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Introduction 
In the context of climate change, methane (CH4) emissions represent 18% of the anthropogenic 

global greenhouse gases (GHG) (IPCC, 2022). Atmospheric CH4 ranks as the second most 

significant anthropogenic GHG, and its warming potential is approximately 28 times higher 

than carbon dioxide (CO2) (Myhre et al., 2013). CH4 emissions from livestock, mainly due to 

enteric fermentation in ruminants, are a major global concern because they account for 5% of 

global anthropogenic GHG emissions, and 23% of Agriculture, Forestry and Other Land Uses 

(IPCC, 2022). Consequently, several initiatives aimed at mitigating emissions have been 

proposed, most of them focused on dietary changes or breeding. Breeding is considered a 

valuable strategy, not only because CH4 traits have been shown to be heritable, but also because 

the results of animal selection are cumulative and last over time (Manzanilla-Pech et al., 2020). 

So, several breeding strategies focused on identifying and selecting lower‑emitter animals have 

been proposed (Palangi et al., 2022). In this context, the objective of this study was to identify 

systematic factors influencing CH4-related traits and to estimate CH4 genetic parameters in two 

native Spanish dairy sheep breeds, Manchega (MNG) and Latxa (LTX). These breeds are raised 

under different productive systems, with distinct livestock management practices. The results 

obtained will contribute to identifying some of the factors that influence CH4 emission, as well 

as to evaluating the feasibility of incorporating some CH4 traits into their breeding programs. 

 

Materials & Methods 

Experimental Design. CH4 measurements were obtained from a total of 240 lactating dairy 

ewes (96 MNG, AGRAMA-IRIAF farm, Valdepeñas and 144 LTX, NEIKER-BRTA farm, 

Vitoria-Gasteiz, in Spain) raised on two experimental farms. High-producing ewes were 

selected for the study. Ewe lambs were avoided for better handling, and measurements started 

coinciding with peak lactation. CH4 and CO2 concentrations were recorded directly from the 

sheep's nostrils using a sniffer gas recording device, specifically the nondispersive infrared CH4 

sensor (Guardian NG, Edinburgh Instruments Ltd., Livingston, UK) (Manzanilla-Pech et al., 

2020). According to Edinburgh Sensors (n.d.), the Guardian NG monitor provides an accuracy 

of ±2% of full scale. These sniffers were calibrated before data collection using certified gas 

cylinders provided by MESA Specialty Gases and Equipment, Inc. A zero-point calibration was 

performed using high-purity nitrogen (99.998%), followed by a span calibration using a 1% 

CH4 standard gas. Data were collected for a period of 5 to 10 minutes, three measurements per 

ewe per week, one week a month, during four months in 2024 and 2025. All data were recorded 

one week prior to the official milk recording. Regarding the experimental animals, the same 

LTX ewes were phenotyped across both years, whereas different batches of animals were taken 
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in MNG. Along with CH4 data, age, lambing number, body weight (BW), lactation stage, milk 

yield (MY; kg/day), and fat and protein content (%) were recorded monthly for all ewes. 

Data. CH4 concentration (CH4 ppm), production (CH4 g/day), intensity (CH4 g/l), and CH4/CO4 

ratio were used as phenotypes, which were expressed on a weekly basis. CH4 concentration was 

recorded in ppm by the sniffer. CH4 production was estimated based on Madsen estimations: 

𝐸𝐶𝑀(𝑘𝑔) = 0.25 ∙ 𝑀𝑌 + 12.2 ∙ 𝐹𝑌 + 7.7 ∙ 𝑃𝑌 (Sjaunja et al. , 1990) (1) 

𝐻𝑃𝑈 =
[6.4 ∙ 𝐵𝑊0.75 + 33 ∙ 𝐸𝐶𝑀 + 2.4 ∙ 10−5 × 𝐺𝐸𝑆𝑇3]

1000
 (Pedersen and Sallvik, 2002)(2) 

𝐶𝑂2(𝑙 𝑑𝑎𝑦⁄ ) = 𝐻𝑃𝑈 × 160 × 24 (Pedersen et al. , 2008) (3) 

𝐶𝐻4(𝑔 𝑑𝑎𝑦⁄ ) = 𝐶𝑂2(𝑙 𝑑𝑎𝑦⁄ ) ×
𝐶𝐻4(𝑝𝑝𝑚)

𝐶𝑂2(𝑝𝑝𝑚)
× 0.714 (Madsen et al. , 2010) (4) 

where ECM stands for energy corrected milk, HPU is heat producing units, FY and PY are fat 

and protein yields (Kg), GEST is days pregnant. 

CH4 intensity is the relation between CH4 production and MY, and the CH4/CO2 ratio is the 

relation between these gases in ppm units.  

Pedigree information was provided by breeders’ associations. Genomic information from all 

the phenotyped animals was included, based on mid-density SNP array (50K, Affymetrix 

Axiom Ovine Genotyping Array). 

Statistical analyses. Variance components were estimated using a REML approach with the 

BLUPF90+ software (Misztal et al. 2002). CH4 phenotypes used were weekly averages. For 

that, factors affecting daily measurements, such us the time at which CH4 was recorded, the 

equipment and the technician were corrected before the average calculation. Model use for 

variances component estimation was: 

𝑦𝑖𝑗𝑘𝑙𝑚𝑛 = 𝐶𝐺𝑖 + 𝑃𝐴𝑗 + 𝐷𝐼𝑀𝑘 + 𝑀𝑌𝑙 + 𝑎𝑚 + 𝑝𝑒𝑛 + 𝜀𝑖𝑗𝑘𝑙𝑚𝑛 (5) 

where, y was the CH4 trait, the contemporary group (CG) accounting for management, feeding 

and other systematic effects was the month in MNG and the combination of year-feeding type 

in LTX, PA was the combination of parity number and age of the ewe, DIM was the stage of 

lactation (days from parity to CH4 record), MY was the milk yield in the closet test-day record 

(one week after CH4 recording), a was the random genetic additive effect, pe the permanent 

environment random effect and e the error term. 

 

Results & Discussion 
A total of 1,104 and 1,017 monthly CH4 measurements were recorded in MNG and LTX, 

respectively. Descriptive statistics for CH4 traits are presented in Table 1. In general, phenotypic 

means in MNG were comparable to those obtained in LTX, except for concentration, which 

was substantially higher in LTX. Analysis of possible relevant variables affecting the CH4 

measures revealed that the year of measurement, combination of parity number and age of the 

ewe, feeding type (indoor or grazing), and lactation stage influenced CH4 traits, so they were 

considered in the genetic parameter estimation models.  

Genetic parameters estimates are shown in Table 2. Overall, heritability and repeatability 

estimates were low to moderate across traits and breeds. LTX breed showed higher methane 

production and intensity estimates, whereas both breeds exhibited similar estimates of methane 

concentration and CH4/CO2 ratio. Additionally, heritabilities for production and intensity in the 

LTX breed, as well as for the ratio in both breeds, were significantly greater than zero. 

Furthermore, higher repeatability estimates in LTX suggest stable individual expression of 

methane-related traits throughout and between lactations, likely due to repeated measurements 



 3 

throughout the production cycle. These results are consistent with the literature on sheep 

(Paganoni et al., 2017; Ghavi Hossein-Zadeh, 2023; Pineda-Quiroga, 2023) and support the 

potential integration of CH4-related traits into dairy sheep breeding programs. 
 

Table 1. Descriptive statistics for CH4 traits. Mean values ± Standard Deviation (SD) and range 

between quantile 10 and 90 (Q10 - Q90). 

 MNG LTX 

CH4 traits Mean ± SD (Q10 - Q90) Mean ± SD (Q10 - Q90) 

Concentration (CH4 ppm)  472.8±254.1        177.8-812.8    1339.5±499.2   710.4-2017.4 

Production (CH4 g/d) 51.50±16.79 32.23-73.14 55.35±15.24 37.51-75.76 

Intensity (CH4 g/l) 27.38±15.32 12.55-44.11 28.07±9.40 17.07-40.96 

CH4/CO2 ratio 0.08±0.02 0.05-0.10 0.09±0.02   0.06-0.11 

 

Table 2. Genetic parameters for CH4 traits. Heritability (h2) and repeatability (r) ± standard 

deviation (SD). 

 

CH4 traits 

MNG LTX 

h2 ± SD r ± SD h2 ± SD r ± SD 

Concentration (CH4 ppm) 0.04 ± 0.08 0.13 ± 0.05 0.05 ± 0.05 0.18 ± 0.03 

Production (CH4 g/d) 0.08 ± 0.08 0.15 ± 0.01 0.12 ± 0.07 0.21 ± 0.04 

Intensity (CH4 g/l) 0.06 ± 0.08 0.08 ± 0.05 0.12 ± 0.06 0.15 ± 0.03 

CH4/CO2 ratio 0.08 ± 0.06 0.13 ± 0.03 0.08 ± 0.06 0.18 ± 0.06 

 

Conclusions 

These preliminary results indicate that CH4 emission is under low/medium additive genetic 

control, with heritability and repeatability estimates varying depending on the phenotype and 

breed. These estimates are comparable to those reported in sheep and even in cattle. The 

estimates obtained will allow to assess the feasibility of including methane emission mitigation 

as a potential breeding objective. Further studies will be necessary to determine the genetic 

correlations between CH4 traits and traits of economic interest in the breeding programs for 

these two breeds. Currently, data collection and the calculation of additional phenotypes are 

being performed in both breeds with the aim of expanding the range of traits, identifying those 

most consistent with the literature, and in other to improve the accuracy of genetic parameter 

estimates.  
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