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Introduction 

Understanding correlations among traits that vary jointly within a population has important 

practical implications for management, breeding, and selection. The concept of residual feed 

intake (RFI) is increasingly used in livestock science, particularly in the context of analyzing 

efficiency in various livestock systems. Generally, feed efficiency tests evaluate animals at a 

single stage in life and on a single diet for use in genetic evaluations of overall efficiency. 

Studies have reported a moderate phenotypic correlation on feed efficiency measured in 

growing and subsequently on finishing diet (Kelly et al., 2011; McGee et al., 2014; Cassady et 

al., 2016). The relationship between feed efficiency, measured by their RFI and methane 

emissions in cattle is generally positive, meaning that more efficient animals consume less feed 

for the same level of production and consequently tend to emit less total methane (da Silva 

Soares et al., 2025). This study addresses the importance of the repeatability of efficiency and 

methane emission traits over time and across different diets, given their relevance as selection 

tools for improving efficiency and sustainability. The objective was to investigate the 

phenotypic correlation and repeatability of efficiency and methane traits between growing and 

finishing phases on beef cattle. 

 

Materials & Methods 
Animal management carried out in this study was approved by the INIA Honorary Committee 

on Ethics in the Use of Animals (resolution INIA2018.11). We analyzed data from 356 

Hereford steers across twelve feed intake (FI) tests, including six during the growing and six 

during finishing phase, with all animals evaluated in both phases. In the growing phase, animals 

had a mean of 300 days of age (range from 240 and 390 days). Growing and finishing FI tests 

were consecutive with a six-week period for adaptation to the finishing diet. Diets used during 

the growing phase were formulated with approximately 70% forage (sorghum or corn silage) 

and 30% grain (corn), whereas finishing diets contained approximately 70% grain and 30% 

forage. Additional details regarding the composition of the diets used during the growing and 

finishing phases are described in Peraza et al. (2024). All datasets from these tests are part of 

the reference population for genomic selection for feed efficiency in the Uruguayan Hereford 

breed (Pravia et al., 2023) produced at the Hereford Association Central Test Station in Kiyú, 

San José,, sired by genetically evaluated known bulls (Navajas et al., 2025). Recorded data 

during the test were dry matter intake (DMI, kg per day), average daily gain (ADG, kg per 

day), metabolic weight (MWT, kg), and backfat thickness assessed by ultrasound (BFAT, mm). 

Phenotypes for RFI were estimated (separately for each phase/stage) as the difference between 

the observed and expected feed intake using the following linear regression model: 

𝐷𝑀𝐼 = 𝑏0 + 𝑏1𝐴𝐷𝐺 + 𝑏2𝑀𝑊𝑇 + 𝑏3𝐵𝐹𝐴𝑇 + CG + e, 

where b0 is the intercept, and b1, b2, and b3 are the partial regression coefficients of each trait, 

CG stands for contemporary group (year and pen) and e is the actual RFI. A subset of 83 steers 

had also information on daily methane production (DMP, in g of methane per day), methane 

intensity (MI) is DMP by kg of body weight or by kg of ADG, and methane yield (MY) by kg 
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of DMI. Methane emission data was monitored by Greenfeed emissions monitoring system 

units (C-Lock Inc., Rapid City, USA), simultaneously on FI tests.  The greenfeedr R package 

(Martinez-Boggio et al., 2024) was used for the calculation of individual methane emission 

records considering at least three records per day, for at least two days a week, and with a 

minimum duration of two minutes. All traits were also adjusted for FI test effects using a linear 

model,, and the resulting test‑adjusted values were also used for correlation and repeatability 

analyses. We estimated Pearson and Spearman correlation coefficients (rPearson and 

rSpearman) and assessed repeatability by calculating intraclass correlation coefficients (ICC) 

and their associated standard errors from linear mixed-effects models. In addition, animals were 

classified into high, medium, and low residual feed intake (RFI) groups based on quartiles of 

the RFI distribution, and a generalized linear model (GLM) was used to assess differences in 

performance and methane-related traits among RFI groups within production phases. 

 

Results & Discussion 

For RFI, both Pearson’s and Spearman’s correlations between growing and finishing phases 

were moderate and positive (r = 0.55; P <0.001) (Table 1). On performance traits, test adjusted 

values improved correlations compared to observed values. Similar positive patterns between 

phases were observed for DMI (r>0.63), BFAT (r>0.68), and MWT (r>0.89), all showing the 

same level of statistical significance (P < 0.001). For ADG, the correlations were lower and 

positive, but with a lower level of statistical significance (p < 0.05). 

 

Table 1. Pearson and Spearman correlations and intraclass correlation coefficients (ICC) based 

on observed and residual values of performance (n=356) and methane traits (n=81) across 

growing and finishing phase. 

Traits during the 

growing and 

finishing phases 

Observed values  Test‑adjusted values 

r Pearson 
 

r Pearson r Spearman ICC SE 

DMI GR - FIN 0.437  0.626 0.618 0.622 0.032 

ADG GR - FIN 0.0731  0.384 0.386 0.385 0.045 

MWT GR - FIN 0.885  0.890 0.878 0.882 0.012 

BFAT GR - FIN 0.581  0.677 0.685 0.572 0.036 

RFI GR - FIN   0.565 0.551 0.559 0.037 

DMP GR - FIN 0.369  0.2381 0.312 0.467 0.095 

MY GR - FIN 0.402  0.441 0.446 0.405 0.089 

MI (ADG) GR - FIN 0.0272  0.335 0.325 0.386 0.109 

MI (BW) GR - FIN 0.473  0.296 0.333 0.258 0.103 
GR: growing, FIN: finishing, DMI: dry matter intake, ADG: average daily gain, MWT: metabolic body weight, 

BFAT: backfat thickness, RFI: residual feed intake, DMP: daily methane production, MY: methane Yield, MI 

(ADG): methane intensity by ADG and MI (BW): methane intensity by body weight, ICC: intraclass correlation 

coefficients, SE: Standard Error. All correlations are statistically significant (p < 0.001), except for 1 (p < 0.05) 

and 2 not statistically significant (p > 0.05). 
 

In similar studies comparing different similar stages, correlations of ADG were weaker 

compared to those of DMI or RFI (McGee et al. 2014; Cassady et al. 2016). These findings 

support the idea that it is equally likely that the metabolic differences that drive feed intake are 

consistent across stages and diets. This indicates moderate to high consistency of these traits 

across phases, similar to those obtained through correlations, maintaining efficiency 

characteristics across phases. Some studies have reported weaker correlation coefficients when 

fiber-to-grain ratios change between diets, as well as reranking of the animals (Durunna et al., 

2011). In our study, where dietary composition exhibits variation in their fiber-to-grain ratio, 

moderate to high repeatability is observed in most traits. In dairy cattle, Potts et al., (2015), 



 

 3 

obtained good correlation values after variation on different starch intake levels. For DMP, 

correlations presented similar values with larger standard errors for the rest of the methane 

related traits reflecting the smaller sample size. 

 

Table 2. Feed efficiency classifications on growing and finishing phases 

 Growing phase  Finishing phase 

 RFI groups  RFI groups 

Trait Low Medium High  Low Medium High 

DMI  8.6  c 9.8  b 11.0  a  9.9  c 10.6  b 11.9  a 

ADG 1.5 1.5  1.5   1.4  1.4  1.4  

MWT 76.9 77.6  77.1   103.2  103.0  103.9  

BFAT 4.4 4.7  4.5   11.3  11.2  11.0  

RFI -1.26  c 0.06  b 1.15  a  -0.97  c 0.04  b 0.98  a 

DMP 164.1 173.4  180.9   211.1  217.7  230.2  

MI (BW) 0.47 0.48  0.49   0.43  0.44  0.45  

MI (ADG) 113.3 126.5  127.8   144.5  150.5  151.9  

MY 19.0  a 16.6  b 15.6  b  20.4  a 18.7  b 18.1  b 
DMI: dry matter intake, ADG: average daily gain, MWT: metabolic body weight, BFAT: backfat thickness, RFI: 

residual feed intake, DMP: daily methane production, MI (BW): methane intensity by body weight, MI (ADG): 

methane intensity by ADG and MY: methane yield. Means with different letters indicate significant differences 

among treatment groups (PROC GLM, SAS; P < 0.05). 

 

As expected, ADG,MWT, and BFAT did not differ statistically between efficiency groups in 

either the growing or finishing phases in agreement with the independence of RFI with those 

traits (Table 2). Comparisons among RFI classes confirmed significantly lower DMI in 

efficient animals in both phases, with reductions of 23% and 16% between high and low RFI 

groups during the growing and finishing phases, respectively. Additionally, the phenotypic 

correlations between DMI and RFI on growing and finishing diets were rP = 0.677 and rP = 

0.508, respectively. The relationship between these traits often mirrors similar patterns, which 

explains much of the variation in RFI, reporting moderate to high levels of correlation. Methane 

production did not differ significantly among RFI groups in either phase, although numerical 

differences were observed and may become significant with larger sample sizes 

 

 Despite the absence of differences in DMP between RFI groups, DMP showed a significant 

positive correlation with DMI in both the growing (rₚ = 0.529) and finishing (rₚ = 0.336) phases. 

Among methane-related traits, MY was the only variable significantly associated with 

efficiency groups in both phases, with efficient animals exhibiting higher emissions per kg of 

daily intake.  This is consistent with the findings reported by Flay et al. (2019), who showed 

that more efficient animals exhibit higher methane yield; however, classification by RFI did 

not result in differences in gross methane emissions. 

 

Conclusions 

This study reinforces the inclusion of residual feed intake (RFI) in selection programs, as it is 

an economically important and repeatable trait across different phases of an animal’s 

productive life and under different dietary conditions. Further studies, including larger numbers 

of animals with methane emission records and efficiency data across contrasting diets and 

production systems (e.g., grazing), are needed to enable a more comprehensive evaluation 

under different conditions. 
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