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Abstract. This research aimed to evaluate the use of body measurements (chest girth (CG), body
length (BL), and shoulder height (SH)) to predict live body weight (BW) of Simmental bulls in
Lembang Artificial Insemination Center, West Java. This research was carried out in December
2019 using a survey method of which all Simmental bulls aged 1—12 years were used in this
study. Data were analyzed using simple and multiple correlations and regression models using
the R program. Pearson correlation analysis was used to analyze correlation between BW and
body measurements, while to find the fittest and more parsimonious regression model we used
determination coefficient (R?) and stepwise regression analysis as criteria of selection. The
results showed that the average of BW, CG, BL, and SH were 814.54 + 144.18 kg, 215.72 +
16.50 cm, 170.13 £ 17.09 cm, and 142.79 £ 11.01 cm, respectively. The results of this study also
indicated that CG, BL, and SH positively and significantly correlated with BW, with correlation
value 0f0.90, 0.85, and 0.79, respectively. Combination of CG, BL, and SH produced the highest
correlations value (r = 0.92) with the fittest regression model for predicting BW, namely BW= -
888.64 +4.21*CG + 2.83*BL + 2.20*SH, with R? of 0.86.

Keywords: Simmental bull, Live body weight, Chest girth, Body length, Shoulder height

1. Introduction

The Lembang Artificial Insemination Center (BIB Lembang) is one of the National BIBs mandated by
the central government to provide superior frozen semen for livestock. The establishment of this
institution is to increase the livestock productivity and population in Indonesia, hamely through the
Artificial Insemination program (Al). According to the 2018 statistical data, the population of beef cattle
in Indonesia is 17,050,006 heads [1]. This amount is not sufficient for domestic meat needs, so the
shortfall must be met through imports of beef cattle. With the Al program, the government can reduce
livestock import activities from neighboring countries and it is hoped that it can meet the needs of animal
protein for people in Indonesia.

Simmental bull is one of the beef cattle raised at BIB Lembang to produce semen. The bull was
chosen because it has fast growth and good performance. Besides that, the beef temperament is tame
and easy to control. Based on these advantages, Simmental cattle are in great demand by breeders but
their distribution in Indonesia is still not evenly distributed. Many breeders choose the Al program to
get offspring of Simmental breeds, one of which is Simpo cattle. Simpo cattle are the result of crossing
male Simmental cattles with female Ongole cattle or Ongole Grade or “sapi Peranakan Ongole (PO)”.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Superiority of Simmental cattle can be seen from its body weight. Body weight is one indicator of
livestock productivity that can be estimated based on its body measurements which includes chest girth
(CG), body length (BL) and shoulder height (SH) [2,3,4,5,6,7,8,9,10,11,12]. Livestock body weight is
a parameter that can be used to determine carcass weight and the selling price of livestock. Furthermore,
the BW of bulls has a very significant effect on semen production, including the volume and
concentration of fresh semen [13].

Measuring the BW of cattle usually uses a measuring instrument in the form of a scale. However,
cattle scales are impractical for use in the field. Therefore, another alternative is needed to determine
the BW of cattle, one of which is the estimation using a correlational formula between BW and several
dimensions of the body of the cattle. Estimates using the correlational formula between BW and body
measurements in Simmental cattle are still not widely carried out so it is necessary to conduct a study
on correlation and regression analysis of body measurements and BW in Simmental bulls at BIB
Lembang, West Java to get the results of the animal BW prediction and assessment with good accuracy.
This study aimed to predict the live body weight of Simmental bulls using their body measurements.

2. Materials and methods

This research was conducted in December 2019 at BIB Lembang, West Java. Fifty-two bulls of
Simmental aged 1-12 years were used in this study. The equipment used was the Cas brand digital
livestock scale with a capacity of 2 tons with an accuracy of 1 kg, a measuring tape for the Rondo brand
with an accuracy of 0.1 cm, a measuring stick for the FHK brand with a capacity of 2 meters with an
accuracy of 0.2 cm, stationery, and camera or cellphone for documentation.

The method used in this research was the survey method, namely all Simmental bulls in BIB
Lembang were used and measured. The variables observed in this study were BW (kg), CG (cm), BL
(cm), and SH (cm). Bodyweight (BW) was measured directly using a digital scale. Chest girth (CG) was
measured at the chest cavity by wrapping a meter tape just behind the elbow of the bull's front leg, while
body length (BL) was measured straightly from the elbow to the lump of the sitting bone using a
measuring stick. Shoulder height (SH) is the perpendicular distance from the highest point of the
shoulder to the ground or floor. The data obtained were analyzed using simple and multiple correlations
and regression models using the R program [14, 15]. Pearson correlation was used to analyze the
correlation between BW and body measurements. We used determination coefficient (R?) and stepwise
regression analysis to find the best regression model for predicting the BW of Simmental bull. The
regression model with the highest R? and more parsimonious is the best.

3. Results and discussion

3.1 Body weights and body measurements of Simmental bull
Based on the research that has been done, the statistic of body weight and body measurements including
CG, BL, and SH are presented in Table 1 and shown in Figure 1.

Table 1. Data distribution of body weight and body measurements of Simmental cattle in BIB

Lembang.
Variable Mean Sd Median Minimum Maximum
Body weight (kg) 814.54 144.18 839.00 374 1018
Chest girth (cm) 215.72 16.50 218.00 164 237
Body length (cm) 170.13 17.09 174.00 108 194

Shoulder height (cm) 142.79 11.01 143.90 106 172
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Figure 1. Boxplot of data of body weight, chest girth, body length, and shoulder height of Simmental
bulls.

The results of this study indicated that the data of BW and body measurements varied very widely,
we can see that, for example, the average BW of Simmental bull at BIB Lembang was 814.54 + 144.18
kg with a median value of 839 kg, the smallest data of 374 kg, and the largest data of 1018 kg. This
might be due to the difference in the age of the bulls which also varied considerably from 1-12 years
old. The Bodyweight of Simmental bull of this study was higher than that reported by [2] that BW of
male Simbal (Simmental x Bali) cattle aged 1-2 years was 365.12 + 29.85 kg, and that reported by [16]
that BW of male Simbal cattle aged 2-2.5 years was 276.29+7.12 kg, and that reported by [17] that BW
of male SimPO (Simmental x PO) cattle whose 2 incisors changed was 387.48+46.43 kg. However, the
results of this study are lower when compared to the statements of [18] that the bodyweight of adult
male Simmental cattle can reach 1150 kg, while female Simmental cattle can reach 800 kg. This happens
because the Simmental bulls rearing at BIB Lembang are not intended as beef cattle, but rather as feeder
cattle for which semen will be produced. The raising of beef cattle aims to increase body weight as much
as possible in order to achieve production targets while raising feeder cattle aims to maximize semen
production with good quality and quantity of semen.

The average body weight of Simmental bulls in this study was 814.54 + 144.18 kg, almost close to
the best bodyweight for feeder Simmental cattle. This is in accordance with the results of research by
[13] that the quality of fresh semen from Simmental cattle with the highest value is in the moderate body
weight group, namely 840 kg and 846 kg. This quality of fresh semen is based on color, consistency,
volume, individual motility, and the number of motile spermatozoa. The best bodyweight can be
obtained through good rearing management, one of which is feeding management. Feeding management
at BIB Lembang was good enough. The feed given was in the form of concentrate with a special
formulation for bull cattle produced by PT. Charoen Pokhpand Indonesia and forage in the form of corn
sugar, Odot grass, Elephant grass and African grass, and given supplements in the form of bean sprouts
and mineral blocks.

The mean CG, BL, and SH of Simmental bulls in this study were 215.72 +16.50 cm, 170.13 + 17.09
cm, and 142.79 £ 11.017 cm, respectively (Table 1). Body measurements of this study are higher than
those reported by [2] that CG, BL, and SH of male Simbal cattle aged 1-2 years were 160.37 = 7.28 c¢m,
134.40 £ 6.50 cm, and 124.93 + 4.85 cm, respectively. These results are greater than the results of [19]
that the average size of CG, BL, and SH in male Simsimbal (Simmental x Simbal) cattle aged 1-2 years
was 158.40 £ 11.24 cm, 123.63 £ 7.59 cm, and 115.20 + 4.37 cm, respectively. The results of this study
are also greater than the results of [16] that CG, BL, and SH of male Simbal cattle aged 2-2.5 years were
155.3+1.64 cm, 126.6+1.07 cm, and 123.7+2.31 cm, respectively. The results of this study are also
greater than the results of [20] that CG, BL and SH of male Simbal cattle aged 1-2 years were 162.53 +
8.04 cm, 136.46 £ 6.27 cm, and 125.30 + 5.18 cm, respectively. It is reported by [17] that CG, BL, and
SH of male SimPO cattle were 167.80+7.98, 117.54+7.00, and 130.46+3.46 cm, respectively, while
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according to [21], those were 164.8349.58 cm, 124.4348.76 cm, and 124.65+5.36 cm, respectively. The
greater body measurements of the results of this study could be due to the difference in breeds between
Simmental, Simbal, SimPO, and Simsimbal cattle. Besides that, the material used in this study was more
diverse, namely using the age of 1-12 years.

This is in accordance with the result reported by [22] that livestock breed can affect livestock weight.
The weight gain of Bos taurus cattle is greater than that of Bos indicus cattle. Simmental cattle that is
selected as feeder cattle will have good performance so that their body sizes will be higher. In general,
the morphology of crossbreeding Simmental cattle will change and differ their phenotypic qualitatively
and quantitatively compared to purebred Simmental cattle [21, 23].

3.2 Correlation between body weight and body measurements of Simmental bulls

Based on the research that has been done, the results showed that there was a positive and significant
correlation between BW and body measurements in Simmental bulls in BIB Lembang (Table 2). Table
2 and Figure 2 show us that CG has the highest correlation (0.90) with BW, followed by BL (0.86) and
SH (0.80). The results of this study are in line with the results of research of [8] reported that the
relationship between CG and BW of the SimPO breed cattle aged 2-3 years was very strong with an r-
value of 0.851. It is reported by [10] that the relationship between BW and CG, BW and BL, and BW
and SH of SimPO cattle were 0.902, 0.808, and 0.789, respectively. It is reported by [6] that the
relationship between CG, BL, SH, and BW of Aceh cattle at weaning age were 0.65, 0.56, and 0.64,
respectively and at yearling age were 0.69, 0.58, and 0.55, respectively.

Table 2. Simple and multiple correlations between body weight and body measurements of male
Simmental cattle in BIB Lembang.

Simple and multiple correlation Correlation Coefficient (r) Significance
Simple correlation

BW ~ CG 0.900 2.2e-16 **
BW ~ BL 0.859 3.612e-16 **
BW ~ SH 0.797 1.551e-12 **
Multiple correlations

BW ~CG +BL 0.916 2.2e-16 **
BW ~ CG + SH 0.900 2.2e-16 **
BW ~BL + SH 0.900 2.2e-16 **
BW ~CG +BL + SH 0.923 2.2e-16 **

Note: BW = Body weight, CG = Chest girth, BL = Body length, SH = Shoulder height
** = Significance level at 1% (P<0.01).
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Figure 2. Visualization of correlation between body weight and body measurements.



2nd International Conference on Animal Production for Food Sustainability 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 888 (2021) 012030  doi:10.1088/1755-1315/888/1/012030

Chest girth had the highest correlation value with BW in this study, presumably because there are
vital organs such as the heart and lungs that grow in the chest cavity so that the enlargement of the chest
cavity will be in line with the growth of the cattle. These organs will grow and develop in line with the
growth of the livestock. In addition, bodyweight gain will also be influenced by fat accumulation. In
addition to CG, BL and SH also had a very strong correlation value with BW meaning that the longer
and the higher the body is the more bodyweight increases.

Multiple correlations of the results of this study which has the highest correlation value with BW
was the combination of CG, BL, and SH which had a significant correlation value of 0.923. Meanwhile,
the lowest significant correlation value was the combination of CG and SH with an r-value of 0.900.
This could be because at the age of the cattle that have reached puberty, the growth of the leg bones will
stop so that there will only be a buildup of fat on the shoulders so that if SH is combined with CG, the
addition of SH variable is not significant to increase r value. These results agree with [24] that, when
the bones in the body of cattle (including the leg bones) are in optimum growth, their growth will stop,
while the ribs can still grow and develop because they are the bones with the last growth so that it can
increase the size of CG.

The results of this study are in accordance with the result of [7] and [25] who reported that CG, BL,
and SH are body measurements that have the highest correlation with BW. In addition, these body
measurements are very determining variables for the estimation of BW. The closeness of the relationship
between BW and body measurements can be used as a basis for determining prospective candidates.

3.3 Regression equations between body weight and body measurements of Simmental bull

The regression equation between BW and body measurements (CG, BL, and SH) of Simmental bulls in
BIB Lembang were BW = -882.91 + 7.87*CG, BW = -418.36 + 7.25*BL and BW = -674.98 +
10.43*SH, respectively. Based on the regression equation, for example, every 1 cm increase in CG will
be followed by an increase in BW of 7.87 kg, likewise in the regression equation on BL and SH, BW
increases according to the magnitude of the regression coefficient. Regression coefficients of the results
of this study were higher than those of [8] results in male SImPO, that the regression equation between
CG and BW at 1.5-2 years, 2-3 years, and 3-3.5 years were BW = -387.81 + 4.74*CG, BW =-906.27 +
7.34*CG, and BW = -287.34 + 4.27*CG, respectively, and between BL and BW were BW = -215.996
+ 4.89*BL, BW = -432.25 + 6.05*BL, and BW = -106.77 + 4.19*BL, respectively. This means that
changes in body measurements of Simmental bull affected the changes of BW higher compared to the
result of [8]. The simple and multiple regression models in this study are presented in detail in Table 3.

Table 3. The regression equation of body measurements on body weight of Simmental bulls in BIB

Lembang.
Regression models Regression equation Coefficient of
deiermination (R?)
BW ~ CG BW =-882.91 + 7.87*CG 0.811
BW ~ BL BW =-418.36 + 7.25*BL 0.738
BW ~ SH BW = -674.98 + 10.43*SH 0.635
BW ~CG +BL BW =-830.72 + 5.31*CG + 2.93*BL 0.846
BW ~ CG + SH BW =-945.99 + 6.52*CG + 2.47*SH 0.823
BW ~ BL + SH BW = -743.55 + 4.99*BL + 4.97*SH 0.810
BW~CG+BL+SH BW =-888.64+4.21*CG + 2.83*BL + 2.20*SH 0.856

Note: BW = Body weight, CG= Chest girth, BL = Body length, SH = Shoulder height

Based on Table 3 it can be seen that the combination of CG, BL, and SH had the fittest prediction of
BW with the highest coefficient of determination (R2), namely 0.856 (85.6% of Simmental bull body
weight is influenced by CG, BL, and SH, while the rest is influenced by other factors). The regression
equation of the three combinations of body measurements was BW = -888.64 + 4.206*CG + 2.831*BL
+ 2.199*SH which means that every 1 cm increase in CG if the BL and SH are constant, it will be
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followed by an increase in BW of 4.2 kg. Meanwhile, the regression equation between SH and BW had
the lowest R2 value (0.635) with the regression equation of BW = -674.98 + 10.431*SH. The results of
this study indicated that body measurements (CG, BL, and SH) can be suggested to be used as an
estimator of BW in Simmental bulls. The multiple regression in this study was higher than that of [6]
results, who reported that multiple regression analysis based on CG, BL, and SH at weaning age of Aceh
cattle was BW =-30.23 + 0.48*CG + 0.13*BL + 0.51*SH with a value R2 0.54 (54%).

The scatter plot and regression line of the regression equation using a single body measurement
against BW can be visualized as in Figure 3.
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Figure 3. Scatter plot and regression line between body weight and body
measurements of Simmental bull in BIB Lembang.

Figures 3 illustrate that the regression between shoulder height and body weight has the highest
regression coefficient which means that it has the greatest influence on changes in body weight, while
the regression of CG and BL on BW has a similar regression coefficient. However, the three regression
equations have very different intercepts. Although the regression equation of SH and BW had a higher
regression coefficient, the coefficient of correlation (r) and determination (R?) of SH on BW was lower
than those of CG and BL on BW in Simmental bull. All these differences may be caused by differences
in each part of the body that has different growth and content of meat or fat attachment.

4. Conclusion

Body measurements have a positive and significant correlation with body weight with chest girth has
the highest relationship with bodyweight. Chest girth is the best predictor for the bodyweight of
Simmental bulls if using single body measurement. Combination of chest girth, body length, and
shoulder height was the fittest in predicting bodyweight of Simmental bull with a regression model of
BW=-888.64 +4.21*CG + 2.83*BL + 2.20*SH and with R? of 0.86.
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