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Introduction 
It is important to consider feed efficiency when breeding for dairy cows that emit less methane 

(CH4), as the amount of feed eaten is related to CH4 emissions. Enteric CH4 is a source of 

digestible energy loss, suggesting that more feed efficient animals would produce less CH4 

(Waghorn and Hegarty, 2011). Two key efficiency metrics are residual feed intake (RFI) and 

feed conversion efficiency (FCE), both of which incorporate dry matter intake (DMI) and 

liveweight (LW) gain to assess the amount of feed eaten that is used for growth in slightly 

different calculations. As the first metric assessed herein, RFI quantifies the difference between 

an individual’s actual DMI and predicted DMI required for maintenance and production, using 

regression methods, with low RFI animals being more efficient as they require less intake than 

their energy requirements (Berry and Crowley, 2013; Pryce et al., 2014; Waghorn and Hegarty, 

2011). The second metric, FCE, is a ratio trait that is calculated with the actual DMI and LW 

gain, to assess the conversion of nutrients consumed to the product, with high FCE animals 

being more efficient as they convert more feed to growth (Pryce et al., 2014; Smith et al., 

2021). Although similar information is used to calculate these metrics, they are different traits.  

There are conflicting reports of the relationship between CH4 production and feed efficiency 

metrics whereby, improved efficiency has resulted in reduced emissions in some studies, but 

increased emissions in others. For example, Flay et al. (2019) reported young dairy heifers of 

low RFI (i.e., improved efficiency) had greater CH4 yield than heifers of high RFI, but no 

difference in daily CH4 production between the groups. On the other hand, Hailemariam et al. 

(2021) compared groups of high and low RFI lactating Holstein cows and reported lower daily 

CH4 production for the low RFI cows and no difference in CH4 yield between groups of high 

and low RFI cows. Overall, this indicates there are complex relationships between energy 

consumed and partitioned into growth and maintenance, or lost as a waste product (i.e., CH4 

emissions). Therefore, the objective of this study was to compare the phenotypic RFI and FCE 

of growing dairy heifers with high or low CH4 yield. 

 

Materials & Methods 
Experimental Design. Approval for all animal experiments was granted by the AgResearch 

Animal Ethics committee (#15176 and #15533 for bulls and #606 and #2354 for heifers). Dairy 

heifers (n = 396) of 6 to 15 months of age were measured for DMI and LW in an indoor facility 

as part of a study on the CH4 emissions of growing heifers sired by bulls with divergent CH4 

estimated Breeding Values (metEBV; Spaans et al., 2026) which were the top and bottom 5% 

of bulls for metEBV measured to date in 2022 (n = 491). Breed of heifers were predominantly 

crosses of Holstein-Friesian and Jersey. Heifers were blocked by LW in March 2024, sire 

metEBV group, and breed, then allocated to one of four lots that were measured for 39 days 

each, with the first 7 days treated as an adaptation period. In each lot, heifers were allocated to 

one of 8 pens that were balanced for high and low metEBV sire and LW. Alfalfa hay cubes 

(Multicube Stockfeeds, Yarrawong, Vic, Australia), were offered ad libitum, with individual 

intake measured by Hokofarm RIC2Discover bins (Emmeloord, Netherlands). Methane 

emissions were measured using GreenFeed (C-Lock, Rapid City, USA), with one GreenFeed 

https://doi.org/10.31274/wcgalp.24553
https://creativecommons.org/licenses/by/4.0/
mailto:olivia.spaans@lic.co.nz


 

 

 2 

per pen. Concentrate pellets (CRV Youngstock Blend, SealesWinslow Ltd., Morrinsville, New 

Zealand) were used as an attractant in the GreenFeed units to measure CH4 emissions, with the 

daily DMI of these pellets also calculated and added to the daily DMI of alfalfa hay cubes to 

give a daily total DMI for each heifer. Liveweight was measured three times per week in the 

morning for the duration of the indoor trial. 

 

Statistical analyses. Linear regression was used to describe the relationships between the daily 

total measured DMI and day of trial, and LW and day of trial for each heifer. Subsequently, 

the respective equations were used to predict DMI and LW at the midpoint of the experimental 

period (day 20) to estimate an individual average DMI and LW, with the slope equal to the 

average daily LW gain (LWg), and the average LW used to calculate metabolic LW (LW0.75). 

The DMI predicted at the midpoint for each heifer was used as the average DMI for the RFI 

and FCE calculations. The RFI for each heifer was obtained by regression of the average DMI 

against LW0.75 and LWg, and the FCE calculated by dividing the LWg by the average DMI. 

The effect of metEBV group on each variable of RFI, FCE, DMI, LW and LWg were analysed 

by use of mixed models. In each model fixed effects of proportion of Holstein-Friesian breed 

(0 to 16) and lot (1 to 4) of the experiment the heifer was measured in, and a random effect of 

pen number (1 to 8) were included (Spaans et al., 2026). The least squares means of CH4 

production and CH4 yield were previously presented in Spaans et al., (2026). Briefly, these 

variables were analysed using a repeated measures mixed model, with the interaction of 

metEBV group and week of trial, fixed effects of proportion of Holstein-Friesian breed and lot, 

and pen number as a random effect. Partial Pearson correlation coefficients were calculated 

using the fitted values per heifer from each mixed model for RFI, FCE, CH4 production and 

CH4 yield, and the lot of the experiment used as the controlling variable. 

 

Results & Discussion 

Feed efficiency should be a key consideration when breeding for low CH4 emitting cattle. 

Although the amount of feed consumed drives CH4 production, and it has been suggested that 

improving feed efficiency would lower emissions (Waghorn and Hegarty, 2011), there are a 

multitude of other interactions that indicate it is not a simple linear relationship. The results 

presented herein aid to illustrate the complexity of these interactions, as the group of heifers 

which, on average, produced less CH4 were not always more feed efficient. 

The current study examines feed efficiency traits of growing, non-lactating heifers which were 

bred from young dairy sires of high and low metEBV (Spaans et al., 2026). Briefly, the 

metEBV was calculated by adjusting genetic CH4 production for the genetic variation in DMI 

(Handcock et al., 2023) to select for animals that would emit more or less CH4 per kilogram of 

DMI, i.e., high or low metEBV heifers. The heritability of metEBV in the young bulls was 

0.08 (Handcock et al., 2023) which did not change with the heifer data being added to the 

analysis. Overall, as growing non-lactating heifers, the low metEBV group had lower CH4 

production and CH4 yield than the high metEBV group, with no difference in DMI or LW gain 

between the groups (Table 1; Spaans et al., 2026). These results confirm that young growing 

heifers with lower CH4 production could be bred from young dairy sires with low metEBV, 

without affecting DMI and growth. Therefore, we hypothesized that there would be no 

difference in feed efficiency metrics between the high and low metEBV heifer groups. 

Confirming our hypothesis, for both RFI and FCE there was no difference, on average, between 

the high and low metEBV heifer groups (Table 1, Figure 1). As presented in Figure 1A, there 

was a wide range in the RFI of both high and low metEBV heifers. Individual RFI for both 

groups ranged from -0.48 to 0.51 kg DMI/d (Figure 1A) with no difference in overall group 

means, of -0.01 kg DMI/d for the high metEBV heifers and 0.06 kg DMI/d for the low metEBV 

heifers (Table 1).  
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Table 1. Least squares means (LSM) and standard error (SE) of methane (CH4) production, 

CH4 yield, dry matter intake (DMI), liveweight (LW), liveweight gain (LWg), residual feed 

intake (RFI), and feed conversion efficiency (FCE) for groups of high and low methane 

estimated breeding value (metEBV) heifers. 

 High metEBV Low metEBV  

 LSM SE LSM SE P-value 

CH4 production (g/d) 171.4 1.38 166.7 1.55 < 0.05 

CH4 yield (g/kg DM/d) 18.4 0.13 17.6 0.15 < 0.001 

DMI (kg/d) 9.95 0.140 10.10 0.144 0.15 

LW (kg) 246 2.35 248 2.39 0.074 

LWg (kg/d) 1.26 0.024 1.29 0.026 0.27 

RFI (kg DMI/d) -0.01 0.097 0.06 0.100 0.42 

FCE (kg LW/kg DMI) 0.125 0.0026 0.126 0.0027 0.69 

 

Similarly, the mean FCE of high and low heifer groups was not different, of 0.125 and 0.126 

kg LW/kg DMI, respectively (Table 1). Individual heifer FCE values ranged from 0.11 to 0.15 

kg LW/kg DMI and were spread across both groups (Figure 1B). Overall, there was a wide 

variation in the feed efficiency metrics for the low metEBV heifers, indicative of individuals 

that were both low CH4 producers and feed efficient.  

 

Figure 1. Histogram of the least squares means of (A) residual feed intake (kg DMI/d) and 

(B) feed conversion efficiency (kg LW/kg DMI) of high (dark blue) and low (cyan) metEBV 

heifers. 

 

Overall, the lack of difference in feed efficiency metrics between groups of high and low 

metEBV heifers, underpins the complexity of CH4 production from ruminants. Despite having 

lower CH4 yield, there was no feed efficiency gained, on average, for the low metEBV group 

as they ate the same amount of feed and gained the same amount of liveweight as the high 

metEBV group. Although the calculation uses similar inputs, FCE is a different phenotype to 

RFI, with a moderate partial Pearson correlation coefficient of -0.57 (P < 0.001) between FCE 

and RFI in this dataset. This indicates that there is a considerable amount of variation due to 

other factors, confirming these are individual traits that should both be considered when 

selecting for low CH4 emitting cattle. In addition, there was a near zero phenotypic correlation 

between CH4 yield and RFI of -0.04 (P > 0.10), and a weak correlation between CH4 production 

and RFI of 0.24 (P < 0.001). There were also weak correlations between FCE and CH4 yield 

of -0.11 (P < 0.05) and between FCE and CH4 production of -0.17 (P < 0.01). Together, these 

results indicate the lower CH4 production of the low metEBV heifers was not driven by more 
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efficient use of feed and less waste product as CH4. In a study of beef cattle with divergent 

residual CH4 emissions, weak phenotypic relationships between CH4 yield and FCE of 0.14, 

CH4 yield and RFI of -0.24, CH4 production and FCE -0.05 and CH4 production and RFI of 

0.23 were reported by Smith et al. (2021). Although the direction of the relationships is 

different to that presented in the current study, both sets of correlation coefficients confirm a 

weak relationship between each of the phenotypes. The results of the current study somewhat 

align with those of Hailemariam et al. (2021), who reported no difference in CH4 yield between 

groups of lactating cows with divergent RFI. There was, however, lower CH4 production and 

lower DMI for the low RFI group (Hailemariam et al., 2021), supporting the concept of the 

amount of feed consumed driving CH4 production, rather than the more efficient use of feed 

resulting in less CH4 as a waste product. The results of Flay et al. (2019) would appear to be 

in contrast to this, whereby low RFI dairy heifers had similar CH4 production to the high RFI 

heifers, but a lower DMI resulted in a greater CH4 yield for the low RFI group. However, it is 

probable, as the authors highlighted, that the lower RFI trait in these heifers was a result of 

greater digestibility of DM and NDF in the rumen (Flay et al., 2019), rather than the simple 

equation of metabolic efficiency resulting in less CH4. This points to the mounting evidence 

of the role of the rumen microbiome as the major controller of CH4 emissions (Gonzalez-Recio 

et al., 2023), and which most likely contributes to the differences between metEBV groups. 

 

Conclusions 

Feed efficiency traits were compared in groups of high and low metEBV growing, non-

lactating heifers. Although the low metEBV heifers produced less CH4 compared with the high 

metEBV heifers, there was no difference between groups for DMI, LW gain, RFI or FCE. 

Therefore, lower CH4 production of the low metEBV heifers was not driven by more efficient 

use of feed and less waste product of digestion as CH4.  
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