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ABSTRACT 

Genetic improvement in animals is based on selecting individuals for trait based on direct or indirect measurements. The 

present study was planned with the objectives of estimating genetic parameters for body weight and various 

morphometric traits to include them in the selection criteria for Sahiwal cattle. The animals (N=326) of both sexes (180 

male and 146 females, from one month to adult age) having pedigree information were selected and body weight (BW), 

wither height (WH), hip height (HH), body length (BL), heart girth (HG) and paunch girth (PG) were measured thrice 

after an interval of 15-30 days. Genetic parameters were estimated using an animal model, with sex and five farms as 

fixed effects, and animal (error) as random effects. WOMBAT software was used for genetic analyses. Heritability 

estimates of BW, WH, HH, BL, HG and PG were 0.27±0.239, 0.18±0.171, 0.33±0.209, 0.26±0.209, 0.44±0.23 and 

0.54±0.227, respectively. Genetic correlations of hip height with BW, WH, HH, BL, HG and PG were 0.63±0.772, 

0.99±0.057, 0.59±0.313, 0.89±0.119 and 0.92±0.123, respectively. The Coefficient of determination to predict various 

body traits ranged between 88% and 97%. BW and HH could be predicted from age with high accuracy in both males 

(R2=95.0, 93.8%) and females (R2=96.3, 95.6%), respectively. WH and HH were strongly correlated; however, HH had 

slightly better genetic control and was easier to measure due to its independence from hump. It is concluded that hip 

height is a good indicator of animal height and can be used as selection criteria for Sahiwal cattle in Pakistan. 
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INTRODUCTION 

 Sahiwal is a prominent tropical dairy breed in 

Pakistan, known for its heat tolerance and disease 

resistance attributes (Khan et al., 2018). Sahiwal has been 

used in the development of various new breeds, such as 

Australian Milking Zebu, Karan Swiss, Frieswal, 

Mafriwal, Jamaica Hope, Taurindicus and Mpwapwa 

(Rehman et al., 2014). It is also known as transboundary 

breed present in 29 countries (Rischkowsky & Pilling, 

2007). 

 The major trait of interest has been milk yield 

during a standard lactation period of 305 days. Type 

evaluation (Khan & Okeyo, 2016) is expected to be 

incorporated as an objective trait in future. Body size and 

condition are critical for improving production efficiency 

in female livestock (de Lacerda et al., 2018). Animal 

weight is typically associated with its size (Rosa et al., 

2014). The frame index is preferred over conventional 

criteria for selecting frame size (Sloniewski et al., 2005). 

Characteristics such as height and mature body weight 

should be used in selection criteria to control cow size in 

a herd (de Lacerda et al., 2018; Silveira et al., 2016). 

Body size characteristics, such as hip height and frame 

score, are used for genetic improvement in cattle. Hip 

height, positively correlated with body size but negatively 

with productivity, offers a simple and less 

environmentally affected measure of body size. Cattle 

reach 80% of mature height and 35-45% of mature 

weight by 7-8 months, and 90% of mature height and 50-

60% of mature weight by 12 months (Baker et al., 1988; 

Jenkins et al., 1991; Herring, 2014). In improving cattle 

production, body measurements including body height, 

body length and back height are used as important 

indicator in selection criterion (Gritsenko et al., 2023). 

 Genetic evaluation of body size can be enhanced 

by assessing HH, and weight at different ages. This 

approach aids in the selection and improvement of 

reproductive traits, decision-making for early 

replacement of breeding animals, and achieving 

directional changes in cattle size through selection 

(Vargas, 2000). Although hip height or body weight 

separately alone cannot fully explain genetic differences 

in body size, a multiple traits evaluation including body 
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weight and hip height is likely a better option (Hoffman, 

1997). 

 Data on phenotypic and genetic parameters for 

body weight, hip height, and the relationship between 

weight and hip height are lacking in Pakistan. Therefore, 

this research aims to document genetic parameters, with a 

particular focus on hip height, to incorporate this trait into 

selection objectives for Sahiwal cattle. 

MATERIALS AND METHODS 

Experimental stations: Data were collected from 

Sahiwal cattle maintained at the following government 

and private farms. 1) Livestock Production Research 

Institute Bahadurnagar (LPRI), Okara (30° 48’ 5” North, 

73° 26’ 54” East). 2) Semen Production Unit Qadirabad 

(SPU), Sahiwal (30° 13’ 18” North, 71° 33’ 15” East). 3) 

Livestock Experiment Station Jahangirabad (LESJ), 

Khanewal (30° 13’ 18” North, 71° 33’ 15” East). 4)  

Livestock Experimental Station Klorkot (LESK), 

Bhakkar (31° 38’ 0’’ North, 71° 4’ 0’’ East). 5) 

Jahangirabad Cattle Farm (Watto farm), Khanewal (30° 

13’ 18” North, 71° 33’ 15” East). 

Experimental animals: The number of Sahiwal animals 

of both sexes (from one month to adult age) used in this 

study is provided in Table.1. 

Table. 1. Experimental animals used for data collection 

 

Experimental station  Male Female Total 

Livestock Experimental Station, Bahadurnagar (Okara) 78 62 140 

Livestock Experimental Station, Jahangirabad (Khanewal) - 50 50 

Semen Production Unit, Qadirabad (Sahiwal) 50 - 50 

Livestock Experimental Station, Klorkot (Bhakkar) 31 41 62 

Jahangirabad Cattle Farm (Khanewal) 21 3 24 

Total  180 146 326 

 

Data Collection: The following body traits were 

measured three times on each experimental animal at 15-

30 days intervals in 2017. 

a) Body weight: All animals were weighed after an 

overnight fast using a weighing scale.  

b) Hip height: Measured from a point between the 

first sacral and the last lumbar vertebrae to the floor using 

a hippometer (height measuring rod) 

c) Wither height: Measured from the withers to the 

ground surface using hippometer 

d) Body length: Measured from the shoulder point 

to the pin bone using measuring tape 

e) Heart girth: Measured around the body behind 

the front legs and slightly behind the shoulders using a 

measuring tape.  

f) Paunch girth: Measured around body posterior 

to the last rib using a measuring tape  

All measurements were recorded in centimeters (cm) and 

weight in kilograms. Sire and dam record were obtained 

from breeding record registers.  

Statistical analyses 

Regression model. Linear and quadratic regression 

equations were developed to determine the relationships 

among various body traits. A general quadratic regression 

model is given below. 

� =  � +  ��� +  �	�	  
Where  

Y = dependent variable (e.g., body weight) 

 X = explanatory variable (e.g., age 

of the animal) 

 α = intercept 

 β = slope 

Genetic parameters estimation. Heritability was 

estimated using WOMBAT software (Meyer, 2006). The 

mathematical model used was: 

�
�� =  
 +  �� +  �� +  �
��  

Where: 

Yijk = measurement of a particular trait (e.g., hip 

height) 

µ = Overall population mean 

Ai  = random additive genetic effect of ith animal 

with mean zero and variance σ2 A 

Fj  = effect of the j-th fixed factor (e.g., sex and 

farms) 

eijk = random error associated with observation with 

mean zero and variance σ2 E 

Heritability Calculation:  

The heritability was calculated using the following 

formula: 

������������ �ℎ	� =  
�	�

�	�
 

Correlation Estimates: Phenotypic, genetic and 

environmental correlations were estimated using bivariate 

analyses with individual animal models as follows: 

 Phenotypic Correlation ��,�:  �, =  
./0 ,1,2

3,1 .3,2 
 

 Genetic Correlation ��6�:  �6 =  
./0 7172

371 .372 
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 Evironmental Correlation ��;�:  �; =  
./0 ;1;2

3;1.3;2 
 

<ℎ��� 

 ��
 =

 additive genetic standard deviation for � −

th trait 

 ��
 =  phenotypic standard deviation for � −

th trait 

 �B
 =  residual standard deviation for the � −

th trait 

 DEF �
�� =

 phenotypic covariance for the traits � and G 

 DEF �
�� = additive genetic covariance for the 

traits i and j 

 DEF B
B� =

 residual covariance for the traits � and G 

RESULTS AND DISCUSSION 

Body traits: Means values for body weight, wither 

height, hip height, body length, heart girth and paunch 

girth were 192.9kg, 100.9cm, 106.9cm, 92.8cm, 125.3cm 

and 146.3cm, respectively. Average age for these animals 

was 512.2 days. 

Relationships among various body traits: The curves 

of body traits against age were sigmoid, with the best fit 

was obtained using quadratic regression model, where 

coefficients of determination (R2) were generally above 

90 % (Table.2; Table. 3; Fig.1.). The regression equations 

for body weight based on heart girth in this study were Y 

= - 222.0+3.1530X and Y = - 232.3+3.2310X and 

coefficients of determination were 0.932 and 0.943 for 

males and females, respectively. The regression equation 

for body weight based on heart girth reported by Putra et 

al. (2015) was Y= -127.47+ 2.59X, with coefficient of 

determination of 0.88. Kashoma et al. (2011) reported a 

regression equation Y = 4.55X−409 (±17.9) for Tanzania 

short horn zebu cattle. Bagui & Valdez, (2007) reported 

coefficient of determination of 0.94 for body weight with 

heart girth, similar to the present study. Heart girth 

showed the highest coefficient of determination with 

body weight (Alsiddig et al., 2010; Bahashwan, 2014; 

Dim et al., 2012). Tasdemir et al. (2011) reported 

coefficients of determination of 97.72% for wither height, 

97.89% for body length, and 98% for height at the hip, 

higher than those observed in this study. Nesamvuni et al. 

(2000) reported linear regression equations for body 

weight as Body weight =16.58 + 0.81×Heart girth and 

Body weight = −480.00+6.47×Wither height in Nguni 

type cattle. R² values for regression equations including 

all traits were 68.2%, 92.2%, and 95.0% for Holstein, 

Brown Swiss, and Crossbred animals, respectively. Ige et 

al. (2015) reported R² values of 0.83 and 0.81 for body 

length and 0.69 and 0.67 for hip height in females and 

males, respectively, which were lower than those 

observed in the present study. 

Genetic parameters estimation 

Heritability: Fixed effects included sex and five 

different farms. Heritability estimates for traits ranged 

from 0.183 to 0.524. The highest heritability estimate was 

for paunch girth at 0.524 ± 0.227, followed by heart girth 

at 0.439 ± 0.230 (Table 4). The heritability estimates for 

body length reported by Van-Marle-Köster et al. (2000) 

was 0.22, which is similar to the estimates in the present 

study. Magnabosco et al. (2002) reported a heritability 

estimate of 0.32 for body length in Brahman cattle, which 

is slightly higher, while Mantovani et al. (2010) reported 

a lower heritability estimate of 0.21. The weaning body 

length heritability of Bali cattle was 0.32 to 0.39 

(Supriyantono et al. 2012). Khan et al. (2018) reported 

heritability estimate of 0.81±0.02 for body length in 

Sahiwal cows. The differences may be due to the 

physiological stage at time of data collection and due to 

sex differences. Heritability estimates for hip height 

(0.68) and weight (0.49) reported by Arango et al. (2002) 

were higher than those found in the present study. 

Similarly, Choy et al. (2002) reported a high heritability 

estimate of 0.62 for hip height. Touchberry (1948) 

reported a heritability estimate of 0.265 for paunch girth 

in Holsteins, whereas Khan & Khan (2016) reported 0.75 

± 0.02 for experimental Sahiwal cows. Heritability for 

heart girth reported by Gallo et al. (2001) was 0.33, lower 

than the present study's estimate of 0.439. Touchberry 

(1951) previously reported higher values (0.61) for 

Holsteins. The heritability estimates of 0.86±0.01for 

Height at Wither were reported by Khan et al. (2018). 

These differences in genetic parametric values for 

different traits may be due to differences of herds, 

management, animal’s age, and large or small data set 

used for estimation. In a study on Bali cattle (yearling 

male), the heritability estimates 0.10±0.02, 0.50±0.08, 

0.44±0.07 and 0.46±0.07 were observed for chest girth, 

body weight, body length and body height, respectively 

(Chaerunissa and Nurgiartiningsih, 2022). The univariate 

analysis of Brahman cattle data from birth to 600 days of 

age, presented heritability estimates of 0.28±0.01 to 

0.50±0.06, 0.27±0.01 to 0.43±0.09, 0.28±0.01 to 

0.58±0.08 and 0.34±0.01 to 0.51±0.08 for body weight, 

heart girth, hip height and body length respectively 

(Kamprasert et al., 2019), yet heritability estimates were 

higher with the increasing age. Heritability estimates of 

0.21 to 0.36 for body size measurements in Hanwoo 

steers were reported by Choy et al. (2017). 
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Table 2. Relationship among different body traits in male animals 

 

Traits Regression equation R2 (%) 

Age (x) and linear body weight (y) y = 20.22+0.4592x 93.9 

Age (x) and quadratic body weight (y) y = 1.689+0.6580x-0.00029 x2 95.0 

Wither height (x) and body weight (y) y = -350.9+5.1330x 92.6 

Age (x) and wither height (y) y = 63.57+0.1759x-0.00014 x2 93.8 

Hip height (x) and body weight (y) y = - 373.1+5.0440x 90.8 

Age (x) and hip height (y) y = 68.52+0.1859x-0.00015 x2 93.8 

Body length (x) and body weight (y) y = -229.9+4.4460x 93.6 

Age (x) and body length (y) y = 50.30+0.1628x-0.00009 x2 93.2 

Heart girth (x) and body weight (y) y = - 222.0+3.1530x 93.2 

Age (x) and heart girth (y) y = 61.95+0.2922x-0.00024 x2 93.7 

Paunch girth (x) and body weight (y) y = - 192.6+2.4430x 87.6 

Age (x) and paunch girth (y) y = 66.73+0.3982x-0.00035 x2 92.9 

 

Table. 3. Relationship among different body traits in female animals 

 

Traits  Regression equation R2 (%) 

Age (x) and linear body weight (y) y = 36.75+0.3092x 92.8 

Age (x) and quadratic body weight (y) y = 2.301+0.5462x-0.00025 x2 96.3 

Wither height (x) and body weight (y) y = -369.8+5.3810x 92.4 

Age (x) and wither height (y)  y = 66.63+0.1273x-0.00008 x2 95.4 

Hip height (x) and body weight (y) y = - 396.5+5.3060x 92.0 

Age (x) and hip height (y) y = 72.40+0.1309x-0.00008 x2 95.6 

Body length (x) and body weight (y) y = - 225.7+4.3180x 94.9 

Age (x) and body length (y) y = 50.30+0.1620x-0.00009 x2 93.2 

Heart girth (x) and body weight (y) y = - 232.3+3.2310x 94.3 

Age (x) and heart girth (y) y = 67.71+0.2142x-0.00013 x2 96.2 

Paunch girth (x) and body weight (y) y = - 228+2.7730x 88.8 

Age (x) and paunch girth (y)  y = 80.23+0.2409x-0.00015 x2 91.1 

 

Table. 4. Heritability (h2) estimates of body traits 

 

Trait Heritability estimate (h2) 

Body weight 0.269±0.239 

Wither height 0.183±0.171 

Hip height 0.331±0.209 

Body length 0.257±0.209 

Heart girth 0.439±0.230 

Paunch girth 0.524±0.227 

 

Correlation among different body traits: Medium to 

high genetic and phenotypic correlations were found 

among body traits (Table 5). The highest phenotypic and 

genetic correlations were observed between hip height 

and wither height, with values of 0.932 ± 0.008 and 0.999 

± 0.057, respectively. Environmental correlation between 

wither and hip height was also high, at 0.912 ± 0.030 

(Table 6). Mantovani et al. (2010) reported a high genetic 

correlation of 0.96 between body size and body 

measurements. Supriyantono et al. (2012) reported lower 

phenotypic correlations for wither height with chest girth 

and body length at 0.42 and 0.50, respectively, and a 

chest girth correlation with body length of 0.33, which 

are lower than those found in the present study. The 

correlation of heart girth with hip height was 0.80 in 

Hereford cattle, similar to the present study's 0.824 ± 

0.019, and 0.54 in crossbred cows as reported by Nelsen 

et al. (1982). Nelsen et al. (1985) reported correlations of 

body weight with hip height and heart girth as 0.82 and 

0.94 in Hereford cattle and 0.63 and 0.94 in crossbred 

cows, respectively, which are higher than those found in 

the present study. Correlation coefficients for weight with 

heart girth, body length, and wither height were 0.871, 

0.778, and 0.778, respectively, higher than in the present 

study. The correlation coefficients for heart girth with 

wither height and body length were the same at 0.782, as 

reported by Gunawan & Jakaria (2010). The live weight 

and body size are associated with animal’s maintenance 

requirements (Schmidtmann et al., 2023). In Bali cattle 

moderate to high genetic correlation between body 

weight and chest girth (0.35), body weight and back 

height (0.67) and between body weight and body length 

(0.98) were reported by (Chaerunissa and 

Nurgiartiningsih, 2022). The positive genetic correlation 

(0.25±0.04 to 0.97±0.11) and phenotypic correlation 

(0.22±0.01 to 0.72±0.01) in Brahman cattle was reported 

by Kamprasert et al. (2019). The genetic correlation of 
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growth rate (weaning to 24 month of age) and weaning 

weight was negative (-0.32 ±0.32) while with 12-month 

weight was positive (0.00 ±0.34) in a study on 485 

observations recorded on F2 et seq., 112 Brahman, 112 

Sahiwal, 314 Brahman and 314 Sahiwal bulls in 

Queensland, the study also reported genetic correlation of 

12-month weight with growth rate in wet season after 

weaning as 0.13 ± 0.47 while for second dry season after 

weaning as 0.18 ± 0.47 (Fordyce et al., 1996). In Holstein 

cattle, positive genetic correlation between stature and 

production traits (0.084-0.158) while negative genetic 

correlation between stature and body condition score (-

0.072) was reported by (Schmidtmann et al., 2023).  

Table. 5. Phenotypic (above diagonal) and genetic (below diagonal) correlations among different body traits 

 

Traits Body 

weight 

Wither height Hip 

height 

Body 

length 

Heat 

girth 

Paunch 

girth 

Body weight 1.000 0.561±0.041 0.560±0.041 0.557±0.042 0.657±0.034 0.544±0.042 

Wither height 0.625±0.869 1.000 0.932±0.008 0.726±0.030 0.824±0.019 0.755±0.027 

Hip height 0.632±0.772 0.999±0.057 1.000 0.730±0.030 0.825±0.020 0.789±0.023 

Body length 0.998±0.00 0.585±0.369 0.593±0.313 1.000 0.739±0.028 0.699±0.031 

Heart girth 0.917±0.944 0.883±0.147 0.888±0.119 0.896±0.145 1.000 0.856±0.016 

Paunch girth 0.888±0.00 0.913±0.227 0.917±0.123 0.864±0.168 0.997±0.057 1.000 

 

Table. 6. Environmental correlations among different body traits 

 

Traits Body weight Wither height Hip height Body length Heart girth 

Wither height 0.574±0.125     

Hip height 0.601±0.135 0.912±0.03    

Body length 0.522±0.148 0.799±0.116 0.812±0.130   

Heart girth 0.682±0.112 0.814±0.075 0.785±0.092 0.638±0.142  

Paunch girth 0.563±0.144 0.707±0.116 0.703±0.123 0.579±0.170 0.742±0.104 
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Fig. 1. Association of age with various body parameters in male and female animals 
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Conclusion: In conclusion, body traits in Sahiwal cattle 

exhibited strong correlations with one another, and the 

heritability of hip height was found to be in the medium 

to high range. The relationship between hip height and 

age, body weight, wither height, body length, heart girth, 

and paunch girth were also significant. Therefore, hip 

height can be effectively used as a selection criterion for 

improving height in Sahiwal cattle.  
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