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Introduction

Methane (CH4) emissions from ruminant livestock have been identified as a major contributor
to global greenhouse gas emissions (Moss et al., 2000). Reducing enteric CH4 emissions
through genetic selection is a promising long-term strategy (Pickering et al., 2015; de Haas et
al.,2021). In line with this, CRV publishes CH4 breeding values (BV) for Holstein dairy cattle
in the Netherlands since April 2025, where higher BV are desired, as they indicate a lower CH4
emission. Dutch BV are published on a relative scale with a population average of 100 and a
standard deviation (SD) of 4, where 1 BV point equals 9 grams methane per cow per day
(Cooperatie CRV, 2025a). These BV are derived from large-scale sniffer measurements on CH4
concentrations (parts per million, ppm) and on a smaller scale from GreenFeed (C-lock inc.)
measurements on CHy production (g/day) (Codperatie CRV, 2025b). For a good adoption of
the CH4 BV by farmers, it is important to prove that cows with high BV for CHy really emit
less CHa. Therefore, a validation study is currently being carried out to evaluate the relationship
between published BV and actual CHs4 emissions measured under commercial dairy farm
conditions (September 2025-June 2026).

Materials & Methods

This study will be conducted on, in total, 15 commercial dairy farms, each equipped with a
GreenFeed system for six weeks. The measurement protocol consisted of one week for system
installation, followed by two weeks for cow adaptation, two weeks of data collection, and one
week for deinstallation and cleaning. At the time of analysis data of six farms was collected.
On each farm, up to 50 cows were selected based on (1) the reliability of their CH4 BV, which
ranged from 28% to 51%, and (2) their availability during the measurement period. Cows could
freely visit the GreenFeed system and were rewarded with concentrates upon each visit. Only
cows with at least 20 valid CH4 measurements, each with a minimum duration of at least two
minutes, were kept. For each cow, measurements were averaged over the two-week data
collection period to obtain an estimate of average daily CH4 emission (g/d).
At the time of analysis, the GreenFeed data had not yet been finalized by C-Lock. For three of
the six farms, at least 10% to 33% of measurements within the data collection period require
post-processing adjustments due to insufficient airflow. These farms were therefore excluded
from the present analysis, resulting in a final dataset comprising three farms.
Average daily CH4 emissions were analyzed using a linear mixed-effects model. Fixed effects
included the EBV for CH4 emissions and the categorical parity of the cows, divided into parity
1, 2, and 3+. Farm was included as a random effect, to account for systematic differences
between measurement locations.
The model was specified as:

CH4ij = ﬂO + ﬂlEBVS + Parl-j + 'U,j + Eij (1)
With

w ~ N(0,0iq)) and g;; ~ N(0,0%) (2)
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CHaj is the average daily CH4 emission of animal 1 on farm j, Bo is the intercept, i is the
regression coefficient for the EBV for CHs emission, Par;j is the categorical parity of animal 1
on farm j, u; is the random effect of farm j, and &;jj is the residual error term,

To estimate the genetic correlation between CHs EBV and average daily CH4 emissions, the
Calo correction (Blanchard et al., 1983) was applied:

VEbIE D) r(EBV, CH,) 3)

Paar = Y bibr;
b; is the assumed reliability of the daily CH4 emission phenotype, set to 0.40 based on expected
reliabilities reported by van Breukelen et al. (2022), b’ is the reliability of the CH4 EBYV, and
r(EBV, CHy) is the Pearson correlation between CH4 EBV and daily CH4 emissions.
In addition, for each individual farm, a linear regression of CH4 EBV on average daily CH4
emissions was performed to assess within farm associations.

Results

At the time of analysis, preliminary data from three of the 15 farms were available, comprising
a total of 54 Holstein cows. For each farm, Pearson correlations were calculated between two-
week average CH4 emissions measured using the GreenFeed system and the published CH4
EBV. Correlations were assessed both within and across farms.

Descriptive statistics per farm are presented in Table 1. Across farms, the mean EBV was close
to 100. The largest EBV range was observed in farm 2 (95 - 106) and the smallest range was
observed on farm 3 (98 - 101). Mean EBYV reliabilities ranged from 41% to 47%. Average daily
CH4 emissions differed between farms, ranging from 316 to 444 g/d. Within farm Pearson
correlations between CH4 EBV and measured CH4 emissions were negative on all three farms,
ranging from -0.27 to -0.45. Similarly, the regression coefficients relating CHs EBV to
measured CH4 emissions were negative on all farms, ranging from -6.3 to -11.2 g/d per EBV
unit.

Table 1. Number of cows per farm, the average estimated breeding values (EBV; minimum -
maximum), EBV reliability (%) and average daily CH4 emissions (CH4, g/d), Pearson
correlations between EBV and average daily CHs4 emissions, and regression coefficients
relating EBV to average daily CH4 emissions (g/d per EBV unit)

Farm
1 2 3
N cows 23 23 8
EBV 99 100 99
(92 - 104) (95 - 106) (98 - 101)
Reliability 41 (32-49) 44 (39-51) 47 (45-51)
CH4 316 (214 - 406) 402 (272 - 501) 444 (386 - 533)
Pearson correlation -0.45 -0.35 -0.27
Regression coefficient -6.3 -7.3 -11.2

Results from the linear mixed-effects model (Eq. 1) showed a significant desired association
between CH4 EBV and measured CH4 emissions. This association indicated that cows with
genetically lower CHs4 emissions, thereby a higher CHs EBYV, also emit less CH4 across farms.
The estimated intercept was 364 g/d, representing the expected CH4 emission of a cow with an
average EBV. The estimated regression coefficient for EBV was -7.6 g/d per EBV unit.

After correcting CH4 emissions for farm-specific effects, the overall Pearson correlation across
all farms was -0.33. The estimated genetic correlation across all farms (Eq. 3) was -0.79, based
on an average EBV reliability of 0.43.
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Figure 1. Estimated breeding values (EBV) plotted against average methane (CHs) emissions
(g/d) per cow, corrected for farm-specific effects, the red line represents the trendline. Top and
bottom 20% of animals based on EBV and average CH4 emissions are indicated by black lines.

Figure 1 shows the relationship between CHs EBV and average daily CH4 emissions per cow,
corrected for farm-specific effects. After correction, emissions were comparable across farms
and no clear clustering by farm was observed. As shown in Table 1, emissions on farm 1 were
generally lower than those on farms 2 and 3. Because no prior selection for CH4 emissions had
taken place, the variation in EBV was limited, with most cows having EBV between 98 and
102. Despite this narrow range, a consistent negative trend in CHs emissions with increasing
EBV was observed across cows, as indicated by the red trendline.

Horizontal black lines represent the cut-off point for the top 20% (top left) and bottom 20%
(bottom right) of cows based on average daily CH4 emissions (N = 11 cows per group). The
vertical black lines represent the cut-off point for the top 20% (bottom right) and bottom 20%
(top left) of cows based on EBV. Cows in the bottom right block represent individuals with
both high EBV and low average daily CH4 emission and vice versa for the top left block.
Selecting the 20% of cows with the highest EBV results in a 27% probability of also selecting
cows from the group with the lowest 20% of average daily CH4 emissions.

Discussion

Despite the moderate reliabilities of the CHs EBVs, correlations between EBV and measured
CHa4 emissions were consistently negative across farms. The overall Pearson correlation across
all farms was -0.33, while the estimated genetic correlation was -0.79. The difference between
the estimated genetic correlation and the Pearson correlation may be attributed to the fact that
the genetic correlation estimate incorporates the reliability of the average daily CH4 emissions,
which was assumed to be 0.40 for all records. This is a simplification and may overestimate
the true reliability.

On farm 3, only eight cows met the requirement of having at least 20 valid GreenFeed
measurements to calculate the average daily CH4 emissions. This was caused by technical
issues with one of the RFID readers, which prevented cows from being recognized when
visiting the GreenFeed and receiving concentrates. Even after replacement of the RFID reader,
the system remained slow to identify cows. This likely discouraged repeated visits and thereby
reduced the effective sample size. The limited number of animals included on this farm likely



contributed to the increased uncertainty and reduced strength of the observed overall Pearson
correlation.

The applied linear mixed-effects modelling approach allowed estimation of the overall
phenotypic—genetic association between CHs4 EBV and measured CHs emissions while
appropriately accounting for heterogeneity between farms and differences in parity amongst
cows. The estimated regression coefficient of -7.6 g/d per EBV point indicates a clear genetic
signal in phenotypic CH4 emissions. This effect is slightly smaller than the reduction of -9 g/d
per EBV point reported by CRV (Codperatie CRV, 2025b), which is likely due to the
preliminary nature of the dataset, comprising only three farms, and to the simpler model applied
in this study. Additional covariates, such as days in milk and age of calving, were not available
for all cows and could not be included in the model.

The current dataset includes 54 cows from three farms. Once this study is completed, the
dataset is expected to include approximately 450 cows across 15 farms. We anticipate that the
additional data, combined with finalization of the dataset and inclusion of additional covariates,
will improve the precision and reliability of the estimated correlations and effects.

Conclusion

These preliminary results provide strong indication that, within a farm, cows with higher CHy4
BV emit less CH4 than cows with lower CHs BV. Based on the data from three farms, a
difference of 1 EBV point corresponds to an approximate difference of -7.6 g/d in CHas
emissions. These findings support the validity of the CH4 BV and will hopefully improve the
acceptance and adoption of these (and the mitigation index) by farmers. When farmers actively
select cows based on the CH4 BV, genetic selection becomes an effective mitigation strategy
to reduce the environmental footprint of livestock, as it is cost-effective, permanent and
cumulative over generations.
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