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  INTRODUCTION 
Body weight is a very important aspect of sheep produc-
tion. Knowledge of an animal's body weight is necessary 
for determining its food maintenance and growth require-
ment, administering the correct amount of medication, 
choosing replacement males and females and estimating its 
weight at market. Often, farmers rely on visual assessment 

to determine the animal’s body weight, which is not an ac-
curate method for good sheep management. Thus, the easi-
est way to assess an animal′s body weight is to weigh the 
animal using a weighing scale. However, because of its 
prohibitive price, the weighing scale is often not available 
to most of rural livestock farmers. Therefore, there is a need 
to estimate sheep body weight from simple and easily 
measurable variables such as linear body measurements. 

 

The objective of this study was to determine the relationship between body weight (BW) and heart girth 
(HG) in Sardi and Timahdite sheep in order to develop a prediction equation of BW from HG. The data 
used for this study included 476 records on BW and HG (227 in Sardi and 249 in Timahdite) collected on 
males and females of different ages in 33 private farms. The BW and the HG averaged 34.8 ± 21.2 kg and 
74.0 ± 16.3 cm, respectively in Sardi and 39.2 ± 22.7 kg and 78.4 ± 16.4 cm, respectively in Timahdite. 
Correlation coefficients between BW and HG were 0.958 in Sardi and 0.944 in Timahdite indicating a 
strong relationship between the two variables. Six predictive models for BW were fitted to the data; simple 
linear regression, polynomial quadratic and cubic regressions and three non-linear regressions (Gompertz, 
allometric and Mitscherlich). These models were used for the pooled data (regardless of breed and sex), 
separately for all the animals of a breed regardless of sex (breed-specific) and separately for males and fe-
males irrespective of breed (sex-specific). To determine the best fitted regression model, coefficient of de-
termination (R2 or Pseudo-R2), residual mean square (MSE) and Akaike information criterion (AIC) were 
used. The six models fitted the dataset well since their R2 or Pseudo- R2 varied from 0.892 to 0.969. Never-
theless, based on the previous selection criteria, it seemed that the polynomial cubic model was the best and 
the allometric model should be discarded. Extreme observations of the three best models were checked us-
ing studentized residuals and an absolute value greater than two standard deviations implies considerable 
deviation. Once the outliers discarded, the best models were run on the clean dataset and compared. Thus, 
for the pooled data, Sardi breed and females, the Mitscherlich model was appropriate, whereas for Ti-
mahdite breed and males, cubic and Gompertz models, respectively were the best. Therefore, a tape meas-
ure was developed for each animal category in order to assist livestock farmers in managing their sheep 
better. 
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Many body measurements (e.g., heart girth, wither height, 
body length…) have been used to estimate body weight of 
sheep (Baffour-Awuah et al. 2000; Afolayan et al. 2006; 
Kunene et al. 2009; Mohammad et al. 2012; Melesse et al. 
2013; Ravimurugan et al. 2013; Shirzeyli et al. 2013). The 
heart girth is generally accepted as the most suitable single 
variable (Sarti et al. 2003; Olatunji-Akioye et al. 2009; 
Mahieu et al. 2011; Birteeb and Ozoje, 2012; Musa et al. 
2012; Melesse et al. 2013), because of its high correlation 
with body weight 0.83-0.98; (Baffour-Awuah et al. 2000; 
Afolayan et al. 2006; Ravimurugan et al. 2013; Shirzeyli et 
al. 2013) and its easiness to measure using a simple meas-
uring tape. Moreover, the importance of heart girth in 
weight estimation could be a result from the fact that mus-
cle and some fat along with bone structure contribute to-
wards its formation (Kurnianto et al. 2013). Thus, regres-
sions were fitted to obtain prediction equations of body 
weight from heart girth using simple linear, polynomial and 
/ or non-linear functions (Sarti et al. 2003; Mahieu et al. 
2011). No reports have yet been published on body weight 
and heart girth relationships in the Moroccan sheep. There-
fore, knowledge of these relationships is essential for sheep 
breeding and management. However, different models 
might be needed to predict body weight in different envi-
ronmental conditions, body conditions and breeds 
(Enevoldsen and Kristensen, 1997). The objective of this 
study was to predict body weight based on heart girth in 
Sardi and Timahdite sheep using different regression mod-
els in order to provide a practical method to determine body 
weight of sheep for those farmers who are not able to pur-
chase their own weighing scales.  

 

  MATERIALS AND METHODS 
Breeds studied 
The Sardi breed has animals with white heads and black 
spots around the nose, mouth and eyes; is thin-tailed and 
the rams have strong spiral horns. The body fleece is white 
and the legs are bare. Adult rams and ewes generally have 
height at withers of 80-90 cm and 60-70 cm, respectively. 
The Sardi is an excellent meat breed and is highly desired 
for the religious celebrations of the Aïd Al Adha. Its popu-
lation number was estimated to 2154194 sheep (Boujenane, 
1999; Boujenane, 2005). Timahdite have brown faces, 
white, coarse fleece, and white legs. The tail is thin and 
horns are present in rams, but ewes are polled. Adult rams 
and ewes generally have respective height at withers of 70-
80 cm and 55-65 cm. The Timahdite breed is valued for 
high milk production, good conformation, ease of fattening 
and a high carcass yield, along with excellent adaptation. 
The population number of Timahdite breed was estimated 
to 1910881 sheep (Boujenane, 1999; Boujenane, 2005). 
  

Data collection 
Data were collected from 476 sheep of Sardi (227 records) 
and Timahdite (249 records) local breeds in 33 private 
flocks located in the breeding area of each breed. In each 
flock, animals of both sexes and of different weights / ages 
were measured. Measurements were restricted to animals 
not weighing less than 10 kg, because weight of lighter 
lambs is not very necessary as they are still suckling, and 
not weighing more than 100 kg, because heavier animals 
are scarce, especially in Timahdite breed. Additionally, 
pregnant ewes were excluded from sampling since preg-
nancy in its different stages has an effect on body weight 
(Kunene et al. 2007). Measurements recorded were live 
body weight and heart girth. Body weights of sheep were 
taken early in the morning with an overnight fasting and 
before their release for feeding using an electronic scale 
(Gallagher Group LTD Private Bag W610, 3026 Hamilton, 
New Zealand). Heart girth measurement was the circumfer-
ence of the chest taken just behind the withers from the 
right side of the animal by the same operator, using the 
measuring tape (with records taken to the nearest cm) after 
restraining and holding the animal on a flat surface. Also 
recorded were sex and age of each animal. The age of ani-
mals was estimated from teeth inspection by counting the 
number of permanent incisors. 
 

Statistical analyses 
Statistical analyses were carried out using the SAS (2002). 
Descriptive statistics for body weight and hearth girth were 
obtained using PROC MEANS. The PROC CORR was also 
used to compute the Pearson correlation. The least-squares 
analysis of variance was conducted using the GLM proce-
dure. The model fitted included the fixed effects of breed (2 
levels: Sardi and Timahdite), sex (2 levels: male and fe-
male), age (4 levels: milk set of teeth, one pair, two pairs 
and three or four pairs of permanent incisors) and the sig-
nificant 1st order interactions between them.  
 

Prediction models 
Simple linear, polynomial and non linear regressions were 
fitted to obtain prediction equations of body weight from 
heart girth using REG and NLIN procedures (SAS, 2002). 
The REG procedure was used to determine the simple lin-
ear and polynomial quadratic and cubic regressions and 
NLIN procedure was used to determine the non-linear re-
gressions. The non-linear functions used were Gompertz, 
allometric and Mitscherlich. Thus, the six models studied 
were: 
 

Simple: BW= a + b1 × HG (Model 1) 
Quadratic: BW= a + b1 × HG + b2 × HG2 (Model 2) 
Cubic: BW= a + b1 × HG + b2 × HG2 + b3 × HG3  
(Model 3) 
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Gompertz: BW= A × exp(-B×exp(-K×HG)) (Model 4) 
Allometric: BW= A × HGB (Model 5) 
Mitscherlich: BW= A + B × exp(K×HG) (Model 6) 
 
Where: 
BW: body weight (kg).  
HG: heart girth (cm). 
a, b1, b2, b3, A, B and K: constants. 
 

As in the study of Benyi (1997) on goats, these models 
were used separately for the pooled data (regardless of 
breed and sex), for all the animals of a breed regardless of 
sex (breed-specific) and separately for males and females 
irrespective of breed (sex-specific).  
 
Criteria for model selection 
To determine the best fitted regression model, we used: 
Coefficient of determination, R2= 1 – (residual sum of 
squares/corrected total sum of squares) 
Residual mean square, MSE= (residual sum of squares/n-p) 
Akaike information criterion, AIC= n × log(residual sum of 
squares/n) + 2p 
 
Where: 
n: number of records. 
p: number of parameters in the model.  
 

However, since R2 definition requires the presence of an 
intercept, R2 is unfortunately not readily defined in non-
linear regressions that fit Gompertz and Allometric func-
tions. Nevertheless, the Pseudo- R2, a measure relatively 
closely corresponding to R2 in the non-linear case, was 
computed: 
 
Pseudo – R2= 1 – (residual sum of squares/uncorrected total 
sum of squares-ny2) 
 
Where:  

y : average body weight. 

 
Moreover, Ratkowsky (1990) reported that the R2 is no 

longer useful in non-linear regression. He advocated the use 
of: 
R2

adj= R2 – |(p-1)/(n-p)×(1-R2)|. 
However, since in this study both R2 and R2

adj were very 
similar due to the large number of observations present, R2 
was used. Additionally, for simple linear and polynomial 
quadratic and cubic regressions, the AIC was given by the 
REG procedure, whereas for non-linear regressions; it was 
computed using the formula above. Thus, models resulting 
in higher R2 or Pseudo- R2, smaller MSE and smaller AIC 
were considered to be superior.  

Extreme observations of the best models were checked to 
determine their validity. The approach used was to express 
residuals as studentized residuals, that is (residual/√MSE), 
and an absolute value greater than two standard deviations 
implies considerable deviation (Kaps and Lamberson, 
2004). The extreme values may be due to errors in the 
measurement and recording process. INFLUENCE and R 
options of REG procedure were used to compute studen-
tized residuals. Once the outliers discarded, the best models 
were run on the clean dataset and compared based on the 
previous criteria. Thus, for each animal category, the model 
resulting in higher R2 or Pseudo- R2, smaller MSE and 
smaller AIC was retained for the final parameter calcula-
tion, and the regression equation was selected to predict 
body weight of sheep from heart girth. 
 

  RESULTS AND DISCUSSION 
Arithmetic and least-squares means 
The descriptive statistics for body weight and heart girth are 
shown in Table 1. Body weight and heart girth averaged 
37.1 kg and 76.3 cm, respectively. Body weight ranged 
from 10.2 to 100.0 kg in Sardi and from 10.4 to 99.5 kg in 
Timahdite sheep, whereas heart girth varied from 48.0 to 
112.0 cm and from 49.0 to 110.0 cm, respectively. Coeffi-
cients of variation for body weight were higher than those 
for heart girth. Also, those of Sardi were greater than those 
of Timahdite for both traits. Likewise, coefficients of varia-
tion of males were higher than those of females. This may 
be due to the great variability of weights observed in Sardi 
and in male sheep. 

The least-squares analysis of variance showed that body 
weight and heart girth were influenced by sex and age of 
sheep (P<0.001), but not by the breed (P>0.05). Body 
weight and heart girth of males were 28.4 kg and 12.1 cm, 
respectively greater than those of females (results not pre-
sented). This is expected as sheep have been shown to ex-
hibit sexual dimorphism in body weight right from birth. 
These differences between male and female sheep were 
similar to those reported by Baffour-Awuah et al. (2000) 
and Afolayan et al. (2006). As expected, sheep having 3 or 
4 pairs of permanent incisors had the highest body weight 
and heart girth and those with a milk set of teeth had the 
lowest measurements. The effect of age on body weight and 
heart girth is in agreement with those of Birteeb and Ozoje 
(2012) and Musa et al. (2012), who reported that mature 
animals had higher mean values for all body measurements 
than young animals. 

 
Prediction equations 
The relationship between body weight and heart girth is 
high (0.950) with a curvilinear tendency (Figure 1). 

646-639, )3(5) 5201(Animal Science Applied  ofn Journal Irania  641 

Arc
hive

 of
 S

ID

www.SID.ir



Estimation of Body Weight from Heart Girth Using Different Models  
  
  

 
 
 
 
 
 
 
 
 

However, this association decreased with the increase of 
sheep age. In agreement with Kunene et al. (2009), this 
may be explained by the fact that at maturity, body weight 
and heart girth are essentially a constant. The correlation 
coefficient was slightly higher in Sardi (0.958) than in Ti-
mahdite (0.944) and in males (0.975) than in females 
(0.954) (Table 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Relationship between body weight (BW) and heart girth (HG) in 
Sardi and Timahdite sheep 
 

The highest correlation coefficient reported in this study 
is similar to those of several authors (Baffour-Awuah et al. 
2000; Afolayan et al. 2006).  

Therefore, positive and highly significant (P<0.001) cor-
relation between body weight and heart girth indicates high 
predictability.  

 

 
 
 
 
 
 
 
 
 

Table 1 Number of records, arithmetic means, coefficients of variation (CV) and ranges for body weight and heart girth, and pearson correlation 
coefficients between them in sheep 

Body weight (kg) Heart girth (cm) Coefficient of Number of 
records 

Breed/Sex 
correlation Arithmetic mean CV (%) Range Arithmetic mean CV (%) Range 

Pooled data 476 37.1 59.5 10.2-100.0 76.3 21.6 48-112 0.950 

Sardi 227 34.8 60.9 10.2-100.0 74.0 22.1 48-112 0.958 

Timahdite 249 39.2 58.0 10.4-99.5 78.4 20.9 49-110 0.944 

Females 264 33.8 47.5 10.2-92.5 75.8 19.1 48-109 0.954 

Males 212 41.2 66.3 10.4-100.0 76.9 24.3 50-112 0.975 

This conclusion is in agreement with those of numerous 
researchers (Afolayan et al. 2006; Kunene et al. 2009; Me-
lesse et al. 2013), who concluded that heart girth can be 
used as a sole predictor of body weight. Prediction of body 
weight in sheep from heart girth was realised using differ-
ent regression models. The six models fitted the pooled data 
well, since their R2 or Pseudo- R2 varied from 0.892 to 
0.969. Regressions found in this study with R2 higher than 
0.892 closely resembled work done elsewhere, with regard 
to the relationship between heart girth measurement and 
body weight. Based on R2 or Pseudo- R2, MSE and AIC, it 
seemed that among linear and polynomial models, the pol-
ynomial cubic model was the best, and among the non-
linear models, the allometric model should be discarded, 
because it seemed to fit the corresponding values less accu-
rately. Thus for the pooled data (regardless of breed and 
sex), the polynomial cubic model estimated live weight 
more accurately (R2=0.954; MSE=22.8; AIC=1492.1), fol-
lowed by Mitscherlich and Gompertz non-linear models, 
which were similar (Table 2). Kunene et al. (2009) reported 
that the coefficient of determination R2 based on the use of 
linear heart girth was 0.71 but the third degree polynomial 
of heart girth increased R2 to 0.76. Also, Birteeb and Ozoje 
(2012) found that the R2

adj values associated with the quad-
ratic models of the yearling Wall sheep were generally 
higher than those associated with the simple linear models. 
In the present study, the simple linear regression, reported 
by Cam et al. (2010) and Musa et al. (2012) as the best 
model for predicting body weight from heart girth, was the 
less accurate model, since its R2 was the lowest and its 
MSE and AIC were the highest.  

When sheep were grouped by breed, the selection criteria 
showed that the six prediction models were better in Sardi 
than in Timahdite sheep. Focusing on the Sardi breed, the 
polynomial cubic model was the best (R2=0.961; 
MSE=17.8; AIC=657.0) and next better were the Gompertz 
and Mitscherlich models that had similar R2 or Pseudo- R2, 
but the Mitscherlich model had lower MSE and AIC (Table 
3). For Timahdite sheep, the Gompertz model did not con-
verge. The polynomial cubic and Mitscherlich models were 
the best since their R2 were the highest, but the cubic model 
had lower MSE and AIC (Table 3).  
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Again, for Sardi and Timahdite sheep, the simple linear 

regression was the less accurate among the six models. 
Kunene et al. (2009) reported that although the coefficients 
of determination were slightly higher for the polynomial 
than those of the simple linear regression models, the dif-
ferences were minimal, and hence both types of equations 
can be used to best estimate the live body weight of Zulu 
sheep aged 22 months and below. 

When sheep were grouped by sex, prediction models of 
males were more accurate than those of females on the ba-
sis of R2 or Pseudo- R2 and AIC, but not on the basis of 
MSE (Table 4). The fact that higher R2 were realized in 
males than in females may be explained by the likely dif-
ference of the fat deposition in the two sexes as reported by 
Bassano et al. (2003). Furthermore, the best prediction 
equation for predicting the body weight from heart girth in 
females was given by the cubic model, since it had the 
highest R2 (0.945) and the lowest MSE (14.2) and AIC 
(705.2) followed by Gompertz and Mitscherlich models 
that were similar with a small advantage for the latter mod-
el (Table 4). In males, Gompertz and quadratic models 
(since quadratic and cubic models were practically the same 
because the last coefficient of the cubic model did not differ 
significantly from zero) were the best, with a small advan-
tage for the former model (R2=0.969; MSE=23.5; 
AIC=672.7), whereas the Mitscherlich and the simple linear 
models were the worst. 

 
 
 
 
 
 
 
 
 

Table 2 Linear and non-linear regression equations for estimating body weight from heart girth in sheep for the pooled dataa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Mahieu et al. (2011) reported that the best models for 

predicting body weight from heart girth in goats were the 
quadratic and Gompertz models. However, Birteeb and 
Ozoje (2012) reported that among the two years old wall 
sheep, liveweight prediction is easier and better done with 
the use of simple linear models than quadratic models irre-
spective of the linear body measurement (trait) used as the 
regressor. 
 
The optimum model 
From the first analysis, the cubic, Gompertz and Mitscher-
lich models were considered to be the best for predicting 
body weight from heart girth in studied sheep and therefore 
they were used for further analyses. Thus, extreme observa-
tions from these models were checked using studentized 
residuals, and outliers were discarded. The percentage of 
discarded records was 8.96%. Once the outliers discarded, 
the three models were run on clean datasets and compared 
based on R2 or Pseudo- R2, MSE and AIC criteria. Analyses 
indicated that the exclusion of outliers resulted in signifi-
cant improvements in selection criteria, e.g. R2 or Pseudo- 
R2 varied from 0.953 to 0.983 and hence in the accuracy of 
prediction. Moreover, for the pooled data (regardless of 
breed and sex), the prediction equation using Mitscherlich 
function was found to be the best for estimating the body 
weight (Pseudo-R2=0.971; MSE=12.0; AIC=1113.0) (Table 
5).  

Model Regression equations R2 or Pseudo- R2 MSE AIC 

BW= -59953 + 1.272 × HG  Model 1 0.903 47.6 1840.3 
2 Model 2 BW= 54.423 + 1.788 × HG + 0.019 × HG 0.951 24.1 1518.4 

Model 3 BW= -85.269 + 3.812 × HG -0.053 × HG2 + 0.0003 × HG3 0.954 22.8 1492.1 

Model 4 BW= 13364052 × exp(-15.875×exp(-0.003×HG))  0.953 23.1 1496.7 

Model 5 BW= 0.00015 × HG2.838  0.948 25.2 1538.0 

Model 6 BW= -3.494 + 3.324 × exp(0.031×HG)  0.953 23.0 1496.4 
a BW: body weight and HG: heart girth.  
R2 : coefficient of determination; MSE: residual mean square and AIC: akaike information criteri. 

Table 3 Linear and non-linear regression equations for estimating body weight from heart girth in Sardi and Timahdite sheep regardless of sexa

Breed/model Regression equations R2 or Pseudo- R2 MSE AIC 

Sardi      
BW= -57.126 + 1.242 × HG  Model 1 0.917 37.3 823.2 

Model 2 BW= 46.173 - 1.569 × HG + 0.018 × HG2 0.958 19.1 672.7 

Model 3 BW= -86.480 + 3.798 × HG -0.052 × HG2 + 0.0003 × HG3 0.961 17.8 657.0 

BW= 179082 × exp(-11.729×exp(-0.004×HG))  Model 4 0.960 18.1 660.1 

Model 5 BW= 0.0002 × HG2.782  0.957 19.6 679.0 

BW= -5.725 + 4.075 × exp(0.029×HG)  Model 6 0.960 18.0 659.4 

   Timahdite  
BW= -63.354 + 1.308 × HG  Model 1 0.892 56.1 1004.6 

Model 2 BW= 61.644 - 1.980 × HG + 0.021 × HG2 0.945 28.4 836.0 

Model 3 BW= -88.369 + 3.991 × HG -0.056 × HG2 + 0.0003 × HG3 0.948 27.1 825.6 

Model 4 Did not converge - - - 
Model 5 BW= 0.0001 × HG2.901 0.942 29.8 847.6 

BW= -1.717 + 2.765 × exp(0.033×HG)  Model 6 0.948 27.3 826.1 
a BW: body weight and HG: heart girth.  
R2 : coefficient of determination; MSE: residual mean square and AIC: akaike information criteri. 
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The same function was also the good fit for estimating 

the body weight in Sardi breed (regardless of sex) (Pseudo-
R2=0.977; MSE=8.05; AIC=445.2) and in females (regard-
less of breed) (Pseudo-R2=0.964; MSE=9.03; AIC=548.8). 
However, the polynomial cubic model fits well the data in 
Timahdite breed (regardless of sex) (R2=0.969; MSE=14.6; 
AIC=628.0) and the Gompertz function is the best for esti-
mating the body weight in males (regardless of breed) 
(Pseudo-R2=0.983; MSE=11.6; AIC=488.5). Lawrence and 
Fowler (1997) reported that the relationship between live 
weight and heart girth is curvilinear for animals growing 
over a wide weight range.  

Atta and El Khidir (2004) also reported an increased co-
efficient of determination based on curvilinear functions 
when estimating the live weight using heart girth of 2-8-
month-old Nilotic sheep.  

Goe et al. (2001) suggested that higher order polynomial 
equations are more appropriate for predicting the weight of 
growing animals. Sarti et al. (2003) found that the quadratic 
model was considered the most suitable one to predict the 
weight from the chest girth in two Italian meat sheep breeds 
(Appenninica and Merinizzata italiana), whereas Mahieu et 
al. (2011) concluded that using Creole of Guadeloupe 
goats, the best fit was obtained with a Gompertz model. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 Linear and non-linear regression equations for estimating body weight from heart girth in females and males sheep regardless of breeda 

 
 
 
 
 
 
 
 
 
Regression equations with the best fit according to previ-

ous criteria were selected to predict body weight for all 
sheep, for each separate breed and for each separate sex. 

Thus, charts that convert the heart girth measure to body 
weight were set up, and tape measures graduated in cm and 
in corresponding kg for each sheep group were developed 
(Table 6).  

As an example, for a sheep (regardless of breed and sex) 
with a heart girth of 75 cm, the predicted body weight is 
30.5 kg. Corresponding weights for a male animal and a 
female animal (regardless of breed) are 33.4 kg and 29.8 
kg, respectively.  

The corresponding weight for a Sardi animal regardless 
of the sex is 31.2 kg and the one for a Timahdite animal is 
30.3 kg.  

Therefore, this tool that allows body weight estimation 
using heart girth alone will be very useful under field con-
ditions. 

Moreover, when the best prediction model for each group 
of animals (pooled data, breed-specific and sex-specific) 
was applied using the average values of the observed 
weights that fell in each 1 cm class of heart girth, the same 
predicted weights (with few differences in the first decimal) 
as those reported in Table 6 were obtained.  

 
 

Sex/model Regression equations R2 or Pseudo- R2 MSE AIC 

Females      

BW= -46.242 + 1.055 × HG  Model 1 0.909 23.4 834.6 
2 0.942 15.0 717.8 Model 2 BW= 35.066 + 1.195 × HG + 0.015 × HG

Model 3 BW= -85.546 + 3.769 × HG -0.051 × HG2 + 0.0003 × HG3 0.945 14.2 705.2 

BW= 607663 × exp(-12.791×exp(-0.003×HG))  Model 4 0.944 14.4 708.1 

Model 5 BW= 0.0004 × HG2.624 0.940 15.3 722.2 

BW= -4.852 + 4.011 × exp(0.029×HG)  Model 6 0.945 14.4 706.9 

Males     

BW= -68.255 + 1.423 × HG  Model 1 0.950 37.5 770.3 
2 0.969 23.6 673.3 Model 2 BW= 23.064 + 0.978 × HG + 0.015 × HG

Model 3 BW= 23.064 - 0.978 × HG + 0.051 × HG2 0.969 23.6 673.3 

BW= 510.300 × exp(-7.660×exp(-0.014×HG))  Model 4 0.969 23.5 672.7 

Model 5 BW= 0.0002 × HG2.750 0.968 23.6 672.5 

BW= -25.139 + 12.517 × exp(0.021×HG)  Model 6 0.968 24.1 677.4 
a BW: body weight and HG: heart girth.  
R2 : coefficient of determination; MSE: residual mean square and AIC: akaike information criteri. 

Table 5 The best regression equations for estimating body weight from heart girth in sheepa 

Number of 
records 

2Group of animals Regression equations  or Pseudo- R2 MSE AIC R

BW= -2.339 + 3.024 × exp(0.0318×HG)  Pooled data  447 0.971 12.0 1113.0 

BW= -6.746 + 4.577 × exp(0.0282×HG)  Sardi  212 0.977 8.05 445.2 

Timahdite  BW= -125.431 + 5.505 × HG -0.076 × HG2 + 0.0004 × HG3 233 0.969 14.6 628.0 

BW= -3.566 + 3.542 × exp(0.0299×HG)  Females  248 0.964 9.03 548.8 

BW= 1099.200 × exp(-7.676×exp(-0.0105×HG))  Males  198 0.983 11.6 488.5 
a BW: body weight and HG: heart girth.  
R2 : coefficient of determination; MSE: residual mean square and AIC: akaike information criteri. 
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For these analyses, data sets used consisted of 63, 60, 57, 

56 and 54 girth classes with their corresponding mean 
weights for pooled data, Sardi, Timahdite, female and male 
sheep, respectively. 

 

  CONCLUSION 

The body weight and heart girth were highly correlated. 
This high correlation indicates that body weight could be 
predicted fairly accurately from heart girth in Sardi and 
Timahdite sheep and a tape measure can therefore be de-
veloped to assist livestock farmers in managing their sheep 
better. Such a tool would be cheaper and easier to imple-
ment than the various different weighing equipment cur-
rently in use. 
 

  ACKNOWLEDGEMENT 
The authors are grateful to all farmers and to staff of the 
ANOC involved in this study. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  REFERENCES 
Afolayan R.A., Adeyinka I.A. and Lakpini C.A.M. (2006). The 

estimation of live weight from body measurements in Yankasa 
sheep. Czech J. Anim. Sci. 51(8), 343-348. 

Atta M. and El Khidir O.A. (2004). Use of heart girth, wither 
height and scapuloischial length for prediction of liveweight of 
Nilotic sheep. Small Rumin. Res. 55, 233-237. 

Baffour-Awuah O., Ampofo E. and Dodoo R. (2000). Predicting 
the liveweight of sheep by using linear body measurements. 
Ghana Jnl Agric. Sci. 33, 207-212. 

Bassano B., Bergero D. and Peracino A. (2003). Accuracy of body 
weight prediction in Alpine Ibex (Capra ibex) using mor-
phometry. J. Anim. Physiol. A: Anim. Nutr. 87(3), 79-85. 

Benyi K. (1997). Estimation of live weight from chest girth in 
pure and crossbred West African goats. Trop. Anim. Health 
Prod. 29(2), 124-128. 

Birteeb P.T. and Ozoje M.O. (2012). Prediction of live body 
weight from linear body measurements of west African long-
legged and west African dwarf sheep in northern Ghana. 
Online J. Anim. Feed Res. 2(5), 427-434. 

Table 6 Prediction of body weight (kg) corresponding to heart girth measures (cm) for all sheep (regardless of breed and sex) (Pooled), separately for 
all the animals of a breed regardless of sex (S and T) and separately for males and females irrespective of breed (F and M)a 

HG Pooled S T F M HG Pooled S T F M 

48 11.6 11.0 8.1 11.3 10.6 81 37.4 38.2 36.6 36.3 41.4 

49 12.0 11.5 9.1 11.8 11.2 82 38.7 39.5 37.7 37.6 42.8 

50 12.5 12.0 10.1 12.2 11.7 83 40.0 40.8 39.0 38.8 44.3 

51 13.0 12.5 11.0 12.7 12.3 84 41.4 42.2 40.3 40.1 45.8 

52 13.5 13.1 11.9 13.2 12.9 85 42.8 43.6 41.6 41.4 47.4 

53 14.0 13.7 12.7 13.7 13.5 86 44.3 45.0 43.0 42.8 48.9 

54 14.5 14.2 13.6 14.2 14.1 87 45.8 46.5 44.5 44.2 50.6 

55 15.0 14.8 14.4 14.8 14.8 88 47.3 48.0 46.0 45.6 52.2 

56 15.6 15.5 15.2 15.3 15.5 89 48.9 49.6 47.6 47.1 53.9 

57 16.2 16.1 16.0 15.9 16.2 90 50.6 51.2 49.2 48.7 55.6 

58 16.8 16.7 16.8 16.5 16.9 91 52.3 52.8 50.9 50.3 57.4 

59 17.4 17.4 17.5 17.1 17.7 92 54.1 54.5 52.7 51.9 59.2 

60 18.0 18.1 18.3 17.7 18.4 93 55.9 56.3 54.5 53.6 61.0 

61 18.7 18.8 19.0 18.4 19.2 94 57.8 58.1 56.5 55.3 62.9 

62 19.4 19.5 19.8 19.0 20.1 95 59.7 59.9 58.5 57.1 64.8 

63 20.1 20.3 20.5 19.7 20.9 96 61.7 61.8 60.6 58.9 66.7 

64 20.8 21.1 21.3 20.4 21.8 97 63.8 63.8 62.7 60.8 68.7 

65 21.6 21.9 22.0 21.2 22.7 98 65.9 65.8 65.0 62.8 70.7 

66 22.3 22.7 22.8 21.9 23.7 99 68.1 67.9 67.3 64.8 72.8 

67 23.1 23.5 23.5 22.7 24.6 100 70.4 70.0 69.7 66.9 74.9 

68 23.9 24.4 24.3 23.5 25.6 101 72.7 72.2 72.3 69.0 77.0 

69 24.8  25.3 25.1 24.3 26.6 102 75.2 74.5 74.9 71.2 79.2 

70 25.7 26.2 25.9 25.2 27.7 103 77.7 76.8 77.6 73.5 81.4 

71 26.6 27.1 26.7 26.0 28.8 104 80.3 79.2 80.4 75.8 83.6 

72 27.5 28.1 27.6 26.9 29.9 105 82.9 81.7 83.3 78.2 85.9 

73 28.5 29.1 28.5 27.9 31.1 106 85.7 84.2 86.3 80.7 88.2 

74 29.5 30.1 29.4 28.8 32.2 107 88.5 86.8 89.4 83.3 90.6 

75 30.5 31.2 30.3 29.8 33.4 108 91.5 89.5 92.7 85.9 93.0 

76 31.6 32.3 31.2 30.8 34.7 109 94.5 92.2 96.0 88.6 95.4 

77 32.7 33.4 32.2 31.8 36.0 110 97.6 95.1 99.5 91.4 97.9 

78 33.8 34.5 33.2 32.9 37.3 111 100.8 98.0 103.0 94.3 100.4 

79 35.0 35.7 34.3 34.0 38.6 112 104.2 101.0 106.7 97.3 102.9 

80 36.2 36.9 35.4 35.2 40.0 - - - - - - 
a HG: heart girth; S: Sardi; T: Timahdite; F: females and M: males. 

Arc
hive

 of
 S

ID

www.SID.ir



Estimation of Body Weight from Heart Girth Using Different Models  
  
  

    http://www.lrrd.org/lrrd23/9/mahi 23192.html. Accessed on 22 
Feb. 2014. 

Boujenane I. (1999). Les ressources génétiques ovines au Maroc, 
Actes Editions, Rabat, Maroc. 

Boujenane I. (2005). Small Ruminant Breeds of Morocco. Pp. 5-
54 in Characterization of Small Ruminant Breeds in West Asia 
and North Africa. L. Iniguez, Ed. International Center for 
Agricultural Research in the Dry Areas (ICARDA), Aleppo, 
Syria.  

Melesse A., Banerjee S., Lakew A., Mersha F., Hailemariam F., 
Tsegaye S. and Makebo T. (2013). Variations in linear body 
measurements and establishing prediction equations for live 
weight of indigenous sheep populations of southern Ethiopia. 
Scientific J. Anim. Sci. 2(1), 15-25. 

Cam M.A., Olfaz M. and Soydan E. (2010). Body measurements 
reflect body weights and carcass yields in Karayaka sheep. 
Asian J. Anim. Vet. Adv. 5(2), 120-127. 

Mohammad M.T., Rafeeq M., Bajwa M.A., Awan M.A., Abbas 
F., Waheed A., Bukhari F.A. and Akhtar P. (2012). Prediction 
of body weight from body measurements using regression tree 
(RT) method for indigenous sheep breeds in Balochistan, Pa-
kistan. J. Anim. Plant Sci. 22(1), 20-24. 

Enevoldsen C. and Kristensen T. (1997). Estimation of body 
weight from body size measurements and body condition 
scores in dairy cows. J. Dairy Sci. 80, 1988-1995. Musa A.M., Idam N.Z. and Elamin K.M. (2012). Heart girth re-

flect live body weight in Sudanese Shogur sheep under field 
conditions. World's Vet. J. 2(4), 54-56. 

Goe M.R., Alldredge J.R. and Light D. (2001). Use of heart girth 
to predict body weight of working oxen in the Ethiopian high-
lands. Livest. Prod. Sci. 69, 187-195. Olatunji-Akioye A.O. and Adeyemo O.K. (2009). Liveweight and 

chest girth correlation in commercial sheep and goat herds in 
southwestern Nigeria. Int. J. Morphol. 27(1), 49-52. 

Kaps M. and Lamberson W. (2004). Biostatistics for Animal Sci-
ence. CABI Publishing, Wallingford, UK. 

Kunene N., Nesamvuni E.A. and Fossey A. (2007). Characteriza-
tion of Zulu (Nguni) sheep using linear body measurements 
and some environmental factors affecting these measurements. 
South African J. Anim. Sci. 37, 11-20.  

Ratkowsky D.A. (1990). Handbook of Nonlinear Regression 
Models. Marcel Dekker, New York, USA. 

Ravimurugan T., Thiruvenkadan A.K., Sudhakar K., Panneersel-
vam S. and Elango A. (2013). The estimation of body weight 
from body measurements in Kilakarsal sheep of Tamil Nadu, 
India. Iranian J. Appl. Anim. Sci. 3(2), 357-360. 

Kunene N.W., Nesamvuni A.E. and Nsahlai I.V. (2009). Determi-
nation of prediction equations for estimating body weight of 
Zulu (Nguni) sheep. Small Rumin. Res. 84, 41-46. Sarti F.M., Castelli L., Bogani D. and Panella F. (2003). The 

measurement of chest girth as an alternative to weight deter-
mination in the performance recording of meat sheep. Italian 
J. Anim. Sci. 2, 123-129. 

Kurnianto E., Sutopo S., Purbowati E., Setiatin E.T., Samsudewa 
D. and Permatasari T. (2013). Multivariate analysis of mor-
phological traits of local goats in Central Java, Indonesia. Ira-
nian J. Appl. Anim. Sci. 3(2), 361-367. SAS Institute. (2002). SAS®/STAT Software, Release 6.11. SAS 

Institute, Inc., Cary, NC. USA. Lawrence T.L. and Fowler V.R. (1997). Growth of Farm Animals. 
CABI Publishing, Wallingford, UK. Shirzeyli F.H., Lavvaf A. and Asadi A. (2013). Estimation of 

body weight from body measurements in four breeds of 
Iranian sheep. Songklanakarin J. Sci. Technol. 35(5), 507-511.  

Mahieu M., Navès M. and Arquet R. (2011). Predicting the body 
mass of goats from body measurements. Livest. Res. Rural 
Dev.WebMD.   

 
 

 

646-639, )3(5) 5201(Animal Science Applied  ofIranian Journal   646 

Arc
hive

 of
 S

ID

www.SID.ir


