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			Abstract | The best-fitted regression model determined using R2, RMSE, AIC and BIC can result in the egg quality traits that can best predict egg weight in chickens. The study aimed to develop a model that can be employed to estimate egg weight from egg quality traits with stepwise regression in the Lohmann brown chicken breed. The study was conducted at Kitamu farm in Ntsima village in Limpopo Province, South Africa. The Pearson’s correlation findings displayed that egg weight (EW) had a highly positive remarkable association (P < 0.01) with egg length (EL), yolk weight (YW), egg width (EWD), albumen weight (AW), shell surface area (SSA), albumen ratio (AR) and egg volume (EV), and a highly negative remarkable relationship (P < 0.01) with Y/A. Stepwise results revealed that the model, including EV, AW, SSA, EWD, EL, YW and AR, is the best-fitted regression model (R2 = 0.99, RMSE = 0.03, AIC = 14.17, BIC = 37.26) for estimation of egg weight in the Lohmann brown chicken breed. The study concludes that the improvement of EWD, YW, SSA, AW, AR, EV and EL might enhance the egg weight of the Lohmann chicken breed. The EV, AW, SSA, EWD, EL, YW and AR may be chosen when breeding for enhancement of egg weight in the Lohmann brown chicken. The study outcomes may assist farmers in the egg quality traits to consider during breeding to improve the egg weight of the Lohmann Brown chicken breed. 
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			INTRODUCTION

			The Lohmann Brown chicken breed is a cross between lines of Rhode Island Red and White Rock breeds, with a high yield of eggs and a friendly temperament; it is mainly bred for egg production but can be used for meat purposes (Tutkun et al., 2018). Eggs are reservoirs of nutrition for embryos that are still developing and are also a source of protein for human beings (Liswaniso et al., 2021). An egg is a vital source of animal protein in the world and with an increasing human population, the demand for eggs is high (Raphulu et al., 2015). Hence, there is always a need for improvement in egg production in chickens to meet the demand by consumers. Stepwise regression is used to detect the most influencing variable (Smith, 2018). Stepwise regression analysis is the most widely used method for selecting a suitable regression equation (Landau and Everitt, 2017). Previous studies showed the importance of internal and external egg traits as estimators of egg size during the breeding of different Japanese quail strains, Isa Brown egg layer chickens in Nigeria and South-eastern Nigeria local chicken (Adeolu and Oleforuh-Okoleh, 2011; Chimezie et al., 2017; Ukwu et al., 2017). Liswaniso et al. (2021) also conducted a study on egg quality traits to estimate egg size in indigenous free-range chickens in Zambia.

			However, the information on the use of the stepwise regression technique in egg size prediction using egg quality characteristics in the Lohmann Brown chicken breed is debatably unknown. Thus, the study’s objectives were to (1) evaluate the relationship between egg weight and egg quality traits of the Lohmann Brown chicken breed and (2) establish a model to predict egg weight from egg quality traits in the Lohmann Brown chicken breed using stepwise regression.

			MATERIALS AND METHODS

			Study site

			The current study was conducted at Kitamu farm in Ntsima village, which is in the Limpopo Province, South Africa. The temperature ranges, rainfall patterns and coordinates are the same, as explained by Kutu and Asiwe (2010).

			Experimental birds, management and study design

			A total of 100 Lohmann Brown chicken breeds were utilised for the experiment. The birds were bought at 18 weeks and raised under an intensive production system. The laying mash was purchased from Angels feeds in Polokwane, South Africa. The chickens were raised following the ordinary husbandry practices of feeding systems, housing, vaccination and health care, as described by Alabi et al. (2012). 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 drinkers and feeders were bought at NTK in Polokwane, South Africa. The stress pack was given to the chickens in drinking water on arrival after transportation to relieve stress. The chickens were fed the egg-laying mash for 18 weeks, and water was provided ad libitum. In the study, a cross-sectional design was employed. 

			Eggs collection

			Two-hundred (200) fresh eggs were picked randomly from hundred (100) chickens aged 20 weeks to measure the physical egg quality traits. The eggs collected were taken to the laboratory to measure the physical egg characteristics. 

			Egg quality traits measurements

			Egg weight (EW) and internal and external egg characteristics, including egg volume (EV), yolk/ albumen (Y/A), egg length (EL), shell weight (SW), eggshell index (ESI), yolk weight (YW), egg width (EWD), albumen weight (AW), unit surface shell weight (USSW), shell surface area (SSA), shell ratio (SR), albumen ratio (AR), yolk ratio (YR), were measured in the study. Internal and external egg characteristics were taken, as explained by Kgwatalala et al. (2013). In short, egg size and shell weight were measured with a weighing scale (Medidata®), whereas egg width and length were measured using a Vernier calliper (Mitutoyo®). Each egg was cautiously cracked out, with caution taken not to break down the membranes that enclose the albumen and the yolk. Albumen and yolk were then separated with an egg yolk separator, and the yolk weight was assessed with a weighing scale. Other internal and external egg characteristics involving albumen weight, shell surface area, unit shell surface weight, egg shell index and shell ratio were determined, as demonstrated by Markos et al. (2017).

			Statistical analysis

			The Statistical Package for Social Sciences version 27.0 (IBM SPSS, 2020) was used for data analysis. Descriptive statistics were computed for all the traits. The association among the traits was computed with Pearson’s Correlation. Stepwise regression was employed to establish the models for the estimation of egg weight from egg characteristics following the equation below.

			Y = a + b1X1 +……. + bnXn

			Where; Y= dependent variable (EW), a= intercept, b1 – b9 = coefficient of regression, and X1 – X9 = independent variables (egg quality traits).

			The models’ accuracies were assessed by the determination coefficients (R2) and residual mean squared error (RMSE). Finally, the goodness of fit criteria was done to check the best model in this study. The following criteria were employed:

			[image: ]

			Where; R2= coefficient of determination; SST = is the total sum of square; SSE= is the residual sum of square; RMSE = is the residual mean square error; N= is the number of observations; P= is the number of parameters in the regression equation; AIC= is the Akaike information criterion; BIC= is the Bayesian information criterion; Ln = is the natural logarithm in calculator. 

			RESULTS and Discussion

			Descriptive statistics

			The summary of the measured traits is displayed in Table 1. The egg weight ranged from 55.84g to 78.30g, while measured egg quality traits ranged between 0.08 to 0.15.

			Table 1: Descriptive statistics for egg weight and egg quality traits of the Lohmann brown chicken breed.

			
				
					
					
					
					
				
				
					
							
							Traits

						
							
							Mean ± SE

						
							
							Maximum

						
							
							Minimum

						
					

					
							
							EW (g)

						
							
							65.67 ± 0.36

						
							
							78.30

						
							
							55.84

						
					

					
							
							EL (mm)

						
							
							57.69 ± 0.18

						
							
							63.38

						
							
							50.63

						
					

					
							
							EWD (mm)

						
							
							44.71 ± 0.09

						
							
							47.45

						
							
							42.19

						
					

					
							
							SW (g)

						
							
							9.32 ± 0.07

						
							
							14.82

						
							
							7.69

						
					

					
							
							YW (g)

						
							
							17.30 ± 0.09

						
							
							20.05

						
							
							12.86

						
					

					
							
							AW (g)

						
							
							39.05 ± 0.31

						
							
							50.23

						
							
							32.26

						
					

					
							
							ESI (%)

						
							
							77.63 ± 0.25

						
							
							88.46

						
							
							67.78

						
					

					
							
							USSW (g/cm2)

						
							
							1.00 ± 0.00

						
							
							0.15

						
							
							0.08

						
					

					
							
							SSA (cm2)

						
							
							91.70 ± 0.37

						
							
							104.97

						
							
							81.45

						
					

					
							
							SR (%)

						
							
							14.25 ± 0.13

						
							
							22.15

						
							
							10.32

						
					

					
							
							AR (%)

						
							
							59.34 ± 0.20

						
							
							64.80

						
							
							50.92

						
					

					
							
							YR (%)

						
							
							26.41 ± 0.13

						
							
							30.07

						
							
							21.72

						
					

					
							
							Y/A (%)

						
							
							44.72 ± 0.35

						
							
							53.75

						
							
							34.12

						
					

					
							
							EV (cm3)

						
							
							52417.00±38783.20

						
							
							67400.00

						
							
							42300.00

						
					

				
			

			EW: Egg weight, EL: Egg length, EWD: Egg width, SW: Shell weight, YW: Yolk weight, AW: Albumen weight, ESI: Egg shell index, USSW: Unit surface shell weight, SSA: Shell surface area, SR: Shell ratio, AR: Albumen ratio, YR: Yolk ratio, Y/A: Yolk/ albumen, EV: Egg volume, SE: Standard error.

			Correlation between measured traits

			The relationship between EW and egg characteristics is obtainable in Table 2. The outcomes revealed that EW had a highly positive remarkable association (P < 0.01) with EL, YW, EWD, AW, SSA, AR, and EV. The discoveries further revealed that EW had a negatively remarkable relationship (P < 0.05) with ESI, SR, YR and Y/A, and no association (P > 0.05) between EW and SW and USSW.

			Stepwise regression models

			The stepwise regression technique was used for the establishment of regression models for the estimation of BW in the Lohmann Brown chicken breed, and the regression models are displayed in Table 3. The four goodness of fit criteria, including the R2, RMSE, AIC and BIC, were employed to pick the good model. The models were formed with EW as a dependent trait and egg quality traits namely, EV, AW, SSA, EWD, EL, YW and AR, as independent variables. The outcomes displayed that the established models were significant at P < 0.01. The first entered egg quality trait was EV, which made a contribution of 86% to the variation of EW, with high RMSE, AIC and BIC. The second trait entered into the model was AW, and the model explained 96% of the variation of EW. The third trait included in the model was SSA, and the findings showed a contribution of 96% to the variation of EW, while EWD was added as the fourth trait and the findings showed a contribution of 97% to the variation of EW. Furthermore, the following trait entered was the EL and the outcomes displayed a contribution of 97% to the variation of EW, while the sixth model showed that the addition of YW explained 98% of the variation of EW. The last trait entered was AR and the results revealed a contribution of 99% to the variation of EW and a lower RMSE and AIC, with a BIC of 37.26.

			Table 2: Correlation coefficients between internal and external egg quality traits of the Lohmann Brown chicken breed

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Traits

						
							
							EW

						
							
							EL

						
							
							EWD

						
							
							SW

						
							
							YW

						
							
							AW

						
							
							ESI

						
							
							USSW

						
							
							SSA

						
							
							SR

						
							
							AR

						
							
							YR

						
							
							Y/A

						
							
							EV

						
					

					
							
							EW (g)

						
							
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							EL (mm)

						
							
							0.74**

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							EWD (mm)

						
							
							0.76**

						
							
							0.25

						
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							SW (g)

						
							
							0.20

						
							
							0.12

						
							
							0.10

						
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							YW (g)

						
							
							0.60**

						
							
							0.51**

						
							
							0.50**

						
							
							0.15

						
							
							
							
							
							
							
							
							
							
							
					

					
							
							AW (g)

						
							
							0.93**

						
							
							0.67**

						
							
							0.72**

						
							
							-0.10

						
							
							0.34*

						
							
							
							
							
							
							
							
							
							
					

					
							
							ESI (mm)

						
							
							-0.30*

						
							
							-0.81**

						
							
							0.40*

						
							
							-0.10

						
							
							-0.21

						
							
							-0.22

						
							
							
							
							
							
							
							
							
					

					
							
							USSW (g/cm2)

						
							
							-0.29

						
							
							-0.23

						
							
							-0.26

						
							
							0.83**

						
							
							-0.07

						
							
							-0.51**

						
							
							0.10

						
							
							
							
							
							
							
							
					

					
							
							SSA (cm2)

						
							
							0.94**

						
							
							0.68**

						
							
							0.70**

						
							
							0.30*

						
							
							0.54**

						
							
							0.90**

						
							
							-0.24

						
							
							-0.30*

						
							
							
							
							
							
							
					

					
							
							SR (%)

						
							
							-0.44*

						
							
							-0.35*

						
							
							-0.41*

						
							
							0.80**

						
							
							-0.23

						
							
							-0.63**

						
							
							0.10

						
							
							0.95**

						
							
							-0.36*

						
							
							
							
							
							
					

					
							
							AR (%)

						
							
							0.56**

						
							
							0.37*

						
							
							0.45*

						
							
							-0.50**

						
							
							-0.16

						
							
							0.81**

						
							
							-0.08

						
							
							-0.75**

						
							
							0.50**

						
							
							-0.78**

						
							
							
							
							
					

					
							
							YR (%)

						
							
							-0.43*

						
							
							-0.24

						
							
							-0.30*

						
							
							-0.03

						
							
							0.47*

						
							
							-0.63**

						
							
							0.04

						
							
							0.24

						
							
							-0.41*

						
							
							0.24

						
							
							-0.80**

						
							
							
							
					

					
							
							Y/A (%)

						
							
							-0.50**

						
							
							-0.30*

						
							
							-0.38*

						
							
							0.20

						
							
							0.36*

						
							
							-0.74**

						
							
							0.07

						
							
							0.48*

						
							
							-0.46*

						
							
							0.50**

						
							
							-0.93**

						
							
							0.96**

						
							
							
					

					
							
							EV (cm3)

						
							
							0.93**

						
							
							0.63**

						
							
							0.91**

						
							
							0.10

						
							
							0.59**

						
							
							0.88**

						
							
							-0.07

						
							
							-0.30*

						
							
							0.84**

						
							
							0.48*

						
							
							0.53**

						
							
							-0.36*

						
							
							-0.44*

						
							
					

				
			

			* Correlation significant (P < 0.05) and **correlation significant (P < 0.01), EW: Egg weight, EL: Egg length, EWD: Egg width, SW: Shell weight, YW: Yolk weight, AW: Albumen weight, ESI: Egg shape index, USSW: Unit surface shell weight, SSA: Shell surface area, SR: Shell ratio, AR: Albumen ratio, YR: Yolk ratio, Y/A: Yolk/ albumen, EV: Egg volume.

			Table 3: Regression models, coefficient of determination (R2) and residual mean square error (RMSE) for prediction of EW in Lohmann Brown chicken breed.

			
				
					
					
					
					
					
					
				
				
					
							
							Models

						
							
							R2

						
							
							RMSE

						
							
							AIC

						
							
							BIC

						
							
							P value

						
					

					
							
							EW=19.85+8.74EV

						
							
							0.86

						
							
							3.67

						
							
							21.24

						
							
							24.54

						
							
							0.00

						
					

					
							
							EW=18.77+4.29EV+0.63AW

						
							
							0.93

						
							
							1.91

						
							
							13.98

						
							
							20.57

						
							
							0.00

						
					

					
							
							EW=-0.17+2.91EV+0.38AW+0.39SSA

						
							
							0.96

						
							
							1.00

						
							
							11.20

						
							
							21.10

						
							
							0.00

						
					

					
							
							EW=31.64+5.37EV+0.33AW+0.36SSA-0.89EWD

						
							
							0.97

						
							
							0.82

						
							
							12.24

						
							
							25.43

						
							
							0.00

						
					

					
							
							EW=100.47+9.67EV+0.31AW+0.38SSA-2.43EWD-0.41EL

						
							
							0.97

						
							
							0.82

						
							
							14.19

						
							
							30.68

						
							
							0.00

						
					

					
							
							EW=179.36+1.28EV+0.53AW+0.32SSA-4.15EWD-0.99EL+0.67YW

						
							
							0.98

						
							
							0.53

						
							
							14.69

						
							
							34.48

						
							
							0.00

						
					

					
							
							EW=-9.17-3.95EV+1.51AW+0.03SSA+1.46EWD+0.40EL+0.06YW-0.95AR

						
							
							0.99

						
							
							0.03

						
							
							14.17

						
							
							37.26

						
							
							0.00

						
					

				
			

			EW: Egg weight, EL: Egg length, EWD: Egg width, SW: Shell weight, YW: Yolk weight, AW: Albumen weight, ESI: Egg shape index, USSW: Unit surface shell weight, SSA: Shell surface area, SR: Shell ratio, AR: Albumen ratio, YR: Yolk ratio, Y/A: Yolk/ albumen, EV: Egg volume, (AIC) Akaike information criterion, and BIC: Bayesian information criterion.

			According to Liswaniso et al. (2021), egg characteristics are the best estimators of egg size in chickens. The study was carried out to establish the good fit model for the prediction of egg size. Pearson’s correlation was employed first to evaluate the relationship between egg size and egg characteristics in the Lohmann Brown chicken breed. The outcomes disclosed that egg size had a positively highly remarkable relationship with egg width, egg volume, egg length, shell surface area, yolk weight, albumen weight and albumen ratio. The results further displayed a negative remarkable association among egg weight and shell ratio, yolk ratio, eggshell index and yolk/albumen. The outcomes of the study are in harmony with the outcomes of the previous study on Isa Brown egg layer chickens in Nigeria, French broiler Guinea fowl and in indigenous Sakini chicken (Ukwu et al., 2017; Dzungwe et al., 2018; Saroj et al., 2020), who found that egg weight had a remarkable association with egg width, shell surface area, albumen weight, albumen ratio, yolk weight, egg volume and egg length. Monira et al. (2003) reported that the best estimators of egg size are egg width and length in comparison to eggshell index in White Leghorn, White Rock layers, Barred Plymouth Rock and Rhode Island Red, which agrees with the results of this study. The outcomes of this study suggest that enhancement of egg length, yolk weight, albumen weight, egg width, albumen ratio, shell surface area and egg volume might improve egg size in the Lohmann Brown chicken breed. According to Hlokoe et al. (2022), once traits are positively related, it implies that they are regulated by a similar gene.

			Pearson’s correlation technique only displays the association between the traits and not the contribution of each trait to the variation of the dependent variable (Tadele et al., 2018). The stepwise regression technique was further employed to construct the models to be used for the estimation of egg weight in the Lohmann Brown chicken breed, where egg weight was used as a dependent variable and egg characteristics involving egg length, egg volume, yolk weight, egg width, albumen weight, albumen ratio, shell surface area, eggshell index, yolk ratio, shell ratio and yolk/albumen as independent variables. The best fit model for the prediction of egg size was determined by RMSE, R2, AIC and BIC. Regression findings displayed that egg volume alone made the smallest contribution to the variation of egg weight in the Lohmann Brown chicken breed. The results further revealed that the model, including egg volume, albumen weight, shell surface area, egg width, yolk weight, egg length and albumen ratio had the greatest coefficient of determination, least residual mean square error and Akaike information criterion, thus, it was selected as the good fit model for prediction of egg size in the Lohmann Brown chicken breed. The study outcomes are in harmony with the discoveries of the previous study on the Potchefstroom Koekoek chicken genotype (Hlokoe and Tyasi, 2021). The study outcomes recommend that egg weight might be estimated precisely with more egg characteristics. Hence, egg volume, albumen weight, shell surface area, egg width, yolk weight, egg length and albumen ratio might be selected together for the estimation of egg weight in the Lohmann Brown chicken breed. The results also showed that 99% of the differences in egg weight was explained by one model. Celik et al. (2017) found that the egg characteristics that influence egg size are albumen weight, shell weight and yolk weight in quail. More studies are required to investigate the good fit equations for predicting egg size in other chicken breeds and the additional sample size of the Lohmann Brown chicken breed.

			CONCLUSIONS and Recommendations

			The association outcomes revealed a correlation between egg size and egg characteristics involving egg length, yolk weight, albumen weight, egg width, albumen ratio, shell surface area and egg volume in the Lohmann Brown chicken breed. Therefore, improving egg length, yolk weight, egg width, albumen weight, shell surface area, albumen ratio and egg volume might enhance egg weight in the Lohmann Brown chicken breed. The stepwise regression findings revealed that the model, including egg volume, albumen weight, shell surface area, egg width, yolk weight, egg length and albumen ratio had the highest R2, lowest RMSE and AIC, therefore, it was selected as the good fit model for predicting egg size in the Lohmann Brown chicken breed.

			 

			Novelty Statement 

			This study revealed that the stepwise linear regression model might be useful for the prediction of egg weight using some egg quality traits. 
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Predicting Egg Weight from Egg Quality Traits of the Lohmann Brown
Chicken Breed Using Stepwise Regression

TuoseLA Louis Tyasi*, LEBo NGORIMA, VICTORIA RANKOTSANE HLOKOE
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Abstract | The best-fitted regression model determined using R?, RMSE, AIC and BIC can result in the egg quality
traits that can best predict egg weight in chickens. The study aimed to develop a model that can be employed to
estimate egg weight from egg quality traits with stepwise regression in the Lohmann brown chicken breed. The
study was conducted at Kitamu farm in Ntsima village in Limpopo Province, South Africa. The Pearson’s correlation
findings displayed that egg weight (EW) had a highly positive remarkable association (P < 0.01) with egg length (EL),
yolk weight (YW), egg width (EWD), albumen weight (AW), shell surface area (SSA), albumen ratio (AR) and egg
volume (EV), and a highly negative remarkable relationship (P < 0.01) with Y/A. Stepwise results revealed that the
model, including EV, AW, SSA, EWD, EL, YW and AR, is the best-fitted regression model (R? = 0.99, RMSE = 0.03,
AIC = 14.17, BIC = 37.26) for estimation of egg weight in the Lohmann brown chicken breed. The study concludes
that the improvement of EWD, YW, SSA, AW, AR, EV and EL might enhance the egg weight of the Lohmann
chicken breed. The EV, AW, SSA, EWD, EL, YW and AR may be chosen when breeding for enhancement of egg
weight in the Lohmann brown chicken. The study outcomes may assist farmers in the egg quality traits to consider
during breeding to improve the egg weight of the Lohmann Brown chicken breed.
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INTRODUCTION

he Lohmann Brown chicken breed is a cross between

lines of Rhode Island Red and White Rock breeds,
with a high yield of eggs and a friendly temperament;
it is mainly bred for egg production but can be used for
meat purposes (Tutkun ef a/., 2018). Eggs are reservoirs
of nutrition for embryos that are still developing and are
also a source of protein for human beings (Liswaniso ef
al., 2021). An egg is a vital source of animal protein in
the world and with an increasing human population, the

demand for eggs is high (Raphulu ¢z 4/, 2015). Hence,

there is always a need for improvement in egg production
in chickens to meet the demand by consumers. Stepwise
regression is used to detect the most influencing variable
(Smith, 2018). Stepwise regression analysis is the most
widely used method for selecting a suitable regression
equation (Landau and Everitt, 2017). Previous studies
showed the importance of internal and external egg traits
as estimators of egg size during the breeding of different
Japanese quail strains, Isa Brown egg layer chickens in
Nigeria and South-eastern Nigeria local chicken (Adeolu
and Oleforuh-Okoleh, 2011; Chimezie ¢ al., 2017; Ukwu
et al.,, 2017). Liswaniso ef al. (2021) also conducted a study
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