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Introduction

Enteric methane (CH4) from ruminants is a major greenhouse gas. Genetic selection offers a
permanent and cumulative mitigation strategy, but thousands of accurately phenotyped animals
are needed for robust evaluations and large-scale phenotyping remains a major obstacle to the
development of breeding programs (de Haas et al, 2021; Manzanilla-Pech et al., 2021).
Current CH4 measurement techniques differ in ease of use, precision, throughput and cost. The
gold standard, respiration chambers, are not a feasible option for large-scale phenotyping, so
alternatives including GreenFeed (GF) monitoring units, sulphur hexafluoride (SFe) tracer
method, and sniffers have been utilised for large scale phenotyping globally (Bilton ef al.,
2025; Manzanilla-Pech et al., 2021). It is important to understand the genetic relationships
between CH4 measurements using different methods so that data from multiple sources can be
integrated for genetic evaluations. Portable accumulation chambers (PAC) offer a rapid, lower-
cost, higher-throughput alternative. PAC have been widely used for phenotyping sheep in New
Zealand (Bilton et al., 2025; Archer et al., 2024). Moderate to high genetic correlations have
been reported between PAC and respiration chambers in sheep, supporting their potential for
large-scale use (Robinson et al., 2020). However, validation in cattle is required. The
objectives of this study were to investigate the relationship between methane production
measured in GreenFeed units and in PAC, to estimate the phenotypic and genetic correlations
between CHa emissions measured using GF and PAC units, and to assess the suitability of PAC
measurements for ranking animals in genetic evaluations.

Materials & Methods
Approval for animal experiments was obtained from the AgResearch Animal Ethics committee
(approval numbers #606 and #2354).

Experimental design. This study used dairy heifers sired by bulls with divergent methane
emissions based on methane estimated breeding values adjusted for dry matter intake
(metEBV). Full details of sire selection, animal management, and experimental design are
described by Spaans et al. (2025). Methane emissions from 397 heifers (6 to 15 mo) were
measured using GF units across four trial rounds during participation in an indoor feeding trial
for 39 days, with the first 7 days used as an acclimation period.

Portable accumulation chambers were used as an independent measurement system during
weeks 4 and 6 of the trial (week 6 only for round 1). The PAC measurements were conducted
over 3 to 4 days, with animals assigned to each measurement lot depending on sire methane
group and breed with balanced sire and breed grouping within each lot. Animals were removed
from feed one hour prior to PAC measurement and remained in the chamber for 45 minutes.
CH4 (ppm), carbon dioxide (CO2, %), oxygen (O2, %), chamber temperature (°C), ambient
temperature (°C), and air pressure were recorded at the start of each measurement. Gas
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concentrations were measured at 25 and 45 minutes using an Eagle handheld gas analyser
(Eagle 2 Gas analyser RKI Instrument). CHs and CO; were converted to L/day, then g/day
using established conversion equations presented in Rodrigues et al. (2024).

Data preparation. GreenFeed records were filtered to remove negative gas measurements,
animals with insufficient measurements (20 non-negative gas measurements), and animals
without GF measurements in both weeks 4 and 6, which resulted in the exclusion of 5 animals.
Multivariate outlier detection was applied using Mahalanobis distance, incorporating CHa, CO»
and hydrogen (Hz) production (g/day), resulting in the removal of 516 observations (1.1%)
(Ghorbani, 2019). GreenFeed measurements were expressed as weekly averages to align with
PAC measurements. Final paired GreenFeed and PAC datasets included records for 392
heifers.

Statistical analysis. CH4 production measured using GF and PAC was first adjusted using
separate linear mixed models to account for method-specific environmental and management
effects. Fixed effects included contemporary group (week x pen), age (days), breed proportions
(Holstein, Friesian and Jersey), and heterosis terms, with animal fitted as a random intercept to
account for repeated measures. The same contemporary group was used for both methods. Per-
animal adjusted mean CH4 production was obtained for each method.

Comparison of animal adjusted mean CH4 production between the methods was performed
using a mixed model including measurement method as a fixed effect and animal as a random
effect, with estimated marginal means used to quantify mean bias. Agreement between
methods was evaluated using Pearson’s correlation, Spearman’s rank correlation, and linear
regression. Limits of agreement (LoA) were calculated as the mean difference £1.96 standard
deviations, representing the interval within which 95% of individual animal differences
between methods are expected to lie.

Genetic analysis. Genetic parameters for CH4 production and the genetic correlation between
methods were estimated using a bivariate animal model with repeated measures using
ASReml-R (VSN International Ltd., Hemel Hempstead, UK). Additive genetic relationships
were estimated using a pedigree-based numerator relationship matrix. Method-specific fixed
effects were fitted for GF and PAC, with age (days), breed proportions and heterosis terms
included as covariates. For GF, method-specific fixed effects comprised contemporary group
(week x pen). For PAC they included contemporary group (date x PAC measurement lot) and
chamber. Additive genetic effects were modelled using an unstructured covariance matrix,
while permanent environmental and residual effects were fitted separately for each trait.
Heritability (h?), repeatability (t), genetic correlation (rg), and phenotypic correlation (rp) were
estimated from the estimated variance components.

Results & Discussion

The least-squares means (LS-means) for CHa production measured using GF and PAC were
significantly different (182.37 + 1.15 and 150.81 £ 1.15 g/day, respectively), indicating a systematic
difference between methods, with GF CHa production measurements consistently higher than PAC.
The mean bias between GF and PAC was 31.56 + 1.32 g/day, confirming a difference in
measurement scale between methods, with GF CH4 production approximately 32 g/day (17%) higher
than PAC values. This was expected as PAC was designed for ranking animals for genetic evaluation
of methane emissions rather than for measuring absolute methane which is a known limitation of

PAC (Levrault et al., 2023).



The linear regression of GF on PAC CH4 production resulted in an intercept of 85.10, a slope of 0.64
and an R? value of 0.44, indicating a significant linear relationship between measurement methods.
The slope was lower than unity indicating scale compression of the PAC values relative to GF, and
the intercept further supports the consistent offset in CH4 production between methods.

Pearson’s and Spearman’s rank correlations were moderate to strong (r = 0.66, 95% CI: 0.61-0.72;
p =0.66, P <0.001), indicating good agreement in relative CH4 production and in animal ranking
between GF and PAC.

Estimates of variance components and heritabilities between CH4 production measured using

GF and PAC are presented in Table 1. The high SE for the permanent environmental variance

is related to the high degree of variability for methane measurements within each animal.

The heritabilities for CH4 production measured by GF and PAC were similar and moderately
strong (0.37 = 0.13 and 0.35 + 0.15, respectively). These heritability estimates are at the

higher end of the range reported in the literature (0.12 £ 0.03 to 0.36 £ 0.12) for CH4

production in lactating dairy cows measured by sniffer and GF (Lopes et al., 2024;
Manzanilla-Pech et al., 2022).

Repeatability of CH4 production in PAC (0.44 + 0.06) was lower than in GF (0.51 £0.01)

which is expected considering that PAC measurements represent single spot measurements

and GF captures several spot measurements over each 24-hour period allowing the recording

of daily variation in CHs emissions. Repeatability estimates for PAC CH4 production in this

study are slightly higher than literature values in sheep (0.33-0.39; Jonker et al., 2018) and in

beef cattle (0.35 £ 0.08; Bilton ef al., 2025). The repeatability in CH4 production in GF in this
study is at the lower range than reported in the literature (0.34 to 0.77; van Breukelen et al.,

2023) likely due to the limited number of weekly averaged records per animal.

This study is the first to report genetic correlation between CH4 production measured using GF

and PAC in dairy cattle. The genetic correlation between GF and PAC CH4 production was

high (rg = 0.69 £ 0.18), however the associated standard error was relatively large likely due

to the small sample size (392). This high genetic correlation suggests that both CH4 production

traits share common genes controlling expression, supporting the use of PAC as a high-
throughput alternative CH4 phenotyping technology to GF.

Table 1. Variance components, heritability, repeatability, genetic correlation and phenotypic
correlation (£SE) for methane production measured using GreenFeed (GF) units and portable
accumulation chambers (PAC) in dairy heifers.

Parameter! GF PAC
c% 251.5+£94.9 159.8 £74.2
o2 335.5 £29.5 257.8 £259
Gzpe 92.5+81.1 41.7 £66.6
o’ 679.4 +£48.0 459.3 +37.7
t 0.51 £0.01 0.44 £ 0.06
h? 0.37+0.13 0.35+0.15
IG 0.69 +0.18
Tp 0.25+0.04

! 5%, = additive genetic variance, 6% = residual variance, 6%,. = permanent environmental variance, 62, =
phenotypic variance, t = repeatability, h?= heritability, rg = genetic correlation, rp = phenotypic correlation.

The Pearson correlation between animal additive genetic solutions for CH4 production
measured using GF and PAC was high (r = 0.81 + 0.02), indicating strong agreement in
genetic ranking of animals between measurement systems. This consistency in animal
ranking further supports the conclusion that GF and PAC measurements capture overlapping
underlying genetic variation and produce similar rankings for CH4 production, reinforcing the



potential of PAC chambers as a low-cost, high throughput phenotyping tool for methane in
selective breeding programmes.

Conclusions

CHs production adjusted animal means measured using GF and PAC were moderately
correlated indicating a similar phenotypic ranking. The genetic correlation between GF and
PAC CHa4 and the Pearson correlation between animal genetic solutions were both positive and
strong, demonstrating consistent genetic ranking across both methods. This supports the use of
PAC as a low-cost, high-throughput phenotyping method for methane emissions in dairy cattle
breeding programmes.
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