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Abstract. Ongole Grade (OG) cattle are commonly raised by many farmers in Indonesia, 

particularly in rural and remote areas where weighing scales are not readily available. The weight 

of these OG cattle can be estimated by utilizing their body measurements through the application 

of Principal Component Analysis (PCA). This research aimed to predict the body weight (BW) 

of OG cattle, which are primarily kept by smallholder farmers, using PCA based on various body 

measurements such as body length (BL), chest girth (CG), shoulder height (SH), and chest width 

(CW). Additionally, the effectiveness of PCA-based predictions was compared with a multiple 

linear regression model. This study involved a total of 120 OG cattle, comprising 26 males and 

94 females. The PCA of the body measurements, as well as the correlation and regression 

between these measurements (BL, CG, SH, and CW) and BW, were analyzed using the R 

programming language. The selection criteria for identifying the best-fit model for BW 

prediction were based on statistical indicators including coefficient of determination (R2), 

Adjusted R2, residual standard error (RSE), Akaike Information Criterion (AIC), and Bayesian 

Information Criterion (BIC). The findings of this investigation revealed that the primary factors 

representing body measurements were PC1 for both male (accounting for 89.21% variance) and 

female OG cattle (accounting for 85.71% variance). In comparison to the regression models, 

those generated from three PCs for males and two PCs for females demonstrated greater 

precision and simplicity in estimating the BW of OG cattle, without encountering 

multicollinearity issues. Consequently, the outcomes of this study have practical applications, 

serving as a means to predict the BW of OG cattle and contributing to selection programs within 

this cattle breed. 

 

1. Introduction 

Accurate estimation of body weight (BW) is of paramount importance in the management and husbandry 

of Ongole Grade (OG) cattle, a breed widely reared in Indonesia, particularly in rural and remote areas 

where resources such as weighing scales are often scarce. The ability to predict the weight of these cattle 

based on their body measurements is not only a practical necessity but also a crucial factor in enhancing 

breeding and selection programs, as well as overall livestock productivity. 

Traditionally, predicting cattle weight has relied on linear regression models that use individual body 

measurements like body length (BL), chest girth (CG), shoulder height (SH), and chest width (CW) as 

predictors. For example, many studies on estimating livestock body weight using linear regression 

https://creativecommons.org/licenses/by/4.0/
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models have been done such as in goats [1-3], sheep [4-6], and cattle [7-12]. Dakhlan et al [1] reported 

combination of chest girth (CG) and body length (BL) was the fittest predictors for body weight (BW) 

of Ettawa Grade goat with regression model of BW = -67.86 + 0.87*CG + 0.51*BL with coefficient of 

determination (R2) 0.76 and for body weight of female Saburai goat with regression model of BW = -

36.09 + 0.31*CG + 0.72*BL with R2 = 0.941. Paputungan et al. [9] suggested that the body weight of 

OG cattle can be estimated using body measurements (combination of CG and BL) of the cattle with the 

regression equation of BW = -806.41 + 4.79835*CG + 2.83500*BL with a high degree of accuracy 

(R2=0.97). However, these approaches can be limited by the potential for multicollinearity among these 

variables and may not fully capture the complex relationships that exist within the data, and this will 

cause redundancy in estimating the body weight of the livestock and this could cause the estimated 

regression coefficient of the model not reliable and its variance will be high.  

Principal Component Analysis (PCA) offers an innovative and promising alternative for optimizing 

the prediction of OG cattle weight. By transforming correlated body measurements into uncorrelated 

principal components (PCs), PCA allows for a more efficient and informative representation of the data. 

This method offers the potential to increase the precision of weight predictions while reducing model 

complexity and the risk of multicollinearity. 

Research on utilizing principal component analysis of body measurements to forecast livestock body 

weight was still quite limited, particularly in the context of Indonesia. According to Negash's findings 

[13], the implementation of principal component analysis significantly improved the accuracy of body 

weight prediction in indigenous Ethiopian chickens. In a similar vein,  Canaza-Cayo et al [14] also noted 

that when predicting the body weight of Corriedale Ewes in Southern Peru, a regression model derived 

from PCA outperformed a regression model that directly used body measurements. 

Hence, the objective of the present study was to determine the most effective method for predicting 

the body weight of Ongole Grade cattle by employing principal component analysis of body 

measurements and comparing its results with those of the conventional multiple linear regression 

approach. 

2. Materials and Method 

2.1. Data collection 

Data of body weight and body measurements, including chest girth (CG), body length (BL), shoulder 

height (SH), and chest width (CW) were obtained from 120 adults OG cattle (26 male and 94 female 

cattle) aged 3-5.5 years in livestock farmer group of KPT Maju Sejahtera in Tanjung Sari district 

Lampung Selatan regency, Lampung province, Indonesia. Body weight of cattle was from weighing 

directly using weighing scale, CG was measured by looping meter tape on cattle chest just behind 

foreleg, BL was measured as the distance between the shoulder bone bump and sitting bone bump. 

Shoulder height was measured as the distance between ground and the highest shoulder of the cattle, 

while CW was measured as distance between left side and right side of chest just behind the foreleg. 

Multiple linear regression analysis and PCA were performed using R program [15]. The best-fit 

prediction of a model was determined by the highest of coefficient of determination (R2) and adjusted 

R2, but the lowest of residual standard error (RSE), Akaike Information Criterion (AIC), and Bayesian 

Information Criterion (BIC). In addition, stepwise regression was also applied to find the best fit and 

more parsimonious model. Multiple linear regression of BW from body measurements was formulated 

as follows. 

BW = b0 + b1CG + b2BL + b3SH +b4CW 

where b0 was the intercept, b1-4 was partial regression coefficient for CG, BL, SH, and CW, respectively. 

While multiple linear regression generated from PCA was formulated as follows. 

BW = b0 + b1PC1 + b2PC2 + b3PC3 +b4PC4 
where b0 was the intercept, b1-4 was partial regression coefficient for PC1, PC2, PC3, and PC4 scores, 
respectively. 
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3. Results and Discussion 

3.1. Body measurements and body weight of Ongole Grade cattle 

The overview (in boxplot) of body measurements and body weight of Ongole Grade cattle can be seen 

in Figure 1. Based on the boxplot we can see that body weight, body length, and chest width are normally 

distributed, while chest girth and shoulder height had outliers. However, based on normality test, all 

data were normally distributed. 

 
Figure 1. Boxplot of body measurements (BL = body length, CG = 

chest girth, SH = shoulder height, and CW = chest width) and body 

weight (BW) of male (left side, grey colour) and female OG cattle 

(right side, violet colour) 

 

Table 1. Pearson’s correlations between body weight and body 

measurements of male OG cattle (above diagonal) and female OG cattle 

(below diagonal) 

 BL (cm) CG (cm) SH (cm) CW (cm) BW (kg) 

BL (cm) 1.00 0.95** 0.90** 0.84** 0.94** 

CG (cm) 0.82** 1.00 0.86** 0.82** 0.96** 

SH (cm) 0.80** 0.81** 1.00 0.77** 0.85** 

CW (cm) 0.85** 0.83** 0.75** 1.00 0.91** 

BW (kg) 0.88** 0.89** 0.82** 0.92** 1.00 
Notes: **Correlation is significant (P<0.01); BL = body length, CG = chest girth, 

SH = shoulder height, CW = chest width, BW = body weight 

 

Table 1 presented the Pearson’s correlations among body measurements and BW. Based on Table 1 

it can be seen that relationship among body measurements and body weight were strong ranged between 

0.75 (CW-SH) and 0.96 (CG-BW) and significant (P<0.01) for both male and female OG cattle. Similar 

observations were reported by previous study that correlation among body measurement and body 

weight in Bali cattle were strong and significant [8]. Paputungan et al [9] reported that body 

measurements (CG) highly and significantly correlated to body weight in OG cattle, but among body 

measurements (BL-CG) was low positive correlations. 
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3.2. Principal component analysis (PCA) 

The principal component (PC) scores of body measurements of male and female OG cattle with their 

cumulative proportion, proportion of variance, and eigen values is presented in Table 2, and individual 

PCs is shown in Figure 2 and Figure 3 for male and female OG cattle, respectively.  Based on Table 2, 

Figure 2, and Figure 3 it can be seen that the first PCs accounted for about 89.21 % and 85.71% for male 

and female cattle, respectively. Furthermore, the eigen value for the first PCs was more than one for the 

two sex of cattle. This result suggests that the regression models using only one PCs both in male and 

female OG cattle are adequate for predicting their BW. However, regression models using two or three 

PCs both in male and female OG cattle would increase the accuracy in predicting BW of OG cattle. The 

two PCs (PC1 and PC2) in this study accounted for about 95.31% and 92.11% of the variance in male 

and female OG cattle, respectively, and the first three PCs (PC1, PC2, and PC3) accounted for 98.77% 

and 96.98% for male and female cattle, respectively. 

 

Table 2. The Principal components scores, cumulative proportion, proportion 

of total variance, and eigenvalues for male and female OG cattle 

Male OG cattle PC1 PC2 PC3 PC4 

Standard deviation 1.889 0.494 0.37211 0.22206 

Proportion of variance 0.8921 0.061 0.03462 0.01233 

Cumulative proportion 0.8921 0.9531 0.98767 1 

Eigen value 3.568228 0.243998 0.138466 0.049309 

Female OG cattle PC1 PC2 PC3 PC4 

Standard deviation 1.8516 0.50573 0.42791 0.36428 

Proportion of variance 0.8571 0.06394 0.04578 0.03318 

Cumulative proportion 0.8571 0.92105 0.96682 1 

Eigen value 3.428433 0.255759 0.183105 0.132703 

 

The result of PC1 of this study was higher than that reported by Putra et al [16] that PC1 explained 

47.89% of total variance in body measurements of Pasundan cows, reported by  Khargharia et al [17] 

that PC1 of morphological traits was 40.37% of total variation in predicting BW of Assam Hill goat and 

that reported by Canaza-Cayo et al [14] that PC1 of body measurements was 33.67% of total variation 

to predict BW of Corriedale ewes. De Campos et al [18] reported that PC1 of morpho structural traits 

explained 57.70% of total variance in predicting BW of West African Dwarf sheep. 

 

 
 

Figure 2. Individual PCA of body measurements in male OG cattle 
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Figure 3. Individual PCA of body measurements in female OG cattle 
 

3.3. Regression models for predicting body weight of Ongole Grade cattle 

Regression models for predicting body weight of OG cattle using PC generated from body 

measurements and using original data of body measurements are presented in Table 3. The results of 

this study indicated that BW prediction using 4 PCs resulted in higher R2, AIC, and BIC, but lower RSE 

and adjusted R2 in male cattle compared to if using 3 PCs. However, regression coefficient for the 4th 

PC was not significant (P<0.05). This suggested that using 3 PCs is better because of higher adjusted R2 

and lower AIC and BIC. In addition, ANOVA test of the two models resulted in non-significant 

differences (P>0.05) meaning that using 3 PCs is more efficient and parsimonious than using 4 PCs. 

The same condition in female cattle, that using 2 PCs is better and more parsimonious for predicting 

BW of OG cattle. Based on Table 3 the regression model using 3 PCs generated from body 

measurements for predicting BW of male OG cattle is BW = 316.192 + 33.105*PC1 + 13.381*PC2 + 

21.507*PC3. 

Body weight prediction using original body measurements of male OG cattle indicated that the full 

model (BW = -353.8314 + 2.7280*CG + 1.227*BL - 0.4281*SH + 3.44*CW) resulted in higher R2, 

RSE, AIC, and BIC but lower adjusted R2 compared to reduced model resulted from step-wise 

regression method (BW = -328.6121 + 3.1438*CG + 3.6361*CW). This result suggested that the later 

regression model is better and more parsimonious. This happened might be because of non-significant 

regression coefficient of BL and SH (Table 3). On the other hand, the full regression model and 

regression model resulted from step-wise regression method in female OG cattle was the same. This 

suggested that the use of full regression model is better.  

 

Table 3. Regression model using PCA generated from body measurements and using original data of 

body measurements for predicting body weight of male and female OG cattle along with their selection 

criterion 

Using PCA 

Intercept 
Regression coefficient 

R2 Adj.R2 RSE AIC BIC 
PC1 PC2 PC3 PC4 

Male          

316.192 33.105** 13.381** 21.51** -14.86ns 0.9655 0.959 13.09 213.949 221.498 

316.192 33.105** 13.381** 21.51**  0.9629 0.9579 13.26 213.846 220.137 

316.192 33.105** 13.381**   0.9476 0.9430 15.42 220.853 225.885 

316.192 33.105**    0.9371 0.9345 16.53 223.587 227.361 
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Female          

314.766 24.822** 10.134** 5.639ns 4.9788ns 0.9164 0.9127 14.3 773.815 789.075 

314.766 24.822** 10.134** 5.639ns  0.9150 0.9122 14.34 773.381 786.098 

314.766 24.822** 10.134**   0.9125 0.9106 14.47 774.090 784.264 

314.766 24.822**    0.9013 0.9003 15.29 783.426 791.056 

Using original data 

Intercept 
Regression coefficient 

R2 Adj.R2 RSE AIC BIC 
CG BL SH CW 

Male with full model (first raw) and using stepwise regression method (second raw) 

-353.831 2.7280** 1.2270ns -0.4281ns 3.440** 0.966 0.959 13.09 213.95 221.498 

-328.612 3.1438**   3.6361** 0.964 0.961 12.78 211.10 216.135 

Female with full model (first raw) and using stepwise regression method (second raw) 

-442.619 1.7369** 1.5433** 1.1296ns 3.966** 0.9164 0.913 14.3 773.82 789.075 

-442.619 1.7369** 1.5433** 1.1296ns 3.966** 0.9164 0.913 14.3 773.82 789.075 

Transformation from PCA to original data 

Intercept 
Regression coefficient 

R2 Adj.R2 RSE AIC BIC 
CG BL SH CW 

Male          

0.00000 0.5094350 0.5163431 0.4941875 0.4792124 0.947     

Female          

0.00000 0.5032753 0.5064179 0.4894263 0.5007162 0.905     

 

In comparison between the use of regression model using principal component generated from body 

measurement and using original data of body measurements in predicting BW of OG cattle, the result 

of this study indicated that both the full and reduced models resulted in the same selection criterion. 

However, Pearson’s correlation among body measurements (raw data) were quite high (>0.70) (Table 

1) indicating that there was multicollinearity among the variables. It was supported by the high variance 

inflation factor (VIF) which was more than 5 (Table 5). While Pearson’s correlation among PCs were 

almost zero (~0) (Table 4) indicating that there was no multicollinearity among the variables. It was 

supported by the low variance inflation factor (VIF) which was lower than 5 (Table 5). The result of this 

study suggested that the use of principal component generated from body measurements is better than 

the use of original body measurements in predicting BW of OG cattle. 

 
Table 4. Pearson’s correlations among PCs of body 

measurements of male OG cattle (above diagonal) and female 

OG cattle (below diagonal) 

 PC1 PC2 PC3 PC4 

PC1 1 3.06E-16 1.25E-15 -5.36E-16 

PC2 3.22E-16 1 -6.40E-16 1.08E-15 

PC3 8.51E-16 -7.94E-16 1 -2.63E-16 

PC4 -1.10E-15 4.45E-16 1.13E-16 1 

Notes: PC1-4 = principal component 1-4 
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Table 5. Variance inflation factor (VIF) among body 

measurements and among PCs 

Sex Using body measurements 

 CG BL SH CW 

Male 9.832032 13.4416 5.143783 3.463664 

Female 4.3649 4.846024 3.476515 4.511088 

 Using PCA 

 PCA1 PCA2 PCA3 PCA4 

Male 1 1 1 1 

Female 1 1 1 1 

Notes: CG = chest girth, BL = body length, SH = shoulder height, 

CW = chest girth, PC1-4 = principal component 1-4. 
 
When conducting a regression analysis with PCA scores as predictor variables, it can prove to be a 

complex task to make sense of the outcomes in relation to the original variables' meanings. This 

challenge arises because PCA scores are essentially linear combinations of the original variables and 

lack a straightforward, direct association with the actual measurements. 

To tackle this dilemma, it frequently becomes necessary to revert the PCA scores to their original 

data context (Table 3). This reversion process involves using the loadings of the principal components, 

which capture the connections between the original variables and the PCA scores. Through this reverse 

transformation, we can reframe the results of the regression analysis within the context of the original 

variables. This, in turn, enables a more meaningful interpretation of the relationship between the 

predictors and the target variable. 

Using PCA scores as predictors in a regression model can offer benefits such as dimensionality 

reduction and multicollinearity reduction, but the interpretability of the results may be challenging. To 

gain a better understanding of the relationships between the variables, it is essential to transform the 

PCA scores back to the original data space, allowing for a more insightful discussion and interpretation 

of the regression results. So the final regression model utilizing PC1 transformation for predicting male 

and female OG cattle weight would be BW = 0.000 + 0.509435*CG + 0.5163431*BL + 0.4941875*SH 

+ 0.4792124*CW and BW = 0.000 + 0.5032753*CG + 0.5064179*BL + 0.4894263*SH + 

0.5007162*CW with R2 of 0.947 and 0.905, respectively. 

4. Conclusion 
In conclusion, variables for body measurements were represented mostly by PC1 for both in male 
(89.21%) and female (85.71%) OG cattle. Regression models developed using scores derived from one 
PC was the most efficient and parsimonious although using three PCs which explained 98.77% of total 
variation in BW of male OG cattle and two PCs which explained 92.11% of total variation in BW of 
female OG cattle are better in terms of higher R2 for predicting BW with no multicollinearity problem. 
While both conventional linear regression and PCA-derived regression equations produce similar 
selection criteria, the superiority of PCA-derived regression equations lies in their lack of 
multicollinearity. 
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