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Abstract 
The objective was to determine the best nonlinear and linear model to estimate the 
body weight (BW) of males and females of Holstein (Ho) and Brown Swiss (BS) 
crossed with Zebu (Z) cattle under two management systems, measuring the thoracic 
perimeter (TP). 1577 observations of BW and TP measurements from the male and 
female BS and Ho crossed with Z cattle under two management systems (Estación 
Experimental La Posta and Matias Romero). Measurements were taken every 28 days 
from 2006 to 2008 year. An analysis of nonlinear regression of the models, Gamma 
Function, Brookes and the multiplicative was performed with the software Scientist, 
which obtained the coefficients a, b, c and the indicators of goodness of fit MSC, R, 
R2, C and multiple linear regression of the body weight (BW) vs thoracic perimeter 
(PT) in its linear and quadratic form. To the nonlinear model variables a completely 
randomized experimental design was applied, having the factors: model, gender and 
management systems. The results showed that there was no statistically significant 
difference (P≥0.05) among the factors, models and management systems for the 
analyzed variables, although for the factor gender, male data adjusted better than 
females data in predicting body weight from thoracic perimeter. TP and TP2 were 
significant (P≤0.05) in the estimation of body weight. The nonlinear model of the 
gamma function and linear TP-TP2 properly estimate the body weight from chest 
circumference for cattle in the Mexican tropics. 
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Introduction 

 
Knowledge of cattle’s body weight (BW) is 

considered of great importance as it is a tool that leads 
to the overall improvement of systems of tropical, dairy 
in growth evaluation, planning of nutrition, 

reproduction and animal health in the different 
categories of animals, the establishment of 
homogeneous flocks, the use of food resources, the 
application of medicine, observation and breeding. 
However, implementation of technology requires the 
use of scales that represent a high cost for
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producers in developing countries, limiting their 
presence in dairy tropical systems. The most used 
zoometric measures that have been significant to 
estimate the body weight of cattle were chest 
circumference and height at the withers (Alderson, 
1999; Mahecha et al., 2002; Saacti and Tilki, 2007). 
The models that have been used to estimate the BW 
from the chest circumference are polynomial and 
exponential. Garcia et al. (2009) conducted an 
evaluation of different polynomial models to predict the 
body weight from the chest circumference and found 
that the multiplicative mathematical model showed the 
best correlation coefficient for Holstein females. In the 
case of exponential models, Mahecha et al. (2002) 
(Gamma function) and Mauricio and Rodríguez (1996) 
using the method proposed by Brookes and Harrington 
(1960) found good fits, with results of 95% confidence 
in the estimation of cattle’s body weight. Therefore, it 
was established as objective to determine the body 
weight of males and females HoxZ and BSxZ in dairy 
tropical system measuring chest circumference, by 
means of different models in the management systems 
of dual purpose in the Mexican tropic. 
 
Materials and Methods 
 

This research was conducted at the Experimental 
Stations (ES) La Posta and Matias Romero of the 
National Research Institute of Forestry, Agriculture and 
Livestock (INIFAP-Instituto Nacional de 
Investigaciones Forestales Agrícolas y Pecuarias-) 
through the years 2006 to 2008. The ES La Posta is 
located at Km 22.5 on the Veracruz -Cordoba highway, 
Paso del Toro, Medellin, Veracruz. It is located at 
latitude 19°00'49" and longitude 96°08'19" with a 
height of 10 meters above sea level (INEGI, 2009). The 
climate is warm sub-humid Aw2 type, with an average 
annual rainfall of 1461 mm, relative humidity of 77.4% 
(Vidal, 2005), and average temperature of 25°C. The 
ES Matias Romero is at 152.5 Km of the Transísmica 
Coatzacoalcos-Salina Cruz Highway, Matias Romero, 
Oaxaca, at latitude 17°12'05", longitude 95°03'04" and 
a height of 50 meters above sea level (INEGI, 2009). 
The climate is hot and humid Am type, with an average 
annual temperature of 25.6°C and average annual 
rainfall of 2250 mm. Herds from ES La Posta and ES 
Matias Romero had genotypes HoxZ and BSxZ. They 
were managed under intensive rotational grazing with 
electric fencing, feeding was grazing on Pangola 
(Digitaria decumbens), Taiwan (Pennisetum 
purpureum), Africa star grass (Cynodon 
plectostachyus), Signal (Brachiaria decumbens), 
Insurgent (Brachiaria brizantha) and Tanzania 
(Panicum maximum cv. Tanzania) and on the critical 
dry season they were supplemented with a diet based on 

corn or sorghum silage. The measurement of weight 
and chest circumference was performed every 28 days, 
from weaning to 36 months of age, using a Truper® 
fiberglass measuring tape, graduated on both sides and 
a Tru-Test electronic scale with capacity of 1500 kg. 
1,577 records of male and female cattle (HoxZ and 
BSxZ) under two management systems were used in 
total: the ES La Posta had an average daily weight gain 
of 300 g and the ES Matias Romero had daily gains of 
400 g. 
Nonlinear models used are described below. 

 
cbTPTPaBW ++= )(lnexp ; Brookes and Harrington 

(1960) 
cbTP TPaBW exp= ; Gamma Function, cited by 

Mahecha et al. (2002) 
baTPBW =  ; Multiplicative 

Where: BW = Body weight; TP = Thoracic perimeter; 
a, b, c = Coefficients 

 
A nonlinear regression analysis was performed 

with each one of the models, for which the Scientist 
software was used, with this the coefficients a, b, c, 
were obtained for the factors used generating the 
prediction equations. In addition, a goodness of fit test 
was applied using a residual analysis as model selection 
criterion (MSC), the coefficient of determination (R), 
R2 and correlation (C). Also the X2 test was carried out 
to verify whether there was difference between the 
estimated value and the observed value at a significance 
level of 95%. 

The MSC was used to define which of the model 
and equation better fit the observed data. The MSC 
provides categories between models as the Akaike 
information criterion that has been standardized and is 
independent of the data scale. In the study, generally 
the most appropriate model is the one with the highest 
MSC value (because the purpose is to maximize the 
information of the model) whose expression is as 
follows. 
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Where: Ln= Natural logarithm, n= Number of points, 
Wi= Weight applied to each point. 

Ycal= Calculated weight, Yobs= Observed weight. 

p= Number of parameters (equivalent to the number of 
degrees of freedom). 

The experimental design applied was completely 
randomized, with factors as models, gender, and system 
management (SM). 
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Table 1: Effect of the different models on indicators of goodness of fit for body weight and thoracic perimeter of Holstein 
and Brown Swiss crossed with Zebu in tropical dairy 

Indicators of Goodness of fit 
Brookes (1,577) Gamma (1,577) Multiplicative (1,577) 

Mean SEM Mean SEM Mean SEM 
MSC 2.32a 0.064 2.35a 0.064 2.35a 0.064 
R 0.9082a 0.00658 0.9032a 0.00658 0.9028a 0.00658 
R2 0.9946a 0.00035 0.9941a 0.00035 0.9939a 0.00035 
Correlation, C 0.9511a 0.00590 0.9505a 0.00590 0.9397a 0.00590 

a,bDifferent letters between columns imply statistical difference (P≤0.05). Means were compared by the Tukey method. SEM = 
Standard Error of the Mean. () = Number of observations. 
 
Table 2: Effect of two different management systems on indicators of goodness of fit for body weight and thoracic 

perimeter of Holstein and Brown Swiss x Zebu cattle in tropical dairy 

Indicators of Goodness of fit 
ES La Posta (885) ES Matías Romero (640) 

Mean SEM Mean SEM 
MSC 2.34a 0.058 2.34a 0.047 
R 0.9037a 0.00597 0.9058a 0.00487 
R2 0.9939a 0.00032 0.9944a 0.00026 
Correlation, C 0.9483a 0.00535 0.9459a 0.00437 

a,bDifferent letters between columns imply statistical difference (P≤0.05). Means were compared by the Tukey method. SEM = 
Standard Error of the Mean. () = Number of observations. 
 
Table 3: Effect of gender on indicators of goodness of fit for body weight and thoracic perimeter of Holstein and Brown 

Swiss X Zebu cattle in tropical dairy 

Indicators of Goodness of fit 
Females (652) Males (924) 

Mean SEM Mean SEM 
MSC 2.03b 0.052 2.66a 0.052 
R 0.8750b 0.00539 0.9345a 0.00539 
R2 0.9947b 0.00029 0.9936a 0.00029 
Correlation, C 0.9293b 0.00484 0.9650a 0.00484 

a,bDifferent letters between columns imply statistical difference (P≤0.05). Means were compared by the Tukey method. SEM = 
Standard Error of the Mean. () = Number of observations. 

 

ijklkjiijkl SMSMY ξµ ++++=  

 
Y ijkl  = Response variables (MSC, R, R2 y C) 
µ = Population mean, Mi= Models, Sj= Gender, SMk= 
Management system 
ξijkl  = Experimental error 
 

A multiple linear regression analysis and the 
corresponding analysis of variance was performed to 
determine if both or one of them was significantly 
important in the equation of body weight vs thoracic 
perimeter in its linear (TP) and quadratic (TP2) forms, 
evaluating autocorrelation and independence with the 
Durbin-Watson (d) statistic, this was applied for the 
factors: genotype, gender and ES. 

 
Results and Discussion 
 

Table 1 shows the results of the effect of the 
different mathematical models on indicators of 
goodness of fit, related to the chest circumference and 
body weight of European cattle (Holstein and Brown 
Swiss) crossed with Zebu. The MSC results indicate a 
good fit, but they are statistically equal (P≥0.05) among 

the models used, protruding models Gamma Function 
and the Multiplicative with values of 2.35 both. 

In the case of R, R2 and C in the models no 
statistical differences (P≥0.05) were present, exceeding 
the levels of 0.9 each one. Although there was no 
significant difference between the tested models, 
regardless they can predict body weight from the chest 
circumference, which confirms the results found by 
Mahecha et al. (2002) and Colin et al. (2010) in the 
case of the Gamma function model and Solis et al. 
(1987) and  Garro and Rosales (1996) for the model 
proposed by Brookes. 

The results of the effect of two different 
management systems on the indicators of goodness of 
fit, body weight and chest circumference of bovine 
HoxZ and BSxZ in tropical dairy are shown in Table 2. 
It is noted that there was no statistical difference 
(P≥0.05) between the management system practiced in 
the ES La Posta and ES Matias Romero for the MSC 
indicator. 

In Table 3 a statistically significant difference 
(P≤0.05) is observed in the MSC value, in the case of 
males as they have a better fit (2.66) than females 
(2.03), this was also evident for the value R (0.934) 
where in males a better performance was found than in 
females (0.875). 
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Table 4: Multiple linear regression analysis, tp tp2, for the factors genotype, gender and management system 
Genotype Gender MS n TP TP2 Predictive Model  R2 d 

Ho/Z F Matías 233  * -23 – 0.20 PT + 0.0141 PT2 0.90 1.08 
Ho/Z M Matías 166  * 25 – 1.84 PT + 0.0233 PT2 0.91 1.79 
BS/Z F Matías 101  * 196 – 3.1 PT + 0.0236 PT2 0.88 1.45 
BS/Z M Matías 161   -177 + 1.17 PT + 0.0127 PT2 0.88 1.46 
Ho/Z F Posta 200   18 – 1.17 PT + 0.0183 PT2 0.84 1.57 
Ho/Z M Posta 417  *  -36.4 + 0.5 PT + 0.0166 PT2 0.94 1.77 
BS/Z F Posta 86  * 363 – 5.98 PT + 0.0355 PT2 0.85 1.56 
BS/Z M Posta 213   -32 – 0.76 PT + 0.0186 PT2 0.91 1.97 

Ho= Holstein, BS= Brown Swiss, Z= Zebu, F= Female, M= Male, TP= Thoracic perimeter, R2= Coefficient of Determination, d= 
Durbin-Watson, * (P≤0.05). 
 
Table 5: Multiple linear regression analysis, tp tp2, for the factors genotype and gender 

Genotype Gender EF n TP TP2 Predictive Model  R2 d 
Ho/Z F - 433  *        -101 – 0.55 PT + 0.0125 PT2 0.89 1.30 
Ho/Z M - 583  *      -16.4 – 0.924 PT + 0.0187 PT2 0.92 1.60 
BS/Z F - 187  *          120 – 2.18 PT + 0.0209 PT2 0.89 1.44 
BS/Z M - 374  *       -177 + 1.17 PT + 0.0127 PT2 0.88 1.46 

Ho= Holstein, BS= Brown Swiss, Z= Zebu, F= Female, M= Male, TP= Thoracic perimeter, R2= Coefficient of Determination, d= 
Durbin-Watson, * (P≤0.05). 
 
Table 6: Multiple linear regression analysis, tp tp2, for the factor genotype 

Genotype Gender EF n TP TP2 Predictive Model R2 d 
Ho/Z - - 1016 * * 33.6 – 1.55 PT + 0.0205 PT2 0.92 1.46 
BS/Z - - 561 * * 79.9 – 2.25 PT + 0.0236 PT2 0.90 1.62 

Ho= Holstein, BS= Brown Swiss, Z= Zebu, F= Female, M= Male, TP= Thoracic perimeter, R2= Coefficient of Determination, d= 
Durbin-Watson, * (P≤0.05). 
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Fig. 1: Graph relating body weight and thoracic perimeter 

of bovines in tropical dairy 
 

For the other variables such as R2 and C the same 
trend was present, that is, the best performance of the 
observed data fitting models to predict body weight was 
observed in males in both experimental fields or two 
different management systems. 

The results of the Chi square test performed on the 
observed data and estimated by the models proposed by 
Brookes and Harrington, of the gamma function and 
multiplicative in HoxZ and BSxZ cattle of females and 
males in both management systems, indicate that there 
was no statistical difference between the observed and 

estimated body weights with a confidence level of 95%, 
being consistency among data.                                              

In Figure 1, the graph of body weight and thoracic 
perimeter of bovines kept in tropical dairy systems with 
the Gamma Function model is observed, dark points 
refer to the data obtained with the adjustment by the 
exponential equation, and lighter points are the 
observed data. 

Table 4 shows the results of the quadratic 
polynomial regression analysis of TP for the genotype, 
gender and EF. It is noted that the response variable TP, 
in its linear form, was not significant (P≥0.05) for any 
of the factors. In the quadratic form it was significant 
(P≤0.05) for the prediction equation of body weight in 
male (HoxZ) and females (BSxZ) from the EF Matias 
Romero. For HoxZ genotypes males and females from 
the EF La Posta, variable TP2 was also significant 
(P≤0.05). Khalil  and Vaccaro (2002) using dual 
purpose Venezuelan cows, included a second measure 
of TP, noting that the inclusion of the body length 
improved the accuracy of the prediction equation (R2 = 
0.87 vs 0.89), which revealed the non-compensation to 
take more zoometric measures, since a very slight 
increase of the estimator R2 occurred (Garcia et al., 
2009). 

In Table 5, it is observed that in the quadratic form 
TP was significant (P≤0.05), for the polynomial model 
with body weight, for the combined effect of genotype 
and gender. The autocorrelation is lower for females in 
both genotypes, but males with both genotypes are 
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considered independent because the values are between 
1.5 and 2.5. 

In Table 6, the results of the polynomial regression 
analysis TP–TP2 is presented. For genotype factor, 
thoracic perimeter in its linear and quadratic form is 
significant (P≤0.05). It is further noted that the R2 value 
was greater than 0.90, indicating a good correlation 
between body weight and TP in the linear and quadratic 
form. D values indicate a slight autocorrelation. 
Mauricio and Rodrigo (1996) cited by Garcia et al. 
(2009), worked with Zebu cattle, using 2105 animals 
obtained confirmation that the best predictor of weight 
is the TP with a coefficient of determination of R2 = 
0.92. 
 
Conclusion 

In selecting the best model to predict body weight, 
it was considered to choose the Gamma Function, 
although not statistically different, but showed the 
highest values in the indicators of goodness of fit and 
also did not present statistical difference in the Chi 
Square test. The estimation of body weight can also be 
done using the thoracic perimeter with the linear model 
TP, TP2 in cattle genotypes HoxZ and BSxZ in the 
tropics, the latter being a better option for ease of 
calculation. 
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