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The aim of this study was to assess live body weight by linear body measurement of
Bali cattle (Bos javanicus) in extensive rearing system. A total of 68 cattle (37male
and 31 females, with age ranging from 21-25 months) were extensively reared in
Bali cattle Breeding Centre in Bali Province. All the experimental animals were
weighed, while their body measurements, i.e. body length (BL), wither height (WH),
chest depth (CD), hip height (HH), and chest girth (CG) were recorded. Phenotypic
correlation between live body weight and body measurements was analyzed, while
estimation of live body weight based on body measurements was performed using
simple linear regression and multiple regression analysis in SAS 9.1.3. A strong
positive phenotypic correlation was found between live body weight and body
measurements from r=0.54 to r=0.93 (P<0.001). The best simple regression model
for assessing depth girth was presented as follows: LBW= 2.94 (CG)-227.07
(£67.82) (R?=0.54, RMSE=26.0) for male and LBW= 3.62 (CG)-326.70 (+35.36)
(R?=0.87, RMSE=9.4) for female. The results of this research indicated that chest
girth could be applied as predictor for assessing live body weight of Bali cattle in
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extensive rearing system.

INTRODUCTION

Bali cattle (Bos javanicus) originated from Indonesia
and was domesticated from Banteng (Martojo, 2003),
were widespread in many parts of Indonesia, even
reaching Northern Australia (Calaby, 1975), Southern
Philippine of Mindano Island (Molina et al., 2005) and
Malaysia (Hafiz et al., 2016). Total population of Bali
cattle was estimated to be 5 million heads, which
represents 27% of Indonesia’s total cattle population
(Purwantara et al., 2012) and was extensively reared by
smallholder farmers (Martojo, 2012). Bali cattle is
considered as beef cattle breed (Jakaria et al., 2017) and
demonstrate several desirable characteristics, i.e. high
adaptation to the tropical climate conditions and high
efficiency in utilizing low quality feeds (Martojo,
2012), high reproductive performance and calving rate
of up to one calf per year (Purwantara et al., 2012),
thus, are prefered by smallholder farmers in rural area

under extensive rearing system, despite a high calf
mortality (Priyanti et al., 2012). Due to high calf
mortality rate, population growth of Bali cattle has been
slowly increased; even their population seemed to be
decreased (Talib et al., 2003). Genetic improvement in
cattle could be conducted using body measurements
such as chest girth and body length used as indirect
selection criteria (Kahi and Hirooka, 2005). In term of
heritability, linear body measurement was found to be
at moderate level (Choy et al., 2017) and showed a
strong positive correlation with live weight (Musa et al.,
2011; lge et al., 2015; Lukuyu et al., 2016). Body
weight characteristics constitute a major concern in
evaluating growth performance of Bali cattle
(Supriyantono et al., 2010).

Linear body measurements in livestock are preferred as
predictor towards weight including live weight as
previously applied for dairy cattle (Tebug et al., 2016),
crossbred dairy cattle (Lukuyu et al., 2016), Zebu cattle
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(Abdelhadi and Babiker, 2009), South African Herford
cattle (Marle-Koster et al., 2000), Sahiwal cattle
(Siddiqui et al., 2015) and Bali cattle (Gunawan and
Jakaria, 2010). In cattle farming, live body weight is a
key variable that is highly useful for breeding practices
and other purposes such as direct or indirect selection
criteria (Baldi et al., 2012), allowing to evaluate growth
performance (Franco et al., 2017), feed requirement,
marketing weight, and cash value (Tariq et al., 2013),
livestock health control (Depoorter et al., 2015) and
transportation  (Schwartzkopf-Genswein et al., 2016).
Estimation of cattle live body weight is an important
issue for many reasons. Weighing the livestock directly
is often difficult or not feasible in many cases
(Coopman et al., 2009) since it is costly, heavy to
transport, and requires technical facilities (Abdelhadi
and Babiker, 2009).

Live body weight recording is important as it allows
evaluation of growth performance (Franco et al.,
2017), feed requirements, marketing weight and cash
value (Tarig et al., 2013), although the correlation
between body weight and body measurement is
strongly affected by breed, age, type, condition, and
degree of fatness (Heinrichs et al., 1992; Yanar et al.,
1995). The determination of live body weight based on
body measurement is often performed using regression
analysis (Heinrichs et al., 1992; Ozkaya and Bozkurt,
2009). Siddiqui et al., (2015) reported a strong positive
correlation  between body weight and body
measurement. Previous studies have revealed that chest
girth could be used as predictor of live weight (Ozkaya
and Bozkurt, 2009; Siddiqui et al., 2015; Tebug et al.,
2016). The aim of the present study was to assess the
correlation of live body weight and body measurements.

MATERIALS AND METHODS

Cattle and rearing management

Bali cattle (Fig. 1) were randomly selected to obtain 68
cattle heads consisting of 37 male (steers) and 31
females (heifers) with age of 21-25 months old and a
range of body weight from 95.5 to 277 kg. The selected
cattle (weaned calves, age of 4 month) were reared
under extensive cattle system in paddock (not in cattle
sheds). Forage was available in paddock, while
additional forage of Pennisitum purpureum (10% of
body weight) and concentrate (1.5% of body weight)
were also added and was at ad libitum.

Measured variables

Live body weight (LBW) and body measurements
(body length= BL, wither height = WH, chest depth =
CD, hip height = HH, chest girth = CG) of the Bali
cattle were recorded at the morning before feeding
(grass supplementation and concentrate) in holding
yard. Digital scale was used to measure live body
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weight (scale of 0-1000 kg). The measurement
variables (BL, WH, CD, and HH) were measured using
a measuring stick, while CG was measured with a
measuring tape. The cattle weighing (expressed as kg)
and body measurement (expressed as cm) was
performed in cattle crush as presented in Fig. 2.

Fig. 1: Bali cattle reared under extensive farming system.
(A = steer, B = heifer).

Fig. 2: Collection of
measurements in Bali cattle. 1=wither height,
2=chest depth, 3=body length, 4=hip height,
5=chest girth.

live body weight and body
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Body measurements were collected according to
method of Otsuka et al. (1982). Wither height was
taken from the wither peak, through scapula, to the
standing ground, with a perpendicular position to the
surface, while chest depth was a vertical distance from
the peak of wither to chest. Body length was a distance
between the shoulder joint (tuberculus humeri) to the
pelvic bone (tuber ischii). Hip height was a vertical
distance from peak hip to the standing ground, while
chest girth was measured as body circumference at
exactly behind the forelegs.

Data management

Total collected data (408 set) including 222 set for male
and 186 set for female were recorded. The cattle’s age
was determined according to birth date in livestock’s
card and date at data collection. In general, both male
(steer) (37 heads) and female (heifer) (31 heads) Bali
cattle were calved in 2016 (2 years).

Statistical analysis

The recorded data was subjected to statistical analysis
to find the correlation coefficients and regression
analysis as suggested by Steel et al. (1997). The linear
measurements were subjected to simple and multiple
linear regression analysis using PROC REG of SAS
computer programme (SAS, 2003). The goodness of fit
(R?) was tested to determine the contribution of each of
the five independent variables measured to the
prediction of the dependent variable the live body
weight of Bali cattle. The linear regression equation
used Machebe and Ezekwe (2010) was: Y =a + b; X; +
E, Where: Y = LBW, the dependent variable a =
constanta; bi = Regression coefficient of the i th
independent variable; X; = The value of the i
independent variable. Such that: X; = BL; X, =WH; X3
= CD, X4 = HH; and Xs = CG; E = Standard error of
regression. The best model was evaluated from
determination coefficient (R?), adjusted R? and RMSE
(root mean squares error).

RESULTS AND DISCUSSION

Description of body measurements

Live body weight and linear body measurements of Bali
cattle for male (age of 21-25 months) and female (age
of 22-25 months) showed a higher average. However,
variation coefficient of male was higher than that of

female as presented in Table 1 and 2. The average body
measurements (WH, CD, BL, HH, CG) of Bali cattle in
male and female under extensive rearing system were
recorded as follows: 108 cm, 57.4 cm, 111.6 cm, 110.3,
148.0 cm and 100.6 cm, 53.0 cm, 109.7 cm, 109. 8 cm,
136.7 cm, respectively. The values are highly different
in comparison with previous report of Otsuka et al.,
(1982), found that the body measurement of Bali cattle
was as follows: 111.4 cm, 60.3 cm, 114.3 cm, 110.1 cm
and 151.7 cm. This suggests that there is a decrease in
body measurement value in last 36 years. Disagreement
may result from negative selection due to trade and
slaughtering practices of Bali cattle possessing the most
desirable performance; thus, those with less desirable
performance are then farmed by local farmers.
Additionally, average weight of male and female was
208.7 kg (121-277 kg) and 168 kg (96-249 kg) at age of
22.6 months (21-25 months) and 23.4 months (22-25
months), respectively.

Phenotypic correlation

Phenotypic correlation between live body weight and
body measurements showed a strong positive
correlation with a very high significance (P<0.001) in
both male and female. Furthermore, the phenotypic
correlation in female was observed to be higher in
comparison with male, particularly between live body
weight and chest girth, resulting in correlation
coefficient of 0.93. Meanwhile, the lowest correlation
coefficient (0.534) was found between live body weight
and body length, observed in male cattle (Table 3). The
phenotypic  correlation of live body weight
demonstrated a very strong positive correlation with
chest girth in male (r=0.74) and female (r=0.93). The
high correlation coefficient is also in agreement with
previous studies applied in various cattle, i.e. Brahman
cross (r=0.96) (Rashid et al., 2015), Sahiwal (r=0.98)
(Siddiqui et al., 2015), crossbred dairy cattle (0.84)
(Lukuyu et al., 2016), Kenana Sudanese cattle (r=0.92)
(Musa et al., 2011), 1-year old Bali cattle (r=0.87)
(Gunawan and Jakaria, 2010) and dairy cattle (r=0.938)
(Franco et al., 2017). The strong positive correlation as
found in chest girth is not only important for live body
weight assessment (Lukuyu et al., 2016), but also for
productivity improvement primarily in growth traits of
Bali cattle through selecting chest girth (one trait) that
enables to improve body weight and other traits.

Table 1: Descriptive live body weight and body measurements of Bali cattle (steer).

Variables n Mean Std Dev CV% Min. Max.
Age (month) 37 1.0 44 21 25

Live Body Weight (LBW)(kg) 37 208.7 37.9 18.2 121 277
Body length (BL)(cm) 37 108.4 9.4 8.7 89 144
Chest depth (CD)(cm) 37 4.7 8.1 48 68

Wither height (WH)(cm) 37 111.6 5.0 4.5 99 122
Hip height (HH)(cm) 37 110.3 55 5.0 94 122
Chest girth (CG)(cm) 37 148.0 9.5 6.4 123 169

n=individual number.
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Fig. 3: Relationship between live body weight and chest girth in Bali cattle. Plot A = male group, plot B = female group.

Table 2: Descriptive livebody weight and body measurements of Bali cattle (heifer).

Variables n Mean Std Dev CV% Min. Max.

Age (month) 31 23.4 1.0 43 22 25
Live Body Weight (LBW)(kg) 31 168.0 25.9 154 96 249
Body length (BL)(cm) 31 100.6 55 5.4 90 115
Chest depth (CD)(cm) 31 53.0 25 4.8 46 58
Wither height (WH)(cm) 31 109.7 4.1 38 102 120
Hip height (HH)(cm) 31 109.8 4.0 36 102 122
Chesth girth (CG)(cm) 31 136.7 6.7 4.9 119 151

n=individual number.

Table 3: Regression equations for the prediction of live body weight from body measurements in Bali cattle

Group n Regression equation R? Adj. R?> RMSE
Male 37 LBW =2.19(BL) -28.54(+62.24) 0.29 0.27 32.3
LBW = 4.95(CD) -75.56(+62.76) 0.37 0.35 30.5
LBW = 5.06(WH) -356.73(+107.42) 0.44 0.42 28.7
LBW = 4.60(HH) -299.52(+96.71) 0.44 0.42 28.7
LBW= 2.94(CG) -227.07(+67.82) 0.54 0.53 26.0
LBW= 2.11(CG)+ 2.40(HW)-371.08(+92.66) 0.59 0.57 24.7
LBW= 2.08(CG)+ 2.23(HW)+ 0.20(HH)-370.94(+94.05) 0.60 0.56 25.1
LBW=2.08(CG)+ 2.22(HW)+ 0.20(HH)+ 0.01(CD) -370.77(+101.35) 0.60 0.56 25.4
LBW= 2.23(CG)+ 0.90(HW)+ 0.86(HH) -1.14(CD)+ 1.18(BL)-379.68(+96.75)  0.65 0.59 24.3
Female 31 LBW =3.29(BL)-162.74(+63.84) 0.48 0.46 18.9
LBW= 6.23(CD) -162.18(+79.53) 0.37 0.35 20.8
LBW = 5.05(WH) -386.28(+75.54) 0.65 0.64 15.5
LBW= 4.29(HH) -302.76(+100.76) 0.43 0.41 19.8
LBW= 3.62(CG) -326.70 0.87 0.86 9.4
LBW=3.00(CG)+ 1.28(HW) -382.96(+43.56) 0.89 0.88 8.9
LBW= 2.93(CG)+ 0.49(HW)+ 0.94(BL) -381.96(+40.24) 0.91 0.89 8.3
LBW=2.90(CG)+ 0.10(HW)+ 0.95(BL)+ 0.60(HH) -401.55(+44.17) 0.91 0.89 8.2
LBW= 3.22(CG) -0.13(HW)+ 1.14(BL)+ 0.77(HH) -1.40(CD) -384.10(+43.94)  0.92 0.90 8.0
All 68 LBW=2.99(BL) -123.30(+42.14) 0.46 0.45 28.6
LBW= 6.20(CD) -153.58(+41.88) 0.51 0.50 27.3
LBW=5.75(WH) -446.82(+80.58) 0.49 0.48 27.8
LBW= 4.74(HH)-331.45(+87.74) 0.35 0.34 31.3
LBW= 3.28(CG) -278.58(+35.22) 0.73 0.72 20.2
LBW= 2.94(CG)+ 0.97(CD) -284.54(+35.59) 0.73 0.72 20.2
LBW= 2.64(CG)+ 0.29(CD)+ 1.71(WH) -391.98(+57.75) 0.75 0.74 195
LBW= 2.67(CG) -0.94(CD)+ 1.03(WH)+ 1.22(BL) -381.61(+53.74) 0.79 0.78 18.1

LBW=2.67(CG) -0.10(CD)+ 0.62(WH)+ 1.23(BL)+ 0.45(HH) -388.37(+55.55)  0.79 0.78 18.1
n=individual number, LBW=live body weight, BL=body length, CD=chest depth, WH=wither height, HH=hip height, CG=chest
girth, R?=coefficient of determination, AdjR?=adjusted R?, RMSE=root mean squares error.
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The enhanced growth traits in Bali cattle are also
influential to their genetic improvement, since
phenotypic correlation is strongly associated with
genetic correlation (Ceacero et al., 2016). Therefore,
the high correlation between live body weight and chest
girth in Bali cattle constitutes one of the key variables
in order to induce phenotypic and genetic improvement
primarily for smallholder farmers in Indonesia.
Regression model for estimation of live body weight
As presented in Table 4, simple and multiple regression
model for estimating live body weight of Bali cattle in
male was found to be lower compared to female,
according to value of R? and Adj. R?. Afterwards, this
caused the higher RMSE value in male than in female.
Practically, chest girth (CG) was best suited to predict
live body weight of both male and female using simple
regression model, i.e. LBW= 2.94(CG) -227.07(+67.82)
for male and LBW= 3.62(CG)-326.70(+35.36) for
female with R2coefficient of 0.54 and 0.87,
respectively, as shown in Fig. 3. The coefficient R?
could reflect RMSE value, in which high value of RZis
attributed to low RMSE, vice versa. Simple regression
model was deemed most reliable at chest girth of 123-
169 cm for male (age of 21-25 months) and 119-151 cm
for female (age of 22-25 months).

Simple and multiple regression model could be used to
estimate live body weight of Bali cattle according to
linear body measurements as predictor. Though, the
accuracy of body weight estimation was dissimilar
between male and female. In this case, the accuracy in
male was lower (R?=0.65; RMSE=24.3) than that in
female (R?=0.93; RMSE=8.0). The difference is caused
by a fact that dissimilarity in variables of live body
weight and body measurement for male is higher than
that for female. Hence, regression model needs to
construct separately between male and female, as well
as age (Rashid et al., 2016). Our experimental data
found that chest girth represented the best predictor for
estimating live body weight in Bali cattle using simple
regression model. This finding was also found in
preceding reports in Sahiwal cattle (Shidiquie et al.,
2015), Brahman cross cattle (Rashid et al., 2016), Bali
cattle (Gunawan and Jakaria, 2010), dairy cattle and its
crossbred (Tebug et al., 2016), Zebu cattle (Abdelhadi
and Babiker, 2009) and South African Herford cattle
(Marle-Koster et al.,, 2000). Live body weight
estimation using chest girth is highly useful for many
purposes not only for breeding practices but also for
smallholder farmers to determine feed requirement,
rearing management, and cattle trading. To date, cattle
weight in traditional trading practice relies on
estimation by traders, without using a scale. Estimation
of live body weight based on predictors from body
measurements (BL, CD, WH, HH, CG) in Bali cattle is
very essential for breeders and smallholder farmers
especially in rural location in which they use extensive
rearing system.
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In conclusion, phenotypic correlation of live body
weight according to linear body measurements (WH,
CD, BL, HH, CG) in Bali cattle was found to be highly
significant and showed positive correlation. Chest girth
was also found as the best predictor for assessing live
body weight of Bali cattle for male and female.
Combination of some linear body measurements could
enhance accuracy in estimating the live body weight in
both steer and heifer.
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