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ABSTRACT

The study aimed to establish a predictive model for body weight 
in White Leghorn using morphometric traits through different 
data mining algorithms. Data was collected from 100 chickens, 
including body weight (BW), beak length (BKL), body length 
(BL), keel length (KL), chest girth (CG), body girth (BG), 
shank length (SL), back length (BCL), shank circumference 
(SC) and wing length (WL). Chi-Squared Automatic Interaction 
Detection (CHAID), Classification and Regression Trees 
(CART) and Exhaustive chi-squared Automatic Interaction 
detection (EX-CHAID) were used for data analysis. Based on 
goodness of fit criteria, CART model was the best model for 
prediction of body weight in White Leghorn chickens with 
higher values of correlation coefficient (r = 0.84) and coefficient 
of determination (R2 = 0.71), and lower root mean square error 
(RMSE = 0.18), Akaike information criterion (AIC = -341.77) 
and Bayesian information criterion (BIC = -339.16). CART 
model identified CG, BL, and WL as key contributors to BW 
variation, suggesting that focusing on these traits can assist in 
BW prediction and support farmers in improving their chickens.

Keywords: CHAID, CART, Exhaustive CHAID, goodness of 
fit

INTRODUCTION

White Leghorn is a white feathered chicken breed, which is also known 
as an egg layer. It originates from Egypt, and they are valued for their 
egg-laying abilities and adaptability (Ewonetu, 2017). Morphometric 
traits have emerged as effective tools for predicting the body weight, 
that is critical for livestock management and breeding (Ebong et al., 
2023). Data mining algorithms offer robust models for body weight 
prediction by leveraging morphometric traits (Tyasi et al., 2020). 
Body weight and morphometric traits have a significant relationship in 
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measuring the growth of the domesticated chickens 
(Nosike et al., 2017). However, accurate animal 
weighing and assessment may be hampered by a 
lack of technical knowledge; small-scale farmers 
in rural areas are facing difficulty on  accessing 
weighing scales, which  makes  this method 
challenging (Negash, 2021). Morphometric traits 
have been used to determine body weight in poultry 
and livestock species (Assan, 2013). Several 
studies focus on using data mining algorithms 
to predict body weight in chickens. Ogunshola 
et al. (2017) reported that morphometric traits 
of a chicken could be used to predict the ration 
of body weight at any period of age from 17-25 
weeks old of Fulani ecotype chicken. Dalal et al. 
(2020) concluded that morphometric traits had an 
excessive effective and crucial correlation with 40 
weeks body weight, indicating the effectiveness of 
the use of morphometric traits in predicting body 
weight in synthetic White Leghorn strain.

However, according to the author’s knowledge, 
there is limited information on the prediction of 
body weight from morphometric traits of White 
Leghorn using data mining algorithms. Therefore, 
the objectives of the study were as follows: 1) 
To determine the relationship between the body 
weight and morphometric traits of the White 
Leghorn chicken breed, 2) To establish a model for 
prediction of body weight from morphometric traits 
of White Leghorn chicken breed using data mining 
algorithm. This study will help local farmers to 
gain knowledge about the relationship between 
the body weight and morphometric traits of White 
Leghorn and understand which morphometric 
traits can be used as a selection criterion to estimate 
body weight of White Leghorn chickens.

MATERIALS AND METHODS

Study area

The study was carried out at the University of 
Limpopo Experimental Farm, Limpopo province, 
South Africa. The farm is situated 10 kilometres 
north-west of the University of Limpopo (23o49’ 

S; 29o41’ E). The area has a semi-arid climate with 
an average temperature ranging from 10o C to 36o 

C in summer and 5o C to 28o C in winter, the farm 
receives an annual rainfall of less than 400 mm 
(Molabe et al., 2024).

Experimental animals, management and study 
design

The study used a total of 100 White Leghorn 
chickens. The chickens were raised following the 
ordinary husbandry practices of feeding systems, 
housing, vaccination, and health care as described 
by Alabi (2012). The chickens were housed under 
intensive production conditions. The chicken 
house was cleaned seven days before the chickens 
arrived and disinfected with Virokill disinfectants 
to avoid transmission of pathogenic diseases to the 
chickens. The biosecurity protocols were followed 
in the area, where the footbaths with disinfectant 
were placed at the door for disinfecting before 
entering the chicken house. The study used 
a cross-sectional study design with one-time 
measurements per bird. 

Data collection

The data was collected through measurements of 
the body weight (BW) and morphometric traits. 
Morphometric traits such as beak length (BKL), 
body length (BL), keel length (KL), back length 
(BCL), chest girth (CG), shank length (SL), shank 
circumference (SC) and wing length (WL) of White 
Leghorn chickens were measured using a measuring 
tape calibrated in centimetres (cm), while the body 
weight of each chicken was measured in kilograms 
(kg) using a weighing scale as described by Tyasi 
et al. (2021). The measurements were collected 
by one person throughout to avoid individual 
variation on measuring.

Statistical analysis

The data collected was analysed using Statistical 
Package for Social Sciences (IMB SPSS, 2023) 
version 29.0 software. Pearson’s correlation was 
used to examine the association between the body 
weight and morphometric traits, while CHAID, 
CART and Ex-CHAID were used to develop the 
models to predict body weight from morphometric 
traits. The predictive performance of CHAID, 
CART and Ex-CHAID was done using the 
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goodness of fit criteria.

The following goodness of fit criteria were used in 
the study:

Correlation coefficient

Coefficient of determination 

Adjusted coefficient of determination

Root mean square error

Akaike information criterion

Bayesian information criterion

Where:

Yi, the actual body weight (g) of the White 
Leghorn;

Ŷi, the predicted body weight value of White 
Leghorn;

 Ȳ, average of the actual body weight of the White 
Leghorn; 

 k, number of significant independent variables in 
the model; 

and n, the total number of White Leghorns. 

The residual value of each White Leghorn is 
expressed as Ɛi= Yi – Ŷi.

RESULTS

Table 1 below represents descriptive statistics of 
BW and morphometric traits of White Leghorn 
chicken breed. The findings displayed that the 
mean values of the morphometric traits ranged 
from 3.17 to 42.64 cm, with the chicken height 
having the highest mean value. The minimum and 
maximum values range from 1.20 to 50.00.
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RESULTS  

Table 1 Descriptive statistics for body weight and morphometric traits

Traits Mean SE SD Minimum Maximum
BW 2.09 0.03 0.27 1.20 2.57
BL 24.78 0.22 2.16 20.00 29.00
WL 20.07 0.17 1.66 16.00 23.00
CG 37.46 0.27 2.74 31.00 43.00
BKL 3.17 0.07 0.72 2.00 5.00
BCL 6.44 0.13 1.28 4.00 10.00
CH 42.64 0.35 3.51 36.00 50.00
TBL 26.52 0.22 2.16 13.00 31.00

SE: stand. error, SD: stand. deviation, BW (kg): body weight, BL (cm): body length, WL (cm): wing 
length, CG (cm): chest girth, BKL (cm): beak length, BCL (cm): back length, CH (cm): chicken height, 
TBL (cm): tail-back length.

Table 2 below shows the correlation between 
body weight and morphometric traits of the White 
Leghorn chicken breed. The results showed that 
BW had a positive highly significant correlation 

(P < 0.01) with the BL, but positive significant 
correlation (P < 0.05) with CG, WL and CH. It 
was also found that the BKL, BCL, and TBL had a 
non-significant correlation (P > 0.05) with the BW. 
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Table 2 Correlation between body weight and morphometric traits

Traits BW BL WL CG BKL BCL CH TBL
BW (kg)
BL (cm) 0.49**
WL (cm) 0.27* 0.30**
CG (cm) 0.18* 0.06ns -0.00ns

BKL (cm) 0.05ns -0.02ns 0.06ns -0.19*
BCL (cm) 0.12ns -0.04ns 0.15ns -0.01ns 0.21*
CH (cm) 0.21* -0.09ns 0.16ns 0.05ns 0.04ns 0.04ns

TBL (cm) 0.14ns -0.02ns 0.25** 0.00ns 0.08ns 0.19* 0.27**

BW: body weight, BL: body length, CG: chest girth, BKL: beak length, BCL: back length, CH: chicken 
height, TBL: tail-back length. **highly significant (P<0.01). *Significant (P<0.05). ns: non-significant.

Figure 1 below represents the CART model. CART 
model revealed that CG, BL and WL were found 
to be highly contributing to the variation of the 
BW of White Leghorn. This data mining algorithm 
consists of 8 nodes, with node 0 as the root node. 
Node 0 shows the average mean BW as 2.03 kg. 
Node 0 was split through CG into two subgroups, 
node 1 (CG ≤ 42.50 cm) with mean BW of 1.99 
kg, and node 2 (CG > 42.50 cm) with mean BW 
of 3.00 kg. Node 1 was subdivided according to 
BL into two subgroups, node 3 (BL ≤ 21.50 cm) 
with mean BW of 1.43 kg, and node 4 (BL > 21.50 
cm) with mean BW of 2.03 kg. Node 4 was further 
subdivided through WL into two subgroups, node 
5 (WL ≤ 21.50 cm) with mean BW of 2.00 kg, and 
node 6 (WL > 21.50 cm) with mean BW of 2.17 
kg. Node 6 was further split according to BL into 
two subgroups, node 7 (BL ≤ 25.50 cm) with mean 
BW of 2.50 kg, and node 8 (BL > 25.50 cm) with 
mean BW of 2.00 kg. The predicted values among 
the all nodes range from 1.43 to 3.00.

Figure 2 below, represents the CHAID model. 
The findings displayed that BL and BKL were 
significant variables for prediction of BW of 
White Leghorn. The CHAID model consists of 7 
nodes with node 0 as the root node. The root node 
showed the mean BW of 2.03 kg. The root node 
was subdivided through BL into five subgroups, 
node 1(BL ≤ 21.00 cm) with mean BW of 1.43 kg, 
node 2 (BL, 21.00-22.00 cm) with mean BW of 

2.00 kg, node 3 (BL, 22.00-23.00 cm) with mean 
BW of 2.00 kg, node 4 (BL, 23.00-24.00 cm) with 
mean BW of 2.50 kg, and node 5 (BL >24.00 cm) 
with mean BW of 2.05 kg. Node 5 was subdivided 
through BKL into two subgroups, node 6 (BKL 
≤4.00 cm) with mean BW of 2.03 kg, and node 
7 (BKL >4.00 cm) with mean BW of 2.50 kg. All 
these terminal nodes, node 4 and node 7 produced 
the maximum predicted value compared to other 
nodes observed.

Figure 3 below display of Ex-CHAID model. 
This model revealed BL and WL as significant 
morphometric traits, which highly contributed 
to the body weight variation of White Leghorn 
chicken breed. 11 nodes were obtained with node 
0 as the root node. Node 0 as the root node was 
subdivided through BL into 5 subgroups, node 
1(BL ≤21.00 cm) with mean BW of 1.43 kg, node 
2 (BL, 21.00-22.00 cm) with mean BW of 2.00 
kg, node 3 (BL, 22.00-23.00 cm) with mean BW 
of 2.00 kg, node 4 (BL, 23.00-24.00 cm) with 
mean BW of 2.50 kg, node 5 (BL >24.00 cm) with 
mean BW of 2.05 kg. Node 5 was also subdivided 
through WL into 6 subgroups, node 6(WL ≤18.00 
cm) with mean BW of 2.00 kg, node 7 (WL, 18.00-
19.00 cm) with mean BW of 2.00 kg, node 8 (WL, 
19.00-20.00 cm) with mean BW of 2.00 kg, node 9 
(WL, 20.00-21.00 cm) with mean BW of 2.00 kg, 
node 10 (WL, 21.00-22.00 cm) with mean BW of 
2.33 kg, and node 11 (WL >22.00 cm) with mean 
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Figure 1 CART model
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Figure 2 CHAID model

Figure 3 Exhaustive-CHAID model
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BW of 2.00 kg. Among all these terminal nodes, 
node 4 shared a maximum predicted value than 
other nodes.

Table 3 below shows the predictive performance 
of CART, CHAID and EX-CHAID models. The 
results from the Table showed that CART model 
had a high value of r, R2, AdjR2, and a lower RMSE, 

AIC and BIC. The findings further displayed that 
the CHAID model had the lowest r, R2, AdjR2, 
and the highest RMSE, AIC and BIC. In this 
case, CART was the best predictive model for the 
prediction of body weight of the White Leghorn 
chicken breed. 

Table 3 Predictive performance of CART, CHAID and Ex-CHAID

Criteria CART CHAID EXHAUSTIVE-CHAID Decision
r 0.84 0.66 0.72 Greater is better
R2 0.71 0.44 0.52 Greater is better
Adj R2 0.70 0.43 0.52 Greater is better
RMSE 0.18 0.25 0.23 Smaller is better
AIC -341.77 -276.94 -293.38 Smaller is better
BIC -339.16 -274.33 -290.78 Smaller is better

r: correlation coefficient, R2: coefficient of determination, Adj R2: adjusted coefficient of determination, 
RMSE: root mean square error, AIC: Akaike information criterion, BIC: Bayesian information criterion.

DISCUSSION AND CONCLUSION

Due to the lack of weighing scales, rural farmers 
with limited resources can predict livestock body 
weight using morphometric traits (Adhianto 
and Harris, 2020). Firstly, the present study 
examined the relationship between body weight 
and morphometric traits of White Leghorn 
using Pearson’s correlation. The results on 
morphometric traits revealed that body length had 
a positive highly significant correlation with body 
weight, with chest girth, wing length and chicken 
height having a positive significant correlation 
with body weight. The findings of the current 
study were in accordance with those of Tyasi et 
al. (2020), who found that beak length, wing 
length and back length played an important role 
in the body weight of Potchefstroom Koekoek 
laying hens. Similarly, Dzungwe et al. (2018) 
found that morphological traits such as wing 
length had a significant role in the body weight 
of French Broiler Guinea Fowl. Ojo et al. (2014) 
also indicated that wing length had a significant 
correlation to the body weight of Japanese 
Quail. However, the findings of the current study 

contradict with the findings of Tyasi et al. (2017) 
who reported non-significant correlation between 
body weight and studied morphometric traits of 
Chinese Dagu chickens. The differences observed 
might be due to the genetic variations of the breed. 
Yunusa and Adeoti (2014) reported similar results 
to the current study, where body length and breast 
length were crucial morphometric traits, which 
helped to establish body weight of Yoruba and 
Fulani ecotype chickens. The correlation results 
of the current study imply that increasing body 
length, wing length, chest girth and chicken height 
might improve the body weight of White Leghorn 
chicken breed. The study further developed the 
best model for prediction of body weight from 
morphometric traits of White Leghorn chicken 
breed using data mining algorithms. The current 
study revealed that CART model explained 71% 
of the variance in White Leghorn body weight 
and demonstrated superior predictive accuracy. 
The CART model outperformed the CHAID and 
Ex-CHAID models. CART model showed chest 
girth as the best predictor trait of body weight of 
White Leghorn chicken breed. The findings of the 
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current study were in accordance with those of 
Tyasi et al. (2024), who found that CART is the 
most effective model in the prediction of body 
weight in chickens as compared to CHAID. The 
findings of the current study were in disagreement 
with the findings of Gevrekçi and Takma (2018) 
who showed that CHAID model was the best in 
the prediction of body weight in poultry species. 
However, the variations in the findings might be 
due to breed and environment differences, and data 
characteristics. More studies need to be conducted 
on the prediction of body weight using data mining 
algorithms in chickens. CHAID performed poorly, 
and this might be caused by small sample size 
within the nodes, which resulted in overfitting of 
the model. The findings of the current study on 
CHAID performance were supported by Lemke et 
al. (2009). 

The current study concludes that there is a positive 
relationship that exists between body weight and 
chest girth, body length and wing length. These 
traits can be used to enhance body weight of 
White Leghorn chickens. CART model proved to 
be the best-fitting model for accurately predicting 
body weight, indicating that chest girth is a key 
predictor of body weight in the White Leghorn 
chicken breed. The findings from the current 
study might help researchers, chicken breeders or 

farmers on which morphometric traits to use when 
they want to predict the BW of their chickens. It is 
recommended that further studies can be conducted 
on prediction of the body weight of chickens using 
different data mining algorithms. 
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PREDVIĐANJE TJELESNE TEŽINE NA OSNOVI MORFOMETRIJSKIH 
KARAKTERISTIKA BIJELOG LEGHORNA KORIŠTENJEM ALGORITMA ZA 
RUDARENJE PODATAKA

SAŽETAK

Cilj istraživanja je kreirati prediktivni model za određivanje tjelesne težine Bijelog leghorna na 
osnovi morfometrijskih karakteristika korištenjem algoritama za rudarenje podataka. Podaci su 
prikupljeni na 100 pilića, a odnose se na tjelesnu težinu (BW), dužinu kljuna (BKL), dužinu grebena 
(KL), obim prsa (CG), obim tijela (BG), dužinu goljenice (SL), dužinu leđa (BCL), obim golenjače 
(SC) i dužinu krila (WL). Za analizu su korišteni: Chi-Squared Automatic Interaction Detection 
(CHAID), Classification and Regression Trees (CART) i Exhaustive chi-squared Automatic 
Interaction detection (EX-CHAID). Na osnovu usklađenosti, CART model je bio najbolji model za 
predviđanje tjelesne težine kod Bijelog leghorna sa višim vrijednostima koeficijenta korelacije (r = 
0.84) i koeficijenta determinacije (R2 = 0.71) i nižim korijenom srednje kvadratne pogreške (RMSE 
= 0.18), Akaike informacijskim kriterijem (AIC = -341.77) i Bayesovim informacijskim kriterijem 
(BIC = -339.16). CART model je identificirao  CG, BL i WL kao ključne faktore varijacije BW, 
ukazujući kako fokusiranje na ove karakteristike može olakšati predviđanje tjelesne težine i biti od 
pomoći uzgajivačima u poboljšanju karakteristika pilića.  

Ključne riječi: CART, CHAID, Exhaustive CHAID, usklađenost


