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ABSTRACT: Data from 65,078 Nellore animals were used 
to estimate genetic parameters for visual scores of 
conformation (C), finishing precocity (P), and muscling 
(M), rib eye area (REA), back fat thickness (BFT), and 
rump fat thickness (RFT) measured by real-time ultrasound. 
(Co)variance components were estimated using a multi-trait 
animal model by REML. Heritability estimates were 0.19 
(C), 0.21 (P), 0.22 (M), 0.34 (REA), 0.18 (BFT), and 0.39 
(RFT). High genetic correlations were observed between 
visual scores (0.71 to 0.98) indicating that simultaneous 
inclusion of C, P, and M in a selection index does not seem 
to be necessary. Genetic correlations between REA with 
BFT and RFT were -0.02 and -0.17, respectively. Genetic 
correlation between BFT and RFT was 0.52. Genetic 
correlations between visual scores and carcass traits ranged 
from -0.04 to 0.28 indicating that selection for body 
conformation scores has little effect on carcass traits. 
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Introduction 
 

Beef cattle breeding programs have traditionally 
focused primarily on live animal growth traits (Marshall 
1994). However, the focus on carcass quality is steadily 
increasing as a consequence of the growing demands of the 
consumer market in terms of meat quantity and quality. 
Body conformation scores as visual scores of finishing 
precocity, conformation, and muscling are included as 
selection criteria to infer carcass quality in terms of the 
quantity and distribution of muscle mass and finishing 
precocity (Shiotsuki et al. 2009). These scores show 
moderate heritability and they should respond satisfactorily 
to selection (Van Melis et al. 2003). Carcass traits measured 
by real-time ultrasound have been also evaluated as an 
alternative to infer carcass quality. Studies have 
demonstrated high association between carcass traits 
measured by ultrasound in vivo and those obtained 
postmortem (Silva et al. 2003). However, few studies have 
associated these traits with body conformation scores (Faria 
et al. 2009; Yokoo et al. 2009; Gordo et al. 2012). Thus, the 
objective of this study was to estimate the heritability and 
genetic correlations between visual scores of conformation, 
finishing precocity, and muscling with carcass traits 
measured by real-time ultrasound such as rib eye area, back 
fat thickness, and rump fat thickness in Nellore cattle. 
 
 

 
 
 

Materials and Methods 
 

Data. Data of pedigree containing 128,759 Nellore 
animals from the Genetic Breeding Program of Agro-
Pecuária CFM Ltda. were used. The animals were born 
between 1984 and 2011 on 12 farms located at the states of 
São Paulo, Mato Grosso do Sul, Goiás, and Bahia, Brazil. 
The following traits were analyzed: visual scores of 
conformation (C), finishing precocity (P), and muscling 
(M), rib eye area (REA, cm2), back fat thickness (BFT, 
mm), and rump fat thickness (RFT, mm) measured by real-
time ultrasound. REA and BFT were measured between the 
12th and 13th ribs crosswise on the M. longissimus 
thoracis. RFT was measured at the intersection between the 
M. glutaeus medius and M. biceps femoris located between 
the hooks and pin bones. An Aloka SSD-500 Micrus unit 
(Aloka Co. Ltd.) equipped with a 3.5-MHz, 17.2-cm linear 
array transducer was used to collect the real-time ultrasound 
images. For visual scores traits were attributed scores 
ranging from 1 to 6, with 6 corresponding to maximum 
expression of the trait. C is a measure of the ability of the 
animal to produce meat by evaluating basically the body 
length and rib depth, P is a measure of the ability of the 
animal to store fat reserves and it is used to identify animals 
that will deposit finishing fat earlier, and M takes into 
account the muscle mass of the animal. All measurements 
were obtained at yearling age (18 months of age for body 
conformation scores and 21 months of age for carcass traits 
measured by real-time ultrasound). Data of animals with 
records three standard deviations above or below the overall 
mean for each trait were removed. In addition, 
contemporary groups (GC) containing progenies of only 
one sire and those with fewer than five animals were 
excluded. The descriptive statistics of the edited data set 
used for analysis are summarized in Table 1. 
 

Analysis model. Components of (co)variance and 
genetic parameters were estimated by the restricted 
maximum likelihood method using the software VCE-6 
(Groeneveld et al. 2010). A multi-trait analysis with 6 traits 
using animal model was implemented. The model for C, P, 
and M included as random effects, direct additive genetic 
and weaning management group (WMG) effects and as 
fixed effects, GC, age of the animal at measurement (linear) 
and age of the dam at calving (linear and quadratic) as 
covariates. The WMG was included in the model in order to 
form GC with more variability and to maintain a more 
representative number of animals in the analysis (Santana Jr 
et al. 2012). The model for REA, BFT, and RFT included 
the direct additive genetic effect as random effect and as 
fixed effects, GC, age of the animal at measurement (linear) 
and age of the dam at calving (linear and quadratic) as  



 
covariates. The GC was defined as farm, year and season of 
birth, sex, and management group. 
 

Results and Discussion 
Heritability estimates. Table 2 shows the 

estimates of variance components and heritability obtained 
by six-trait analysis. The heritability estimates for P and M 
were similar. However, the heritability estimate for C was 
lower, so lower genetic gains should be expected as a result 
of selection for this trait. According to Koury Filho et al. 
(2010), this lower estimate of heritability for C compared to 
P and M, it is possibly due to its more subjective definition 
that confounds size and muscling allowing different 
interpretations by the evaluators. These heritability 
estimates are in agreement with estimates reported by Van 
Melis et al. (2003) in Nellore cattle and Cardoso et al. 
(2004) in Angus cattle. However, Faria et al. (2010) using a 
two-trait Bayesian analysis under a threshold animal model 
obtained higher estimates of heritability for C (0.27), P 
(0.38), and M (0.30) in Nellore cattle. 

 
Table 2. Estimates of variance components1 and 
heritability2 with standard errors in parentheses for 
visual scores of conformation (C), finishing precocity 
(P), and muscling (M), rib eye area (REA, cm2), back fat 
thickness (BFT, mm), and rump fat thickness (RFT, 
mm) in Nellore cattle by multi-trait analysis. 
Trait 2

aσ̂  2
wσ̂  2

eσ̂  2
aĥ  

C   0.1363 0.0262   0.5685 0.19 (0.01) 
P   0.1667 0.0218   0.6003 0.21 (0.01) 
M   0.1769 0.0232   0.6007 0.22 (0.01) 
REA 13.4318 - 26.0927 0.34 (0.05) 
BFT   0.1308 -   0.5884 0.18 (0.05) 
RFT   0.9049 -   1.4276 0.39 (0.05) 
1 2

aσ̂  = direct additive genetic variance;  2
wσ̂ = weaning management group 

variance;  2
eσ̂  = residual variance. 

2 
2
aĥ  = direct heritability. 

 
The heritability estimate for REA is in line with 

estimates reported by Stelzleni et al. (2002; 0.31) in 
Brangus cattle and Gordo et al. (2012; 0.33) in Nellore 
cattle. The heritability estimate for BFT was lower than that 
reported by Yokoo et al. (2009; 0.55) in Nellore cattle. For 
RFT, Lima Neto et al. (2009) also reported higher additive 
genetic variance and heritability compared to BFT in 
Guzera cattle, making this trait more indicated to be used in 
beef cattle breeding programs mainly for animals raised on 
pasture. 
 

Correlations. Genetic and phenotypic correlations 
obtained by six-trait analysis are shown in Table 3. The 
genetic correlations for carcass traits in this study were low 
to moderate. The low genetic correlations between REA 
with BFT and RFT suggest that there are no pleiotropic 
effects between REA and the two fat thickness measures. 
Lima Neto et al. (2009) also reported low estimates, close 
to zero, for these traits in Guzera cattle, who obtained 
genetic correlations of 0.02 and 0.05 between REA with 
BFT and RFT, respectively. The same authors reported a 
moderate to high genetic correlation between BFT and RFT 
(0.60) supporting the results obtained in this study. The 
moderate to high correlation found in these traits suggests 
that animals that show deposition fat on the rump would 
show also deposition fat on the rib allowing the use only 
one of these measures in beef cattle breeding programs. 
However, the inclusion of both traits in a selection index 
has been recommended for more uniformity of carcass fat 
cover (Gordo et al. 2012). 

The genetic correlations between C, P, and M were 
high indicating that these traits may be considered the same. 
Similar results have been reported by Cardoso et al. (2004) 
in Angus cattle and Koury Filho et al. (2010) in Nellore 
cattle. According to the latter authors, the selection for one 
of these visual scores will imply a positive correlated 
response in the other. Thus, the simultaneous inclusion of 
C, P, and M in a selection index does not seem to be 
necessary for the present population. 

Table 1. Descriptive statistics of the edited data set for body composition scores and carcass traits in Nellore cattle. 

Item Number 
of records Mean Standard 

deviation Minimum Maximum Number 
of sire 

Number 
of dam GC3 

Visual scores measurements1         
C 65,078     3.78   1.03     1.0     6.0 1,395 23,504 907 
P 64,380     3.81   1.04     1.0     6.0 1,386 23,372 880 
M 65,073     3.67   1.05     1.0     6.0 1,395 23,504 907 
Age at time of visual scores, d  550.92 34.61 460.0 640.0    
Carcass measurements2         
REA   3,353   54.15 13.72   22.8   89.9    221   3,044   20 
BFT   2,885     2.81   1.12     0.5     6.2    202   2,731   18 
RFT   1,796     4.58   1.81     0.5     9.8    135   1,705     8 
Age at time of ultrasound, d  624.26 80.67 452.0 921.0    
1 C = conformation score; P = finishing precocity score; M = muscling score. 
2 REA = rib eye area, cm2; BFT = back fat thickness, mm; RFT = rump fat thickness, mm. 
3 CG = contemporary group. 
 
 

 



Table 3. Estimates of genetic (above the diagonal) and 
phenotypic (below the diagonal) correlations for body 
composition scores and carcass traits in Nellore cattle by 
multi-trait analysis. 
Trait1 C P M REA BFT RFT 
C  0.72 0.71 0.15  0.01  0.13 
P 0.69  0.98 0.22 -0.03  0.15 
M 0.69 0.86  0.28 -0.04  0.12 
REA 0.23 0.26 0.26  -0.02 -0.17 
BFT 0.05 0.09 0.08 0.05   0.52 
RFT 0.13 0.16 0.17 0.04 0.44  
1 C = conformation score;  P = finishing precocity score;  M = muscling 
score;  REA = rib eye area, cm2;  BFT = back fat thickness, mm;          
RFT = rump fat thickness, mm. 

 
The genetic correlations between visual scores 

with BFT and RFT were low indicating that selection for 
higher visual scores will not result in early finishing 
animals for the present population. Koch et al. (2004) also 
reported low genetic correlation between M and BFT (0.09) 
in Hereford cattle. However, Yokoo et al. (2009) using two-
trait analyses obtained higher estimates between P and M 
with BFT and RFT (0.38 to 0.42) in Nellore cattle. The 
genetic correlations between REA with C, P, and M were 
also lower than those reported by Yokoo et al. (2009), who 
obtained genetic correlations of 0.54, 0.58, and 0.61, 
respectively. Koch et al. (2004) reported moderate genetic 
correlation between REA (postmortem measure) and M 
(0.29) in Hereford cattle, supporting the results obtained in 
this study. According to Cardoso et al. (2004), the use of 
different models and a subjective scoring system may 
explain the differences between the genetic correlations 
found here and the literature. 

The phenotypic correlations showed the same 
tendency as the genetic correlations suggesting that animals 
with higher C, P, and M scores may not have greater REA, 
BFT, and RFT. Thus, the results of this study suggest that 
selection to improve muscling and fat cover of animals for 
the present population may not be achieved based only on 
visual scores, but also based on carcass traits included 
simultaneously in a selection index. 
 

Conclusion 
 

The present study suggests that the traits analyzed 
should respond satisfactorily to selection in breeding 
programs of Nellore cattle. The simultaneous inclusion of 

visual scores in a selection index does not seem to be 
necessary for the present population. The low genetic 
correlations between rib eye area and the two fat thickness 
measures suggest no genetic association between these 
traits. The genetic correlations between visual scores and 
carcass traits indicate that selection for traits related for 
body conformation scores has little effect on carcass traits 
for the present population. 
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