one suggestion to 
get more efficient cows with decreased energy losses and to preserve the environment. To 
establish a breeding program for new traits large scale measurements are necessary. Therefore, 
many different techniques have been invented to measure CH₄ on-farm. Estimates of 
heritability for CH4 emission, measured with the FTIR breath analyzers (“sniffers”) or the laser 
methane detector (LMD) (Tokyo Gas Engineering Solutions, Tokyo, Japan), were 0.05-0.21 
(Lassen und Løvendahl 2016; Pickering et al. 2015). In this study, we present genetic 
parameters of new phenotypes for CH4 concentration and production. These phenotypes were 
obtained from measurements with the portable and hand-held LMD on commercial farms.  

 

 



 

Material and methods 

The LMD measures the cumulative CH₄ concentration along the laser path between device and 
the cow’s nostrils where the laser beam is reflected. Profiles of 5 min length were taken from a 
distance of 2 m, consisting of two data points per sec. After the morning milking, the cows were 
fixed in head gates standing idle during the measurement. Figure 1 shows the measurement 
protocol as a graphic representation. All cows were measured on one, two or three consecutive 
days each. The wind speed was determined with an aerometer (PCE Deutschland GmbH, 
Meschede, Germany) before and after a group of cows was measured. The energy corrected 
milk yield (ECM) was calculated from the daily milk yield recorded on the days of the CH₄ 
measurements and from milk fat and protein content from the preceding test day (Sjaunja et al. 
1990).  

 

 

Figure 1: Measurement protocol.  

 

A data set of 1,660 profiles from 622 Holstein cows from 1st-11th lactation on three 
commercial farms was collected. The cows where between days in milk (DIM) 13-341 and 
weighed 616 ± 79 kg in average. On all farms a totally mixed diet containing predominantly 
grass and maize silage and concentrates was offered to the cows. Data points in each profile 
were divided into respiration and eructation whereof different phenotypes were compiled: the 
mean of all peaks (pmean), the mean of the maxima of the eructation events (emean) and the 
estimation of the daily CH₄ emission (eME) in g/d. The latter phenotype was calculated from 
pmean, the number of respiration cycles, the tidal volume deduced from the bodyweight and a 
specific dilution factor of 19.2 (Garnsworthy et al. 2012).  

Two different models were used: for the i) “single” analyses a repeatability model, where 
repeated measurements per cow were included, and for the ii) “mean” analyses an animal 
model, where the average of all repeated observations per cow was used as phenotype. The 
model was optimized with SAS 9.2 (SAS Institute, Cary, NC, USA). Variance components 
were estimated with ASReml (Gilmour et al. 2009): 



i) 𝑦  µ 𝐹𝑉 ∗ 𝑊𝑖 𝐿𝑀𝐷 ∗ 𝑂𝑝 𝐷𝐼𝑀  𝛽 𝑒𝑐𝑚 𝛽 𝑏𝑤 𝑎

𝑝𝑒  𝑒 ,         (1) 

ii) 𝑦  µ 𝐹𝑉 ∗ 𝐺𝑟 𝐷𝐼𝑀  𝛽 𝑒𝑐𝑚 𝛽 𝑏𝑤 𝑎  𝑒 ,  (2) 

where y is the CH₄ phenotype and µ the overall mean. Fixed effects were FV = farm 
visit (1-14), Wi = class of wind speed (≤0,2; 0,2-0,4; 0,4-0,6; ≥0,6 m/s), LMD = LMD device 
(1-3), Op = operator (1-5), DIM = class of days in milk (≤40; 41-60; 61-80; 81-100; 101-
160; ≥161) and Gr = feeding group within farm (1-7). Energy corrected milk yield (ecm) 
and bodyweight (bw) were included as co-variates. The additive-genetic effect of the animal 
(a), the permanent environmental effect of the animal (pe) and the residual effect (e) were 
random effects. Farm visit instead of farm was used as a fixed effect because the visits took 
place during different seasons in the year, but were not equally distributed across seasons 
for each farm. So farm visit is a combination of the effect of the farm and the effect of the 
season. In the model of the “mean” analyses the combined effect farm visit x wind speed 
changed to farm visit x feeding group because wind speed varied over the three recording 
days, but feeding group did not. Furthermore, due to varying operators and devices per cow 
and day the effect LMD x Op was not considered in the “mean” model.  

 

Results & discussion 

For the phenotype pmean, the mean of the CH₄ concentrations recorded with the LMD was 120 
± 58 ppm x m (table 1). This value is a bit lower than the one in Chagunda et al. (2009), 203 ± 
19 ppm x m, with a similar protocol. Also, the eME (288 g/d) was lower than in a publication 
from Lassen & Løvendahl (2016) (315 ± 36 g/d). This comparison should be interpreted with 
caution because Lassen & Løvendahl (2016) used a “sniffer” breath analyzer in an automatic 
milking system, their prediction equation differed from ours. Average of emean was 362 ± 145 
ppm x m, but no comparison for this phenotype can be found in the literature.  
 
Table 1: Descriptive statistics of the CH₄ phenotypes measured with the laser methane 
detector (n = 1,660). 

phenotype1 unit mean SD2 min.3 max.4 
      

pmean ppm x m 120 58 21 408 
emean ppm x m 362 145 69 1,074 
eME g/d 288 129 47 974 

1 phenotype: pmean = mean of all peaks,  emean = mean of the maxima of the eructation events,  
  eME = estimation of the daily CH₄ emission 
2  SD: standard deviation 
3  min.: minimum 
4  max.: maximum 

 
The genetic analyses showed differences between the “single” and the “mean” analysis 

(table 2). For the “single” profiles estimates of heritability (h²) were lower (0.05-0.08) than for 
the “mean” profiles, which had moderate h² (0.08-0.28). SE were also lower for the “single” 
profiles. The phenotype emean always had the lowest h², but a high SE. This might indicate 
that emean is not appropriate for genetic analyses. eME had the highest h², which might be 



traced back to the extra variable (bodyweight which was included) in the prediction equation 
for eME. 

Heritability estimates were in a range with other studies which presented data from on-
farm CH₄ measurements. Higher h² (0.25-0.35) were estimated for CH₄ emissions from 
prediction equations based on dry matter intake (DMI) data or mid infrared spectroscopy data 
(Haas et al. 2011; Kandel et al. 2017). Lassen & Løvendahl (2016) found an estimate of h² of 
0.21 with the “sniffer” breath analyzer. The only study about the LMD published in the 
literature showed a low h² and a high SE (0.05 ± 0.07), which is comparable with the phenotype 
emean. 
 
Table 2: Genetic parameters for the CH₄ phenotypes measured with the laser methane 
detector. 

     variance components5 

model 1 phenotype 2 h² 3 SE 4  𝜎   𝜎  𝝈𝟐  

        

single 

pmean 

emean 

eME 
 

0.07 

0.05 

0.08 
 

0.03 

0.06 

0.03 
 

 131 

723 

757 
 

1,746 

12,588 

8,712 
 

1,877 

13,774 

9,470 
 

mean 

pmean 0.23 0.14  218  719 936 

emean 0.08 0.13  561 6,419 6,979 

eME 0.28 0.15  1,310 3,378 4,689 
1 model: single = repeatability model, mean = animal model  
2 phenotype: pmean = mean of all peaks,  emean = mean of the maxima of the eructation events,  
  eME = estimation of the daily CH₄ emission 
3 h²: heritability 
4 SE: standard error 
5 variance components: 𝝈𝒂

𝟐 = animal variance, 𝝈𝒆
𝟐 = residual variance, 𝝈𝒑

𝟐 = phenotypic variance 

 
A further analysis of the phenotypic and genetic correlation revealed a high relationship 

between the phenotypes (table 3). The correlation between pmean and emean was very high 
(0.83-0.95) since theses phenotypes were derived from different subsets of data points in one 
profile. Correlations between those two phenotypes and eME were lower (0.70-0.92) which can 
be explained by the additional variables bodyweight and number of respiratory cycles used in 
the calculation of eME.  
 
Table 3: Estimate of heritability (diagonal, bold), phenotypic correlation (below diagonal) 
and genetic correlation (above diagonal) for CH₄ phenotypes measured with the laser 
methane detector based on single measurement and mean measurement. 

model1 single  mean 
phenotype2 pmean emean eME  pmean emean eME 

        
pmean 0.05 0.91 0.77  0.18 0.95 0.83 
emean 0.83 0.04 0.70  0.85 0.08 0.78 
eME 0.92 0.77 0.08  0.87 0.76 0.18 

1 model: single = repeatability model, mean = animal model 

2 phenotype: pmean = mean of all peaks,  emean = mean of the maxima of the eructation events, 
  eME = estimation of the daily CH₄ emission 



Conclusion 

Genetic analysis of large scale CH₄ data from cows can be derived with LMD for measurements 
obtained on-farm. Due to the lower h2 and higher SE, we conclude that emean appears to be 
less suitable for genetic selection than pmean. Moreover the “mean” profiles showed higher h², 
but also increased SE in comparison to the “single” analyses. Therefore, repeated measurements 
should be preferred over average values. It is possible that a data set with more animals included 
would also lead to lower SE. ECM was included in the model because it has a great influence 
on CH₄ production and the goal of genetic selection on CH4  is to identify cows which emit less 
CH4 at the same production level. Another possibility to consider important impact factors for 
CH₄ could be to study ratio traits like CH₄ intensity (g CH₄/kg milk) or CH₄ yield (g CH₄/kg 
DMI). In this study, the aim was to explore the potential of the LMD to measure CH4 from 
dairy cows for genetic selection. In subsequent studies with the LMD the suitability of ratio 
traits could be investigated. Based on our findings, the proper phenotype for genetic selection 
should be chosen carefully, and further research on the best phenotype as measured with the 
LMD is required.  
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