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a b s t r a c t

This study estimated genetic parameters and (co)variance components for dry matter
intake (DMI), average daily gain (ADG), feed conversion rate (FCR), residual feed intake
(RFI), residual body weight gain (RWG) and residual intake and body weight gain (RIG) in
Nellore cattle. We also estimated the genetic and phenotypic correlations between these
traits with growth and carcass traits. We used data on feed efficiency of 1038 Nellore
males (Bos indicus), being 147 castrated and 891 young bulls. The animals were progenies
of 176 sires and 779 dams, composing a relationship matrix of 3521 animals. The (co)
variance components and genetic parameters were estimated by GIBBS2F90 software,
using the Bayesian approach. The heritability estimates for DMI, RFI and RIG were 0.40,
0.38 and 0.54, respectively. The genetic correlations between all feed efficiency and
carcass traits were low. The traits analyzed showed enough genetic variability and
heritability, thus the inclusion of feed efficiency in animal breeding programs of Nellore
cattle is feasible. The RIG showed higher heritability and a selection for feed efficiency
does not have a negative effect on carcass traits.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, feed intake and feed efficiency in beef
cattle have received great importance. Estimates of genetic
parameters and genetic correlations for feed efficiency

have been widely obtained in Bos taurus animals (known
as taurine) and crossbreeds, and residual feed intake is
already used as selection criterion in some taurine breeds
(Arthur et al., 2005). Genetic parameter estimates for these
traits are scarce in Bos indicus breeds under tropical
conditions. Barwick et al. (2009) estimated genetic para-
meters for feed efficiency in Brahman cattle and recently,
Grion et al. (2014) reported genetic parameters for feed
efficiency traits and their correlations with growth traits in
Nellore cattle.

The knowledge of these parameters and their correla-
tions is critical for future studies on genetic selection
based on feed efficiency and feed intake. It is also useful
to define selection criteria for Bos indicus cattle breeding
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programs. This study estimates genetic parameters and
(co)variance components for dry matter intake (DMI),
average daily gain (ADG), feed conversion rate (FCR),
residual feed intake (RFI), residual body weight gain
(RWG) and residual intake and body weight gain (RIG) in
Nellore cattle. We also estimated the genetic and pheno-
typic correlations between these traits with growth and
carcass traits.

2. Material and methods

2.1. Animals and facilities

We used data on feed efficiency of 1038 Nellore males
(Bos indicus), being 147 castrated and 891 young bulls. The
animals were progenies of 176 sires and 779 dams. The
pedigree contained 3521 animals. The analyses were
performed at the Animal Breeding and Biotechnology
Group of University of São Paulo, Pirassununga City, Brazil.
The data were obtained from a compilation of 13 experi-
ments to investigate feed efficiency conducted in Brazil,
where 10 studies were conducted in the southeastern
region (Gomes et al., 2012, 2013; Alexandre et al., 2014;
Cancian et al., 2014), two in the central-western and one in
the southern region (Santana et al., 2012, 2013). The data
were combined in order to increase the number of records
and the pedigree was connected through common sires in
the experiments.

The animals were kept in three types of feedlot systems
with 430 animals in individual pens, 212 in Calan Gates
and 396 in GrowSafe. The last two feedlot types were
equipped with automatic gates that allowed to measure
the animals individually in the feedlots. At the beginning
of the experiment, the animals had an initial average age
of 5177169 days old and weight of 366759 kg. The
experiments were conducted between 2007 and 2013.

2.2. Experimental diet and management

Before starting the experiments, the animals under-
went a period of 21 days for adaptation to the installations,
to the management system and to the diet. We carried out
bulky collections of concentrates and leftovers for periodic
evaluations of dry matter (DM) content. The diet was
offered twice a day by means of total mixed ration.

2.3. Data collection

The period of data collection was different for each
experiment varying from 70–90 d, and the animals were
weighed every 21 d. The average daily gain (ADG) was
calculated based on these weighing procedures, repre-
sented the angular coefficient of linear regression of body
weights by the days of experiments.

Additionally, during the assessment period, the dry
matter intake (DMI) for each animal was measured daily
subtracting the quantity of food supplied by the amount of
leftovers. The feed efficiency traits (FCR, RFI, RWG and RIG)
were calculated based on the data of DMI. The FCR was
calculated as the ratio of DMI/ADG, while the RFI and the
RWG represent the residues (ε1 and ε2) of regression

equations that estimated DMI and ADG, respectively
(Koch et al., 1963). The models for estimating these traits
were:

DMI¼ β0þβ1ADGþβ2MBW0:75þβ3SCþβ4CGþε1

ADG¼ β0þβ1DMIþβ2MBW0:75þβ3SCþβ4CGþε2

Being the parameters (β) estimated on PROC MIXED
procedure of the SAS software and MBW the mid body
weight. The sexual condition (SC) and the contemporary
group (CG) were included in the model to estimate RFI and
RWG. The equation used to calculate RIG was:

RIG¼ RWG�RFI

At the beginning and end of each experiment, the
animals were submitted to carcass evaluation by ultra-
sonography (Aloka SSD500 with 3.5 MHz transducer)
conducted by a certified technician from the Ultrasound
Guidelines Council, following the methodology described
in the guide of Beef Improvement Federation (Beef Improve-
ment Federation, 2002). We evaluated the rib eye area (REA),
back fat thickness (BFT), and rump fat thickness (RFT).

The REA and BFT were measured between the 12th and
13th ribs, across from the muscle longissimus lumborum.
The RFT was measured at the intersection of the muscles
gluteus medius and biceps femoris, located between the
ileum and ischium. The REAg, BFTg and RFTg gains during
the experiment were estimated by calculating the differ-
ence between the final and initial REA, BFT, and RFT values.

The systematic environmental effects to be included in
the contemporary groups (CG) were chosen based on the
significant level (Po0.001) of a mixed model using the
PROC MIXED procedure of SAS. The CG were formed
considering the different feedlot facilities (individual pens,
Calan Gate or GrowSafe systems) and farms where the
animals were reared. The sexual condition (SC, steers and
young bulls) was included as a covariate in the statistical
models. Records exceeding three standard deviations
above and below the mean of the CG were excluded from
the genetic analysis.

2.4. Statistic analysis

The animal age at the beginning of the experiment was
considered a covariate for the fixed effect of CG. The
additive genetic effect was considered a random effect in
the model. The model can be represented in general
matrix as:

y¼ XβþZaþε

where: y is the vector of the dependent variable (pheno-
typic variable); β is the vector of fixed effects; a is a vector
of additive genetic random effects; ε¼residual effect
vector; X and Z are the matrices of incidence relating to
β and a with a dependent variable y. The genetic para-
meters and (co)variance components were estimated
through the Bayesian inference, applying an animal model,
using the GIBBS2F90 software (Misztal et al., 2002).
The uniform a priori distribution was defined for fixed
effects (β). Gaussian and inverted Wishart distributions
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