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Introduction 

Cattle and other ruminants are major sources of atmospheric methane (CH4) contributing to 

anthropogenic greenhouse gas emissions. In dairy herds, enteric CH₄ output shows consistent 

inter-animal variability; a non-negligible proportion of this variation is attributable to genetic 

differences, making mitigation through selective breeding feasible (van Breukelen et al., 2019; 

Richardson et al., 2025). Accordingly, combining complementary strategies, including 

nutritional management, improvements in animal health and efficiency, and genetic selection, 

offers opportunities to reduce emissions while maintaining productivity. While management 

and feeding can reduce emissions at the herd level, repeated measurements at the individual-

cow level can also be incorporated into selection indices, enabling genetic evaluations aimed 

at breeding dairy cows with lower CH₄ emissions (Oliveira et al., 2024). Enteric CH₄ emissions 

are influenced by multiple factors; these drivers also affect milk yield and milk composition. 

From a production-efficiency standpoint, CH₄ represents an energetic loss of approximately 3-

10% of gross energy intake, and feed is the main cost item in dairy production; therefore, 

reducing CH₄ is relevant not only for environmental sustainability but also for herd 

profitability. This topic is particularly important in Emilia-Romagna (Italy), a region with a 

strong dairy specialization and a high concentration of herds producing milk destined for 

Parmigiano Reggiano PDO (PR) production. Several authors have hypothesized the 

relationship between CH4 emissions and milk composition because hydrogen and volatile fatty 

acids generated during rumen fermentation are involved both in methanogenesis and in 

metabolic pathways contributing to the synthesis of short- and medium-chain fatty acids in 

milk (Youngmark & Kraft, 2025). Therefore, breeding for lower CH₄ emissions, while 

safeguarding milk quality and processing performance, requires large-scale, repeated 

phenotyping of individual animals. Multiple phenotyping approaches exist, each with specific 

strengths and limitations. Using sniffer-derived traits, published heritability estimates for CH₄ 

concentration (ppm) range from 0.11 ±0.002 to 0.32 ±0.003, supporting the potential for 

genetic selection on these measurements. The specific objective of this pilot study was to 

evaluate whether genetic predisposition to reduced enteric methane emissions is related to milk 

quality/composition, coagulation traits, and cheesemaking efficiency, with the goal of 

supporting mitigation strategies compatible with the PR production chain. 

 

Materials & Methods 

This pilot study was conducted as part of the CowMeTec project. A total of 155 primiparous 

Holstein Friesian cows were sampled across two herds located in Emilia-Romagna (Italy), each 
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equipped with two AMS. For each cow, a nasal swab or tissue sample (TSU) was collected for 

subsequent genotyping.  

 

Milk composition, minerals, udder health characteristics, and fat globule size. Milk gross 

composition was analysed using a MilkoScanFT3 (Foss Electric A/S, Hillerød, Denmark). 

Milk mineral concentrations (Ca, P, Na, K, Mg, S, and Cl) were quantified by wavelength 

(WDXRF; S6 Jaguar, Bruker, Corporation, Billerica, MA). Udder health–related traits were 

assessed through somatic cell count (SCC) and differential somatic cell count (DSCC). SCC 

was expressed as somatic cell score (SCS), and both SCC and DSCC were measured with a 

Fossomatic 7DC analyser (Foss Electric, Hillerød, Denmark). The distribution and size of the 

MFG (Milk Fat Globules) was measured using a Mastersiser 3000 laser particle size analyser 

(Malvern Instruments Ltd., Malvern, United Kinkdom), which allowed us to calculate the 

volume-weighted mean diameter (D [4,3]) expressed in μm, surface-weighted mean diameter (D 

[3,2]) expressed in μm, specific surface area (SSA) expressed in m²/kg, and distribution 

variability of fat globules (Span). 

 

Coagulation properties and cheese-making efficiency. Cheese-making efficiency was 

assessed according to the 9-mL milk model (9-milca) protocol described by Cipolat-Gotet et 

al. (2016), which allowed the measurement of RCT (time interval between the addition of 

rennet and gel formation) and a30 (curd firmness 30 minutes after the addition of rennet), %REC 

(recovery of milk components in the curd; fat, protein, total solids and energy), and %CY 

[calculated as the weight of fresh curd relative to the weight of milk processed (%CYCURD) and 

partitioned into total solids yield (%CYSOLIDS) and water yield (%CYWATER)]. For each cow, 

measurements were performed in duplicate. 

 

Genomic characterization. Genomic characterization involved DNA extraction and 

genotyping with a 70K SNP chip, followed by imputation and prediction of genomic breeding 

values (GEBV) for Methane Production (MP) and Methane Efficiency (ME) following 

Lactanet’s routine genomic evaluation framework (Oliveira et al., 2024). The ME genomic 

evaluation predicts GEBVs for milk, fat, protein, and MP. ME represents the genetic 

component of MP that is independent of milk, fat, and protein yields. GEBV for MP and ME 

were standardized to relative breeding values (RBV) with a mean of 100 and SD of 5. In the 

present analysis, a high RBV indicates high CH₄ emissions, while a low RBV indicates CH₄ 

emissions.. Based on their RBV for MP, animals were then clustered into three genetic 

categories: Low (<-1 SD from the mean), Medium (-1 SD to 1 SD from the mean), and High 

emitters (>1 SD from the mean).  

 

Statistical analysis of data. The following linear model was applied: 

 Yijklm = μ + Genetic Categoryi + Parityj + DIMClassk + Herdl + εijklm, 

where Yijklm is the observed milk composition, minerals, udder health characteristics, fat globule 

size, coagulation properties and cheese-making efficiency of mth cow; μ is the overall mean; 

Genetic Categoryi is the fixed effect of ith genetic category (Low, Medium, High); Parityj is 

the fixed effect of jth Parity class (1;>2); DIMClassk is the fixed effect of kth DIM class (<100, 

100–200,>200 days); Herd is the fixed effect of the lth Herd class (A; B) and εijklm is the 

residual error associated with the observed trait of mth cow.  Significance of model terms was 

evaluated using F-tests. Robustness of the results was assessed via a nonparametric bootstrap 

performed at the observation level within each trait. For each trait, 𝐵 = 2,000 bootstrap 

resamples were generated by sampling rows with replacement, and the same model was refitted 

to each resample. For each model term, the bootstrap distribution of the F statistic was 

summarized by its mean and by the empirical 2.5th and 97.5th percentiles (95% bootstrap 
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confidence interval). P-values were also summarized across resamples, and a stability metric 

was computed as the proportion of bootstrap fits in which the term met the significance 

criterion (𝑝 < 0.10). Least-squares means (estimated marginal means) for Genetic Category 

were computed from the fitted models and planned contrast was specified to compare Genetic 

Category level Low with the average of levels Medium and High, using contrast weights 

1, −0.5, −0.5 (i.e., 𝜇1 − (𝜇2 + 𝜇3)/2). The contrast estimate and its uncertainty were 

summarized using model-based standard errors and, in addition, by bootstrap: the planned 

contrast was recalculated for each bootstrap refit and an empirical 95% confidence interval was 

obtained from the 2.5th and 97.5th percentiles of the bootstrap contrast distribution. All 

statistical analyses were conducted using R software (Version 4.1.3). 
 

Results & Discussion 

In the present study, milk fat and casein contents were 3.62 ±0.63% and 2.86 ±0.31%, 

respectively. Coagulation traits showed a RCT of 22.32 ±4.20 min and a30 of 24.45 ± 3.04 mm, 

consistent with the technological profile generally described for Holstein Friesian. Cheese-

making performance averaged 15.92 ±2.28% for %CYCURD, comprising 6.77 ±1.17% total 

solids and 9.14 ±1.59% water. %REC for protein, fat and total solids averaged 75.96 ±3.89%, 

84.25 ±8.41%, and 50.98 ±5.03%, respectively. 

The parametric bootstrap test indicated that the genetic category for MP significantly affected, 

among the others, casein content, casein index, and %CYCURD (Figure 1). Cows in the low-

emission category showed higher casein (2.98 ± 0.06%), a higher casein index (80.61 ± 0.22%), 

and a higher %CYCURD (16.73 ± 0.36%) compared with the other categories (Fig. 1). Planned 

contrasts showed that genetic category Low was higher than the average of classes Medium 

and High by 0.11 ±0.06 for casein, 0.51 ±0.39 for %CYCURD, and 0.25 ±0.16 for the casein 

index.  

 

 
Figure 1. Casein (%), casein index (%), and curd yield (CYCURD, %) in dairy cows grouped by 

genetic category for methane production: Low-, Medium and High-emission cows. Data are 

expressed as mean ± standard error. 

 

These results are relevant because casein is the main milk protein fraction driving cheese-

making efficiency. The higher casein index observed in low-CH₄ cows indicates a greater 

proportion of casein within total milk protein, suggesting that the protein synthesized and 

secreted into milk is more favourably “oriented” toward cheese-making. This implies greater 

efficiency of the production system, because the resources invested by the producers translate 

into a milk protein profile with a higher cheese-making value. A plausible biological 

interpretation is that reduced ruminal methanogenesis may decrease energy losses associated 

with fermentation, potentially improving the efficiency of energy and nitrogen utilization for 

microbial protein synthesis and, the availability of nutrients for milk protein secretion (Cuervo 
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et al., 2025). In this scenario, lower-CH₄ cows may allocate more usable energy to productive 

pathways, which contribute to the observed increase in casein content and, consequently, to 

the higher %CYCURD. Moreover, the higher %CYWATER is compatible with enhanced %REC 

for protein, as a stronger or more abundant casein network can retain more moisture within the 

gel. At the same time, the concurrent increase in %CYSOLIDS indicates that the improvement is 

not merely a dilution effect but reflects a real enhancement in the amount of cheese-relevant 

material transferred from milk to curd. Because water retention can also be influenced by 

gelation dynamics and cutting conditions, these aspects warrant further investigation. Because 

curd moisture can be affected by both gelation kinetics and cutting time, this result should be 

interpreted with caution. A subset of cows showed a delayed gel formation (9.68 % of delayed 

RCT), which led to an earlier curd cutting relative to the actual gel strength achieved, likely 

increasing water entrapment and, consequently, curd moisture retention. 

 

Conclusions 

In this pilot study, Holstein cows classified genetically as low CH₄ emitters exhibited higher 

casein content, a higher casein index, and higher curd yield. Overall, these findings point to a 

potential link between methane emission potential and milk protein partitioning with effects 

on technological performance. This relationship should be validated in larger and longitudinal 

populations, ideally under on-farm conditions representative of the Parmigiano Reggiano PDO 

production system 
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