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ABSTRACT Data of 9,660 cows were recorded from ten 
Nellore cattle herds spread out in twelve Brazilian states, 
and participating in the Delta G Connection beef cattle 
breeding program. Hip height was recorded at the same 
time of mature weight, one week before calf weaning, and 
body condition score (BCS) was measured at weaning. We 
considered the follow sources of variation in the BCS 
model: contemporary group, reconception, calving order, 
age at first calving, calving interval, gestation length, hip 
height, long yearling weight and mature weight of cows, 
and the weaning weight and scores of conformation, early 
finishing and muscling assigned to calves at weaning. An 
animal model was applied and the genetic parameters were 
estimated by Bayesian inference. The heritability estimates 
for body condition score (0.22) and hip height (0.23) were 
moderate, and presented high values for long yearling 
weight (0.48) and mature weight (0.36). BCS was 
negatively correlated with hip height (-0.72) and with long 
yearling weight (-0.17), whereas with mature weight the 
estimate was positive and weak (0.19). The results 
suggested that body condition score could be used as an 
indirect measured of hip height.  
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Introduction 
 

In tropical production systems, body condition is 
essential for the productive performance of cattle. 
According to Arango et al. (2002), body weight and animal 
height may play an important role in the changes of body 
condition score (BCS). These same factors contribute to the 
evaluation of cow silhouette, and hip height (HH) should be 
carefully observed during the BCS evaluation.   

Several traits have been included in the genetic 
evaluation programs of Zebus, and body weight is one of 
them. It is considered the main predictor of carcass weight, 
and is usually measured at weaning, yearling (YW) and 
maturity (MW). Although it is not routinely measured on 
farms, MW could indicate the best female/cow size for 
optimal economic return. However, animal management in 
the farm before measurement and the unknown fetus weight 
may interfere with the MW measurement accuracy.  

HH is a trait that suffers less environmental 
variation than the weight. It is an indicator of sexual 
precocity and has been negatively correlated with 
productivity in beef heifers (Meyer (1995); Vargas et al. 
(2000)). On the other hand, HH measurement is a difficult 
procedure because it requires animal restraint, thus 
complicating the management in the farm. Riley et al. 

(2007) reported that the market for international purebreds 
has conflicting suggestions regarding optimal adult size.   

BCS is a good indicator of these two traits while 
its assessment is easy, practical and more cost effective. 
Therefore, if the score is a reliable measure, it could help 
the decision making process of defining management and 
selecting breeders. For this purpose, reliable estimates of 
genetic parameters for BCS and other traits of economic 
importance are necessary, since there are not literature 
reports of such associations for Nellore cows. The objective 
of this study was to estimate BCS and growth traits 
heritability and the genetic correlations between BCS and 
HH, YW and MW of Nellore cows. 

 
Materials and Methods 

 
Cows in pasture system. Data from 9,660 cows 

born between 1988 and 2007, from ten Nellore cattle herds 
spread throughout twelve Brazilian states, and participating 
in the Delta G Connection beef cattle breeding program 
were used. All cows grazed on tropical pasture systems and 
received mineral salt. Mating occurred in the rainy season, 
usually between November and January, either through 
controlled natural breeding or artificial insemination. Even 
though cows that did not conceive during the breeding 
season were removed from the herd, their records were 
included in the present analyses. The weaning of calves 
occurred at approximately seven months of age, between 
June and August. 

Data. The data file contained genealogical and 
zootechnical information, as well as data describing the 
performance of their offspring. Considering cows in 
different ages, only one BCS measurement was made per 
cow, during only one season, on the weaning period of one 
offspring. Five phenotypic classes were considered for the 
score assignment, according to the model proposed by 
Machado et al. (2008), ranging from 1 (cachectic) to 5 
(obese). The frequency of animals according to each BCS 
class was: score 1 (167 animals), score 2 (1642 animals), 
score 3 (4870 animals), score 4 (1898 animals), score 5 
(458 animals).   The reproductive status of the female was 
evaluated upon pregnancy diagnosis. Non-pregnant cows 
received a score of 1, and pregnant cows received a score of 
2, corresponding to a trait called reconception. This variable 
was considered in the analysis because the pregnant cow 
may look fatter and could bias the BCS measurement. The 
age of the cow was analyzed by calving order: primiparous, 



secundiparous and multiparous females received scores of 
1, 2 and 3, respectively. Visual scores of calf conformation 
(C), muscling (M) and early finishing (EF) at weaning were 
divided into five phenotypic classes, according to the 
methodology described by Queiroz et al. (2011). A score of 
1 was assigned to the worst performing animal, and a score 
of 5 was assigned to the calf with the best conformation, 
muscling or finishing. There were two contemporaries 
groups. The first group was established at calf weaning, as a 
concatenation of the following variables: herd, calving year 
and season, sex of calf and management group from birth to 
weaning. The second group was used only to fit the MW of 
cows, and it was formed with the variables: herd, year and 
month of measurement of MW of cows. It was considered, 
for both groups, a minimum of 4 animals, 2 sires per group, 
and at least 2 calves per sire. Groups formed by offspring of 
a single sire, with less than two offspring per sire, 
consisting of only one animal and only one class of BCS 
were excluded from the database. The initial data had 9660 
animals (being a total of 617 groups). The final dataset with 
9035 animals (152 groups remained) and 625 animals were 
excluded after connectability of groups. The summary 
statistics of the continuous variables included in the models 
is presented in Table 1.  

Table 1. Summary statistics for the continuous variables 
included in the models. 

Trait* Nº of observations Mean SD* 
YW 8688 246 27.4 
MW 9660 408.8 48 
ALY 8688 16.7 1.9 
AFC 8786 34.8 3.1 
AM 9660 66.6 27.9 
CI 7797 14 4.1 
GL 6846 4.2 1 
HH 9548 140.6 4.6 
WW 9072 180.7 24.4 
*long yearling weight = YW (kilograms), maturity weight = MW 
(kilograms), age at long yearling weight = ALY (months), age at first 
calving = AFC (months), age atf maturity = AM (months), calving interval 
= CI (months), gestation length = GL (months), hip height = HH 
(centimeters), calf weaning weight = WW (kilograms)  
* SD = standard deviation 

Statistical analysis. The general model (2-trait, 
linear-threshold) was:  

 
Y= Xβ + Zα + ε 

 

where, Y is the vector of observations (BCS, YW and MW, 
and HH), β is the vector of non-genetic effects 
(contemporary group, reconception score, calving order, 
calf C, M, EF scores, age at first calving, calving interval, 
gestation length, YW, MW and HH and calf weaning 
weight, with the last seven effects as covariates); α is the 
vector of the effects of direct additive genetic values of 

each animal and ε is the vector of random residual effects; 
X and Z are incidence matrices relating observations to 
non-genetic and direct additive genetic effects, respectively.  
Linear and quadratic effects of animal age on the 
measurements were considered in the analyses of YW and 
MW.  

The GIBBS2F90 program was used (Misztal 
(2013)) to fit the animal model. Three chains with length of 
500,000 cycles were generated and the burn-in period was 
50,000, for HH and YW analyses. It was necessary 600,000 
cycles with 60,000 chains of burn-in for MW. Each chain 
had been initiated from different initial values. The samples 
were stored every 50 cycles. The convergence of the chains 
generated by the Gibbs sampling was monitored by 
graphical analysis, descriptive statistics, based on Geweke 
and Heidelberger diagnosis test, using the R software 
‘coda’ package (R Development Core Team, (2012)).  

 
 

Results and Discussion 
 

All effects considered in the models were 
significantly important (P<0.05). The analysis of the chains 
showed that discard period and sampling interval were 
sufficient to determine convergence. For all evaluated traits, 
no significant differences were observed between the 
central tendency measurements of the estimated parameters, 
indicating symmetry of posterior distributions. Regarding 
heritability estimates, the limits of the higher posterior 
density containing 95% of the observations were moderate 
(Table 2). For each studied trait, the uni-trait analyses were 
also performed and the estimated heritability values were 
the same as the bi-traits.   

 
Table 2. Summary statistics for the marginal posterior 
distribution of variance components and the heritability 
of Body Condition Score (BCS), Long Yearling Weight 
(YW), Mature Weight (MW) and Hip Height (HH) of 
Nellore cows. 

Trait Mean SD* TS-SE** HPD 
lower*** 

HPD 
 upper*** 

  h2BCS 0.224 0.026    0.0007    0.1747  0.2763 
  h2HH 0.235 0.026    0.0008    0.1837  0.2896 

rg -0.748 0.066    0.0040   -0.8808 -0.6144 
re -0.074 0.024    0.0007   -0.1220 -0.0270 

 h2BCS 0.226 0.027   0.0007    0.1734  0.2814 
h2YW 0.482 0.030   0.0005    0.4269  0.5466 

rg -0.178 0.066   0.0014  - 0.3072 -0.0447 
re -0.041 0.030   0.0005  - 0.1030  0.0163 

  h2BCS 0.301 0.074   0.0017 0.2965 0.4289 
  h2MW 0.362 0.034   0.0009 0.1581 0.4442 

rg 0.194 0.097   0.0036 0.0105 0.3884 
re 0.199 0.096   0.0029 0.0110 0.3846 
*SD = standard deviation 
**TS-SE = time series standard error (for adjusting the “naïve” standard 
error for autocorrelation) 
***HPD = highest posterior density (lower and upper limits for the interval 
at 95%) 
rg=genetic correlation between two traits in the considered model 
re= environmental correlation between two traits in the considered model 

 



BCS and HH. Results from the BCS and HH 
analysis showed moderate heritability (0.22 and 0.23, 
respectively) for both traits analyzed. The genetic 
correlation between these two traits was high and negative, 
indicating that the increase in height reduces the cow body 
condition. The value of HH heritability in this research was 
lower than some studies that used other breeds, ranging 
from 0.36 to 0.93 (Santana Jr. et al. (2013); Tessema et al. 
(2013)). However, the genetic correlation between BCS and 
HH has not been found in those studies. Furthermore, we 
used a larger number of animals, raised in different 
conditions, so this fact may have contributed to more 
accurate estimates. Even though BCS and HH are heritable 
in the same proportion, the use of BCS as an indirect 
measurement is justified because determining HH is a 
longer and more laborious process than the BCS.  
According to Parish et al. (2012), differences in the 
structure of animal skeleton and muscles can create ridges 
on the measurement local and overestimate the values of 
HH. Moreover, there is no standard measurement method, 
which contributes to assessment values not consistent with 
reality.      

BCS and YW. Results from the BCS and YW 
analysis showed moderate heritability (0.22) for first trait 
and high heritability (0.48) for the second one. The 
correlation between these two traits was negative and weak 
(-0.17), suggesting that the increase in YW would result in 
a small reduction of BCS. This negative value could be 
attributed to the different time in which the measurements 
were performed. In this research, BCS was measured at 
maturity age (Table 1). In addition, variation in weight at 18 
months may result from the maternal effect, which does not 
occur with BCS since it is generally determined at maturity. 
Souza et al. (2011) also worked with Nellore and reported 
much lower heritability for YW (0.09).  

 
BCS and MW. The heritability estimate for 

mature weight (0.36) was lower than YW (0.48). The YW 
was taken when the animals were still growing and the 
differences in weight among them can be more expressive. 
On the other hand, the weight in adult animals is already 
stabilized, so the differences among cows are less 
pronounced, reflecting in less variation. The correlation 
between BCS and MW was positive but weak (0.19). This 
value for the correlation suggests that lithely heavier mature 
cows could have a better body condition score. The 

heritability of BCS in this analysis was a bit higher than the 
estimates in the other ones. Also the lower and upper limits 
for the confidence interval in the analysis for BCS-MW 
were out of the borders of the confidence intervals for BCS-
HH and BCS-YW. The models BCS-MW differed from the 
other two regarding the definition of contemporary group, 
of cycles and burn-in period, and this could have some 
influence on these results. Similar heritability estimates for 
MW of cows in beef herds have been previously reported 
by Crowley et al. (2011) and Costa et al. (2011).  

 
Conclusion 

 
The four traits analyzed are heritable and can 

respond to selection. BCS can be used as a predictor of cow 
height, and as indirect measurement to correct animal size 
while small cows would be more indicated. In contrast, no 
association between BCS and the weights was observed 
hence using this score would not result in improvement for 
growth traits.  

 
Literature Cited 

 
Arango, J. A., Cundiff, L. V. and L. D. Van Vleck (2002). 

J. Anim. Sci. 80:3142–3149 
Costa, R. B., Misztal, I., Elzo, M. A., et al. (2011). Journal 

of Animal Sci.89: 2680-2686 
Crowley, J. J., Evans, R. D., HughJ., N. Mc. et al. (2011) 

Journal of Anim. Sci. 89:3372–3381 
Machado R., Corrêa R. F., Barbosa R. T. et al. (2008). 

EMBRAPA, São Carlos, Brasil Circular Técnica 57, 
pp.16. 

Meyer, K. (1995). Livestock Production Sci. 44:125-127 
Misztal I 2013.Available at: 

http://nce.ads.uga.edu/~ignacy/newprograms.html; 
Accessed on: February 21, 2013 

Parish, J. A., PAS, Bourg, B. M, et al. (2012). The 
Professional Animal Scien. 28:292-299 

Queiroz, S. A., Oliveira, J. A., Costa, G. Z., et al. (2011). 
Animal 5:838-843.  

Riley, D. G., Coleman, S. W., Chase, C. C., et al. (2007). 
Journal of Animal Sci.85: 42-52 

Santana Jr, M. L., Eler, J. P., Cucco, D. C., et al. (2013). 
Livestock Production Sci. 154:13-18  

Souza, J. C., Silva, L. O. C., Gondo, A., et al. (2011) 
Archivos de zootecnia.6: 461 

Tessema, T., P. Sopannarath, S. Tumwasorn et al. (2013). 
Kasetsart J. (Nat. Sci.) 47:85-93 

Vargas, C. A., Elzo, M. A., Chase, Jr., et al. (2000). Journal 
of Animal Sci.78: 3045-3052 

 
 
 


