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The present study was conducted to estimate heritability and genetic and phenotypic 

correlations between body measurement traits and milk yield in Sahiwal cows. The 

body measurements and milk yield records of 310 cows were utilized. The model 

included fixed effects of herd, parity and stage of lactation. The herd and parity was 

a significant source of variation for heart girth (HG), paunch girth (PG), chest depth 

(CD), body depth (BD), top wedge area (TWA), front wedge area (FWA), side 

wedge area (SWA) and sprung at 6th rib (S6R) (P<0.001). Stage of lactation was a 

significant source of variation for HG, PG, BD and SWA (P<0.001). The linear and 

quadratic effects of age of cows were significant for FWA and SWA (P<0.001) and 

for sprung at last rib (SLR), PG, BD (P<0.01) and CD (P<0.05). The least squares 

means and standard deviations (mean±SD) for HG, PG, CD, BD, S6R, SLR, TWA, 

FWA and SWA were 158.7±21.39, 244.5±29.70, 65.3±3.40, 68.1±3.93, 39.8±3.71, 

56.7±5.35, 1429.5±153.57, 814.5±99.97 and 2232.4±279.2 cm2, respectively. The 

heritability estimates for HG, PG, CD, BD, S6R, SLR, TWA, FWA and SWA were 

0.84±0.02, 0.75±0.02, 0.66±0.03, 0.69±0.03, 0.70±0.03, 0.63±0.03, 0.82±0.02, 

0.76±0.02 and 0.70±0.03, respectively. The HG had the highest genetic correlation 

with measurement day milk yield (0.29±0.00) and 305-day milk yield (0.22±0.00). 

All the traits were found highly heritable and could be improved through selection. 

The genetic correlation between some traits and milk yield was positive and 

considerable, so a correlated response in milk yield could result when selecting 

Sahiwal cows for body capacity traits. 
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INTRODUCTION 

 

Since the beginning of domestication it has been the 

concern of human beings to keep those animals that 

are useful for them. For this reason man has been 

interested to the morphology of the animals and other 

body characteristics that has some relation with traits 

of economic importance. The apparent body capacity 

of the animal is believed to have some relation with 

milk yield traits. A body measurement may serve to 

quantify a change in some performance traits of 

animals. The barrel of the animal is the main part of 

the animal body that presents the capacity traits. The 

traits may include heart girth, paunch girth, chest 

depth, body depth and wedge shape of the animal. The 

long term recording needs of the traits of economic 

importance has led to focus on ancillary traits which 

can be measured more easily and have some relation 

with performance traits. A study on Holstein dairy 

cows with data set including 1898 lactation records and 

body measurement records reported that cows with 

smaller heart girth and larger paunch girth had 

significantly higher yield (Sieber et al., 1988). Side 

wedge and body length were reported better predictor 

of milk yield in crossbred heifers (Patel and Tomar, 

1990). Mirza et al. (2015) has reported a positive 

genetic correlation of hearth girth with milk yield in 

Nili-Ravi Buffaloes. Angularity (Wedge shape) has 

been reported to be the most important trait to have 

genetic correlation with production traits (Meyer et al., 

1987; Vollema and Groen, 1997, Visscher and 

Goddard, 1995; Brotherstone, 1994; Misztal et al., 

1992; Harris et al., 1992; DeGroot et al., 2002) and 

(Cruickshank et al., 2002). Physical characterization 
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and body measurements have been reported for Krishna 

valley cattle in India (Karthickeyan et al., 2006), North 

Bengal Grey cattle of Bangladesh (Al-Amin et al., 

2007), Deshi cattle of West Bengal (Sarkar et al., 

2007), crossbred strains of cattle (Mitra et al., 1993) 

and Holsteins (Vinson et al., 1982). Side wedge has 

been reported better predictor of milk yield in crossbred 

heifers (Patel and Tomar, 1990). The body capacity 

traits could be improved through selection because they 

are reported heritable in medium to high range. A few 

studies have reported heritability for body capacity 

associated traits in high range. The high heritability 

estimates for chest depth (0.80) and for hearth girth 

(0.61) have been reported for Holstein cows 

(Touchberry, 1951). The heritability estimates for heart 

girth for Holstein, Brown Swiss and Red and White 

cattle ranged from 0.35±0.02 to 0.38±0.02 with huge 

data sets in Switzerland (de Haas et al., 2007). The 

heritability estimate for heart girth was 0.34±0.09 for 

Holstein in Canada (Lin et al., 1987). The heritability 

estimate for heart girth was 0.33 and for body depth 

0.43 in a data set on Holstein in Netherland (Koenen 

and Groen, 1998). Multi-trait estimates of heritability 

and correlations between body measurements and milk 

production traits for Holsteins have been reported (Lin 

et al., 1987). 

The magnitude of heritability estimates indicates that 

these traits could be improved in desired direction 

through selection. The genetic and phenotypic 

correlations between body capacity traits and milk yield 

have been reported in low to medium range. The 

information on the body capacity associated traits that 

could be used for selection as an aid to other phenotypic 

performance traits and their genetic control is scarce on 

Sahiwal cattle. Therefore, the present study was 

designed to collect information on body measurements, 

to estimate genetic control of such measurements and to 

measure their association with milk yield in Sahiwal 

cattle. 

 

MATERIALS AND METHODS  

 

The freshly calved cows from three Government 

livestock farms of Punjab province namely Livestock 

Experiment Station Bahadurnagar, District Okara 

(LESB), Livestock Experiment Station, Jahangirabad, 

District Khanewal (LESJ) and Livestock Experiment 

Station, Khizerabad, District Sargodha (LESK) were 

selected. Cows with parity up to fifth were included in 

the study. The measurements were made for heart girth 

(HG), paunch, girth (PG), chest depth (CD), body depth 

(BD), sprung at sixth rib (S6thR) and sprung at last rib 

(SLR). All body measurements were recorded while 

cows standing with squarely placed four legs and neck 

raised at normal position. 

The heart girth and paunch girth were measured as per 

(Touchberry and Lush, 1950). The heart girth was 

measured just behind the fore legs and paunch girth at 

about last rib position. Chest depth was the vertical 

distance from the back to the floor of the chest at the 

smallest part of the chest and body depth was the 

vertical distance at deepest point of the barrel at last rib 

position. 

The measurements were made with locally 

manufactured calipers and measuring tape. The 

measurements were recorded to nearest one centimeter. 

Some of the variables were created from different body 

measurements. The top wedge area (TWA) area of 

triangle formed by wither and hook bones at right and 

left, front wedge area (FWA) area of triangle formed by 

point of shoulders on right and left side of animal and 

withers on the top and side wedge area (SWA) area of 

triangle formed by three points i.e point of shoulder, 

hook bone and base of udder were also measured and 

calculated. Milk yield recorded on and around the day 

of measurement was called measurement day-yield 

(average of three days yield near the day of 

measurement i.e a day before the day of measurement, 

on the day of measurement and after the day of 

measurement) while milk yield during that lactation 

from calving to 305-days (on date of drying if it was 

before 305-days) was called 305-day milk yield. 

The statistical model for studying the effect of various 

sources of variation in any measured trait included 

herd, parity and stages of lactation. The linear and 

quadratic effect of age at measurement was fitted as co-

variable. Animal was fitted as random. Stage of 

lactation effects study was not logical for all the traits. 

Traits for which there were expectations for meaningful 

outcome of information were studied as regards stage of 

lactation effects. Stage of lactation effects were studied 

for heart girth (HG), paunch girth (PG), body depth 

(BD) and side wedge area (SWA). Univariate animal 

model was fitted for estimation of heritabilities for the 

traits. The genetic and phenotypic correlations were 

estimated in bivariate analyses. For estimation of 

genetic and phenotypic correlations between body 

measurements and milk yield, measurements recorded 

at first stage of lactation were utilized and stage of 

lactation was excluded from the model. Following was 

the model whose different combinations were used for 

various traits 

Y
ijklm =µ + Hi + Pj + Lk + b1(aijklm) + b2(aijklm)2 + Al + e

ijklm 

Where 

Y
ijklm =  a measurement trait of an animal 

µ = overall mean 

Hi = effect of ith herd (1-3) 

Pj = effect of jth parity (1-2) 

Lk = effect of Lth stage of lactation 

Al = random animal effect with mean zero and variance σ2A 
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aijklm = age at classification with b1 and b2 being the 

linear and quadratic regression coefficients of traits on 

age at measurement 

eijklm =  random error 

The analysis was performed using ASREML version 

2.0 computer software (Gilmour et al., 2007). 

 

RESULTS  

 

The herd and parity were significant source of variation 

for, HG, PG, CD, BD, TWA, FWA, SWA and S6R 

(P<0.001). The herd affected SLR (P<0.01and parity 

affected SLR (P<0.001). Stage of lactation was a 

significant source of variation for HG, PG, BD and 

SWA, (P<0.001). The linear and quadratic effects of 

age of cows affected PG, BD and SLR (P<0.01).and 

FWA and SWA (P<0.001). 

Descriptive statistics for body capacity traits 

The descriptive statistics for body measurements are 

presented in Table 1. The coefficient of variation 

ranged from 5.2% for chest depth to 13.5% for heart 

girth. The least square means and standard deviations 

for heart girth, paunch girth, chest depth, body depth, 

sprung at sixth rib, sprung at last rib and top wedge 

area, front wedge area and side wedge area were 

158.7±21.39, 244.5±29.74, 65.3±3.40, 68.1±3.93, 

39.8±3.71, 56.7±5.35 cm and 1429.5±153.57, 

814.5±99.97 and 2232.4±279.2 cm2, respectively. The 

sprung of ribs increase from 6th rib position to last rib 

position. It gave a wedge shape appearance to cows. 

Heritability estimates for body capacity traits 

The heritability estimates and standard errors along 

with phenotypic and genetic variances for body 

measurements are presented in Table 2. The heritability 

estimates fall in medium to high range. The highest 

heritability estimate was for HG 0.84±0.02 followed by 

TWA 0.82±0.02 and FWA 0.76±0.02. The heritability 

estimates more than or equal to 0.70 were for PG, SWA 

and S6R. The heritability estimates for CD, BD and SLR 

were 0.66±0.03, 0.69±0.03 and 0.63±0.03, respectively. 

Genetic and phenotypic correlations between body 

capacity traits and milk yield 

The genetic and phenotypic correlations between body 

measurements and milk yield traits are presented in 

Table 3. Only the paunch girth (PG) has a notable 

phenotypic correlation of magnitude 0.18±0.06 with 

measurement day yield. The highest genetic correlation 

of magnitude 0.29±0.00 was of heart girth (HG) with 

measurement day yield. The HG, PG, CD, BD, S6R and 

FWA had a genetic correlation of magnitude greater 

than or equal to 0.20 with measurement day milk yield. 

The HG and PG, had a genetic correlation of magnitude 

more than or equal to 0.20 with 305-day milk yield. All 

other genetic correlations were in low range and 

negligible. 

 

DISCUSSION 

 
Means for chest depth (65.3 cm) in present study were 

lower than reported for Holsteins (Vinson et al., 1982). 

The mean heart girth 202.5±9.91 cm for Canadian 

Holstein (Ali et al., 1984) was higher than means for 

Sahiwal in present study. Hearth girth in present study 

was lower than reported for Holsteins 189.3 cm 

(Bayram et al., 2006), 194.8 cm (Sieber et al., 1988) 

and 179.8 cm (Bonczek et al., 1992). The paunch girth 

for Sahiwal in present study was higher than 230.3 cm 

reported for Holsteins (Sieber et al., 1988). The mean 

chest depth 65.9 cm (Bayram et al., 2006) was 

comparable and 71.3 cm (Bonczek et al., 1992), 74.4 

cm (Sieber et al., 1988) and 87.1 cm (Lucas et al., 

1984) for Holsteins were higher than current study. 

Most of the reported literature on body measurements 

pertains to temperate cattle. The body measurements 

vary and could not be compared across breeds because 

of breed differences. However, this new information 

regarding body measurements will be helpful for future 

planning and devising a selection program for Sahiwal 

cattle. 

Genetic parameters 

The heritabilities for most of the traits were higher than 

those reported for other breeds. Smaller data set may be 

a probable cause. Also, measurements were recorded by 

a single person over a stipulated period and cows 

belonged to experimental stations. That could reduce 

environmental component of variance. However, higher 

heritability estimates are indicative of possibility of 

bringing a rapid change in these traits in desired 

 
Table 1: The means, minimum, maximum and coefficient of variation (CV %) for body capacity traits 

Trait N Minimum Maximum Mean Standard Deviation CV (%) 

Heart Girth (cm) 790 99.1 223.5 158.7 21.39 13.5 

Paunch Girth (cm) 790 152.4 340.4 244.5 29.7 12.2 

Chest Depth (cm) 790 52 76 65.3 3.40 5.2 

Body Depth (cm) 790 56 79 68.1 3.93 5.8 

Sprung at 6th Rib (cm) 790 29 51 39.8 3.71 9.3 

Sprung at last Rib (cm) 790 37 71 56.7 5.35 9.4 

Top Wedge Area (cm2) 790 989 1989 1429.5 153.57 10.7 

Front Wedge area (cm2) 790 546 1123 814.5 99.97 12.3 

Side Wedge Area (cm2) 790 1332 3093 2232.4 279.20 12.5 
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Table 2: Heritability (h2) estimates and standard errors of 

body capacity traits 

Traits Phenotypic  
variance 

Genetic  
variance 

h2±SE 

Hearth Girth 53.99 45.4 0.84±0.02 

Paunch Girth 119.6 89.73 0.75±0.02 

Chest Depth 9.192 6.087 0.66±0.03 

Body Depth 13.11 9.077 0.69±0.03 

Sprung at 6th Rib 11.17 7.81 0.70±0.03 

Sprung at last Rib 28.19 17.89 0.63±0.03 

Top Wedge Area 21390 17530 0.82±0.02 

Front Wedge Area 7144 5432 0.76±0.02 

Side Wedge Area  59290 41520 0.70±0.03 

 

direction. Sire model ignore females relationships 

resulting in lower heritability estimates as compared to 

animal model estimates. Current heritability estimates 

were calculated using animal model while Sire Model 

under estimates genetic variability resulting in poor 

estimates for genetic parameters (Misztal, 1990). So 

this might have contributed to high heritability 

estimates in current study. For most of time classifier 

introduces variation resulting in increased 

environmental variance and reduced additive variance 

(Vij et al., 1990; Norman et al., 1983). That results in 

low heritability estimates. In current study there was 

only one classifier. So this might have resulted in 

decreased environmental portion. Resultantly increased 

heritability estimates. The heritability estimates for 

heart girth in current study were higher than reported 

0.61 (Touchberry, 1951) for US Holstein, 0.38±0.02 

(de-Haas et al., 2007) for Holstein in Switzerland, 

0.34±0.09 (Lin et al., 1987) for Holstein in Canada and 

0.33 (Koenen and Groen, 1998) for Holstein in 

Netherland. The heritability estimate (0.41±0.07) for 

chest depth of first lactation Holsteins estimated by 

paternal sister procedure were lower than current study 

(Brum and Ludwick, 1969). Higher than current study 

heritability estimate for chest depth (0.80) for Holstein 

in USA were reported (Touchberry, 1951). The 

heritability estimates for heart girth 0.27 (Ali et al., 

1984) estimated by paternal half sibs correlation was 

lower than found in present study. The heritability 

estimate 0.27 for paunch girth of Iraqi buffalo (Jaayid et 

al., 2011) was lower than current study estimate. 

The genetic and phenotypic correlations for most of 

body measurements and milk yield traits in current 

study were in low to medium range but positive. The 

magnitude of the genetic correlation of heart girth, 

paunch girth, chest depth and body depth with 

measurement day yield indicates that selecting Sahiwal 

cows for deeper chest and body will result an increase 

in milk production of Sahiwal cows. These 

measurements could also be used as indirect selection 

criteria for increasing milk production in Sahiwal cows 

in addition to the milk records of the cows. Still it is 

desired that studies with larger data sets be conducted 

to make these estimates more reliable. The genetic 

correlation of 305-day milk yield with hearth girth 

(0.22±0.00) in present study was lower than reported 

for Holsteins (Lin et al., 1987). The phenotypic 

correlations of 305-day milk yield in present study 

(0.16±0.00 to 0.22±0.00) with heart girth, paunch girth, 

and chest depth were in agreement with (Sieber et al., 

1988) for Holstein cows.  The genetic correlations 

between the traits arise because of pleiotropic effects of 

gene. Pleiotropy is a type of gene action in which a 

gene influences more than one trait. Hence traits vary 

together in positive or negative direction. The 

knowledge of such correlations is required for devising 

any breeding program. If two traits are positively 

correlated, then selection for one trait will result a 

correlated response in the other trait. 
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Table 3: Genetic and phenotypic correlations between body capacity traits and milk yield 

Trait Phenotypic correlations Genetic correlations 

Measurement day-yield 305-day yield Measurement day-yield 305-day yield 

Heart Girth 0.08±0.06 0.10±0.06 0.29±0.00 0.22±0.00 

Paunch Girth 0.18±0.06 0.16±0.06 0.26±0.00 0.21±0.00 

Chest Depth 0.07±0.06 0.04±0.06 0.24±0.00 0.16±0.00 

Body Depth 0.08±0.06 0.03±0.06 0.23±0.00 0.16±0.00 

Sprung at 6th Rib 0.02±0.06 -0.09±0.06 0.22±0.00 0.12±0.00 

Sprung at last Rib  0.12±0.06 0.05±0.06 0.17±0.00 0.11±0.00 

Top Wedge Area 0.06±0.06 -0.04±0.06 0.18±0.00 0.11±0.00 

Front Wedge area 0.04±0.06 0.12±0.06 0.22±0.00 0.13±0.00 

Side Wedge Area 0.08±0.06 -0.00±0.06 0.09±0.00 0.08±0.00 
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