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Abstract: Residual feed intake (RFI) is one of the most 
economically important traits in beef cattle because selec-
tion for desirable RFI will result in animals which consume 
less feed without compromising their level of production. 
RFI is phenotypically independent of body weight and 
growth rate making it a favorable measure of feed efficiency 
compared to the measures which are correlated with produc-
tion traits. However, RFI is genetically correlated with pro-
duction traits, which indicates that these traits are influenced 
by common biological processes. To successfully select for 
RFI, there is need to develop a better understanding of the 
mechanisms that regulate its variation at the genetic level 
(pre-transcription), post-translation and the possible interac-
tions that may exist between these mechanisms. In this pa-
per we attempt to combine these biological mechanisms and 
encourage an integrated approach in selecting cattle for RFI. 
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Introduction 
 

Residual feed intake (RFI) was first defined by 
Koch et al. (1963) when they examined several indices used 
to estimate feed efficiency. The authors observed that cattle 
differed in the amount of energy required to maintain body 
weight and the amount of energy required to gain weight 
and that these differences influenced their feed require-
ments. In this regard, feed intake can be partitioned into 2 
components: that expected for the specified level of produc-
tion (body weight, weight gain and any other energy sink); 
and a residual (RFI). The residual portion defines cattle 
which feed more or less than the expected feed intake there-
fore animals that feed less than expected have a negative 
RFI and are more efficient.  

 
RFI has become one of the most economically im-

portant traits in beef cattle. It has a moderate heritability 
(Herd and Bishop (2000); Nkrumah et al. (2007)) and con-
siderable genetic variation has been reported within popula-
tions and across different breeds of cattle tested for RFI 
(Herd and Bishop (2000)). These indicate that selection for 
RFI is possible and will result in significant genetic gain in 
feed intake. However, despite its favorable characteristics 
and its importance to beef producers, RFI remains elusive to 
genetic improvement. This can be partially explained by its 
complex nature. Firstly, RFI (and other measures of feed 
efficiency) is estimated from other component production 
traits, indicating that changes that may occur to one of the 
measures may also alter RFI. Secondly, RFI is regulated by 
several biological processes that may function individually 

or may function together to shape the level of RFI we ob-
serve. Several of these biological processes have already 
been reviewed (Herd and Arthur (2009)). 

 
The challenge faced by researchers and breeders 

interested in RFI is to marry these different facets associated 
with the variation in RFI. This will involve understanding 
the roles played by the various levels of regulation of phe-
notypes, from the genetic level in terms of the role of genes 
and DNA variations to the role of post translational modifi-
cations and variations, and the various interactions that may 
exist between them. 

 
In this paper, we attempt to pool these facets to-

gether (figure 1) and encourage an integrated approach in 
selecting for improved feed efficiency by highlighting its 
importance.  
 

Phenotypic components of RFI 
 

Residual feed intake in beef cattle is a linear re-
gression of feed intake and production (Koch et al. (1963)). 
Production usually includes traits such as body weight 
(BW), weight gain (average daily gain-ADG) and other en-
ergy sinks that may be deemed appropriate to include. 
Therefore single-trait selection on RFI is, in fact, equivalent 
to multiple-trait selection on its components (Kennedy et al. 
(1993)). Residual feed intake can, therefore, be considered 
as a form of a selection index with selection index weights 
for feed intake and production corresponding to the regres-
sion coefficients of 1 and -b, respectively. Phenotypic corre-
lation between RFI and the production traits used to esti-
mate it is zero. However, in most situations the genetic cor-
relation differs from zero (Kennedy et al. (1993)). This no-
zero correlation arises from the common biological process-
es that influence variation in both RFI and the production 
traits.  
 

Genetic components of RFI 
 

The genetic basis of RFI has been studied and sev-
eral genes have been reported to significantly influence its 
variation (Moore et al. (2006); Barendse et al. (2007); 
Sherman et al. (2008); Karisa et al. (2013)). Such genetic 
markers have been used to develop marker assisted selection 
tools for feed efficiency. One challenge is to identify which 
of the traits in the selection index (RFI) is actually regulated 
by the gene. For example, several authors have reported 
significant association between the growth hormone recep-
tor (GHR) and RFI (Karisa et al. (2013); Kelly et al. (2013)) 



but the biological functions associated with GHR may di-
rectly impact growth rate and only alter RFI indirectly.  
 

Post translational modifications and  
variations influence RFI 

 
Post-translational mechanisms exist to regulate var-

iation in RFI. These variations may result from alterations in 
protein structure and function, and presence of enzyme 
promoters and/or inhibitors, and are manifested as variations 
in biological reaction rates which eventually alter the level 
of RFI or the components traits that we observe. The varia-
tion in biological reaction rates may be manifested as varia-
tion in levels of metabolites, which are substrates or prod-
ucts in these reactions. There has only been minimal effort 
to analyse the relationship between metabolite levels and 
RFI, although some results have been reported (Montanholi 
et al. (2013)), and to identify the exact biological processes 
that cause variation in RFI. 
 

Conclusion 
 

Residual feed intake is a complex trait regulated by 
multiple genes, metabolites and biological processes that 
interact at various levels with varying impact on the varia-
tion in the trait. Being a selection index itself, phenotypic 
and marker assisted selection for RFI should be perceived as 
an indirect selection for the component traits included in the 

index. In marker assisted selection, there should be clear 
understanding of which component trait the markers are 
associated with statistically and functionally. An integrated 
approach, which combines all the sources of variation pre-
transcription and post-translation, is necessary in developing 
this understanding and in developing marker assisted selec-
tion tools for RFI. 
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Figure 1: A summarised concept map of some of the biological processes associated with RFI. Such an integrated ap-
proach in understanding the various levels of regulation of RFI, from the genetic level; pre-transcription and post-
translation, and the interaction of biological processes is essential in developing markers to be used for selection for 
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