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Abstract: In this study, multiple linear regression analysis and principal component regression (PCR) method were used to predict the 

albumen height of Atak-S layer hen eggs. Initially, the effects of independent variables on albumen height were examined through 

multiple linear regression analysis, revealing that egg weight and Haugh unit had statistically significant impacts. Other factors such as 

egg size, shape index, and shell thickness did not have a significant effect. The explanatory power of the model was found to be high, as 

it explained 96 % of the total variation in albumen height. Subsequently, PCR was applied to address issues related to multicollinearity 

problem, and only three principal components (PC1, PC2, and PC3) were included in the model. The effects of these components on 

albumen height were found to be significant, with particular emphasis on the importance of morphological parameters (egg size and 

shell structure) in predicting internal egg quality. The PCR model demonstrated high predictive performance, accurately forecasting 

albumen height. In conclusion, the PCR method used in this study provided a robust model for predicting albumen height and 

highlighted the critical role of morphological characteristics in determining egg quality. Future studies could test the generalizability of 

this model using different hen breeds and larger sample sizes, as well as investigate the effects of environmental factors and feeding 

strategies. 
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1. Introduction 
Egg quality is generally examined under two main 

headings: external quality (weight, shell thickness, shape 

index, etc.) and internal quality (album height, yolk index, 

etc.). Among the internal quality parameters, albumen 

height, in particular, stands out as a reliable biometric 

indicator for determining both freshness and overall 

quality (Silversides and Budgell, 2004). 

Quantitative assessment of egg quality offers significant 

advantages in terms of both increasing production 

efficiency and ensuring consumer confidence. However, 

the high correlation of quality parameters often violates 

the fundamental assumptions of regression analyses and 

raises the issue of multicollinearity problem. This 

structural problem weakens the reliability of the 

estimated model and limits their generalizability 

(Montgomery et al., 2021). Therefore, the need to use not 

only observational but also statistically robust and 

structurally consistent modeling techniques in egg 

quality analyses arises. 

Principal components regression (PCR), one of the 

method proposed to overcome multicollinearity problem, 

is an effective approach that increases predictive power 

by transforming variables through new, independent 

components in high dimensional and correlated data 

structures (Jolliffe and Cadima, 2016). This method both 

maintains explanatory power and strengthens the 

statistical stability of the model in egg quality modeling. 

This study was conducted to evaluate the internal quality 

parameters of eggs obtained from Atak-S hens, a native 

breed specific to Türkiye. Such unique biometric studies, 

which are limited in the literature, contribute to the 

objective assessment of the performance of domestic 

genetic resources and to breeding efforts. In the study, 

multiple linear regression and PCR approaches were 

comparatively examined, especially based on the 

albumen height variable, and comprehensive analyses 

were carried out in the context of the structural 

reliability, explanatory power and generalizability of the 

model. 

 

2. Materials and Methods 

In this study, 221 egg samples obtained from Atak-S layer 

hens were analyzed. Measurements were made using a 

digital caliper with a precision of ±0.01 mm and an 

electronic scale with a precision of 0.01 g, and the 

internal structures of the eggs were examined in detail. 

The measurements obtained were standardized in 

millimeters and grams. To quantitatively assess egg 

quality, the following calculations (Equations 1-4) were 
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made (Yannakopoulos and Tserveni-Gousi, 1986; Kaya 

and Aktan, 2011; Olawumi and Christiana, 2017): 

Shape Index = (Egg Width / Egg Length) × 100 (1) 
 

Album Index = (Album Height / Average of 

Albumen Width and Length) × 100 
(2) 

 

Haugh Unit = 100 × log(Album Height + 7.57 – 1.7 

× Egg Weight ^ 0.37) 
(3) 

 

Shell Thickness = Wide End + Narrow End + 

Middle Section / 3 
(4) 

 

As part of the study, a prediction model was developed 

based on one dependent variable (egg albumen height) 

and seven independent variables (egg weight, width, 

length, shape index, Haugh unit shell weight, and 

thickness). Multiple regression analysis was conducted to 

assess the success and fit of this model, utilizing the SPSS 

26 statistical package. 

Multiple regression analysis is a statistical methods that 

allows a dependent variable to be estimated using 

multiple explanatory variables. The basic equation used 

in this analysis is as given in Equation 5: 
 

Y = β0 + β1X1 + ⋯ + βnXn + ε (5) 
 

In this equation, 

Y; represents the dependent variable, 

β0 represents the constant coefficient, 

β1 − βn represents the regression coefficients,  

X₁–Xn represents the independent variables, and ε 

represents the error term (Üçkardeş et al., 2012). 

To ensure the reliability of the model, it is important to 

examine the level of relationships between explanatory 

variables. A high correlation between explanatory 

variables can lead to the multicollinearity problem 

(Maxwell, 2000; Montgomery et al., 2001). Commonly 

used methods to identify this problem are as follows: 

Correlation coefficient: A correlation between two 

variables of 0.75 or above indicates multicollinearity 

problem. 

Variance Influence Factor (VIF): Measures the 

relationship of each independent variable with the 

others. A VIF value of 10 or above indicates a high risk of 

collinearity. Tolerance Value (TV): Defined as 1 − R², 

small values indicate multicollinearity problem 

(Albayrak, 2005). 

Because each of these methods provides a different 

perspective, using them together to understand the 

presence of multicollinearity problem provides more 

reliable results. Various solutions are proposed in the 

literature to mitigate the of multicollinearity problem 

(e.g., variable extraction, combining correlated variables, 

adding a new variable to the model, PCR, Ridge 

regression, etc.). In this study, the PCR method was 

chosen to solve this problem. 

The PCR method is an effective approach widely used in 

the analysis of multidimensional and highly correlated 

data sets. This methods allows for the analysis of highly 

correlated variables by converting them into a smaller 

number of independent and significant new components. 

This reduces the correlation effect in the data set and 

increases the statistical accuracy of the model, resulting 

in more reliable and consistent predictions. 

First described by Karl Pearson in 1901 and developed 

by Harold Hotelling in the 1930s, principal components 

analysis offers effective solutions, especially in high-

dimensional data sets where multicollinearity problem 

are frequently encountered. The PCR method provides 

both dimensionality reduction and increases the 

reliability of statistical analyses in complex data 

structures where the number of variables is large and 

interrelated (Jolliffe and Cadima, 2016; Abdi and 

Williams, 2010). Thanks to the advantages of this 

methods, it is widely used in many disciplines, including 

animal husbandry, biology, economics, engineering, 

environmental sciences, and health. A review of the 

literature reveals that multicollinearity problem are 

frequently encountered, particularly in studies conducted 

in the field of animal husbandry, and the PCR method has 

been successfully applied to solve these problems. Its 

mathematical formula is as given in Equation 6. 
 

β̂ = W(TTT)−1Tty (6) 
 

here; 

W: The weight matrix used to obtain the principal 

components from the X variables. 

T=XW: The original data is represented with fewer 

dimensions and independent principal components. 

(TTT)−1Tty Calculates the linear relationship 

(regression) between the principal components and y. 

β̂: Converts the coefficients found on the principal 

components to the original X variables (Jolliffe and 

Cadima, 2016).  

 

3. Results and Discussion 

The model equation for the multiple linear regression 

analysis applied to predict the albumen height of Atak-S 

hen eggs is as given in Equation 7: 
 

Ŷ = β̂0 + β̂1X1 + β̂2X2 + β̂3X3 + β̂4X4 + β̂5X5

+ β̂6X6 + β̂7X7 
(7) 

here; 

𝑌̂  = Egg albumen height 

X1 = Egg weight  

X2 = Egg width 

X3= Egg length 

X4= Shape index 

X5= Haugh unit 

X6= Shell weight 

X7= Shell thickness 

In the dataset used for this model, the overall results of 

the multiple linear regression analysis indicated a 

statistically significant probability value (P<0.001). The 

coefficient estimates, standard errors, t-statistics, and 

probability values (P) are presented in Table 1, while the 

correlation coefficient and coefficient of determination 

are provided in Table 2. 
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Table 1. Multiple linear regression coefficients, t-statistics, and P-values 

Variables Regression Coeffıcient (β) Std. Error of the Estimate t P 

AH -28.007 15.93 -1.75 0.08 

EW 0.04 0.01 4.53 <0.001 

EWI -0.53 0.35 -1.52 0.12 

EL 0.38 0.26 1.42 0.15 

SI 0.29 0.20 1.43 0.15 

HU 0.13 0.002 72.57 <0.001 

SW 0.06 0.04 1.35 0.17 

ST -0.001 0.001 -1.19 0.23 

AH: albumen height, EW: egg weight, EWI: egg width, EL: egg length, SI: shape index, HU: Haugh unit, SW: shell weight, ST: shell 

thickness. 

 

Table 2. Correlation and determination coefficients 

obtained by the multiple linear regression method 
 

r R Square Std. Error of theEstimate 

0.98 0.96 0.24 

 

The multiple linear regression analysis conducted 

revealed that the model was statistically significant 

(F=778.76; P<0.001). The determination coefficient, 

which indicates the explanatory power of the model, was 

calculated to be 0.96. This result shows that the 

independent variables explain 96 % of the total variation 

in albumen height. A high determination coefficient value 

indicates that the model has a strong explanatory 

capacity and that the independent variables significantly 

account for the dependent variable. 

According to the analysis findings, egg weight and Haugh 

unit variables had a statistically significant effect on 

albumen height (P<0.05). On the other hand, variables 

such as egg size measurements, shape index, and shell 

thickness did not show a significant effect on albumen 

height (P>0.05). This suggests that some of the variables 

included in the model have a limited effect on albumen 

height. 

The correlation coefficient calculated for the overall fit of 

the model was found to be 0.98. This value indicates a 

strong linear relationship between the independent and 

dependent variables. However, the lack of significance for 

some variables and the high level of correlation between 

the independent variables suggest that caution should be 

exercised regarding the risk of multicollinearity problem. 

The relationships between the independent variables, as 

well as the VIF values and TV, were assessed and are 

presented in Table 3. 

The examination of the correlation coefficients indicates 

a serious issue of multicollinearity problem within the 

model. In particular, the high positive correlation 

between egg weight and egg width (r=0.75) and length 

(r=0.68) demonstrates a significant linear dependency 

between these variables. Such relationships are 

considered one of the main reasons for the regression 

coefficients not being statistically significant. 

The presence of multicollinearity problem in the model 

has been clearly demonstrated at the structural level 

through the VIF values and TV. The VIF values for 

variables such as shape index (VIF=845.62), egg length 

(VIF=787.10), and egg width (VIF=490.86) are 

significantly higher than the threshold value commonly 

accepted in the literature (VIF>10). This indicates that 

there is a high level of shared variance within the model, 

leading to a substantial reduction in the reliability of 

parameter estimates. Additionally, the tolerance 

coefficients for these variables, which are below 0.01, 

further support the existence of this structural problem. 

In this context, to mitigate the effects of multicollinearity 

problem, reduce dimensionality, and improve the 

reliability of the regression coefficients, the PCR method 

was applied. This analysis was conducted using the 

NCSS12 statistical software. The eigenvalues, 

eigenvectors, prediction parameters, standard errors, VIF 

values, and tolerance coefficients for the PCR analysis are 

presented in Tables 4, 5, and 6. 

 

Table 3. Relationship between independent variables, VIF values, and TV 

Correlation Matrix 

Variables EW EWI EL SI HU SW ST TV VIF 

EW 1       0.17 15.73 

EWI 0.75** 1      0.003 490.86 

EL 0.68** 0.34** 1     0.002 787.10 

SI -0.06 0.44** -0.69** 1    0.001 845.62 

HU -0.09**  0.002 -0.11 0.11 1   0.95 1.04 

SW 0.52** 0.36** 0.27** 0.02 -0.11 1  0.38 12.58 

ST 0.13* 0.09 -0.05 0.12 -0.10 0.64** 1 0.50 11.97 

EW: egg weight, EWI: egg width, EL: egg length, SI: shape index, HU: Haugh unit, SW: shell weight, ST: shell thickness. 
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Table 4. Eigenvalues of the correlation matrix obtained by the PCR method 

Eigenvalues of the Correlation Matrix 

PC Eigenvalue Incremental Percent Cumulative Percent 

PC1 2.63 37.69 37.69 

PC2 1.76 25.27 62.96 

PC3 1.29 18.43 81.39 

PC4 0.91 13.13 94.52 

PC5 0.26 3.82 98.34 

PC6 0.11 1.65 99.99 

PC7 0.05 0.01 100 

 

Table 5. Eigenvectors obtained by the PCR method 

Eigenvectors 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 

EW 0.56 -0.05 0.24 0.02 -0.008 0.78 -0.01 

EWI 0.46 0.26 0.45 0.12 0.21 -0.46 -0.48 

EL 0.43 -0.52 0.06 -0.06 0.20 -0.35 0.60 

SI -0.05 0.69 0.28 0.15 -0.03 0.0002 0.63 

HU -0.10 0.07 0.31 -0.93 0.04 0.01 0.001 

SW 0.45 0.20 -0.38 -0.20 -0.71 -0.19 -0.0001 

ST 0.23 0.34 -0.62 -0.18 0.62 0.05 0.003 

EW: egg weight, EWI: egg width, EL: egg length, SI: shape index, HU: Haugh unit, SW: shell weight, ST: shell thickness. 

 

Table 6. Prediction parameters, standard errors, VIF values, and TV obtained by the PCR method 

 Regression Coeffıcient (β) Std. Error of the Estimate t VIF TV 

C -4.94 - - - - 

PC1 0.05 0.01 0.15 1.01 0.99 

PC2 -0.02 0.02 -0.02 1.01 0.99 

PC3 -0.007 0.01 -0.01 1.17 0.85 

PC4 -0.004 0.004 -0.008 1.12 0.89 

PC5 0.13 0.001 0.98 1.01 0.99 

PC6 0.06 0.04 0.02 1.01 0.99 

PC7 -0.001 0.0009 -0.02 1.01 0.99 

 

In the PCR analysis, the eigenvalues of the correlation 

matrix were examined, and it was observed that only the 

first three components had eigenvalues greater than 1. 

This finding indicates that it is appropriate to include 

only PC1, PC2, and PC3 in the model. These three 

components explain 81% of the total variance and 

represent a significant portion of the information 

contained in the dataset. Specifically, PC1 explains 37% 

of the total variance, PC2 explains 25%, and PC3 explains 

18%. 

The content analysis of the components was based on the 

eigenvector loadings. PC1 is strongly associated with 

variables such as egg weight (EW), egg width (EWI), shell 

weight (SW) and egg length (EL). The PC2 component 

shows strong relationships with shape index (SI), egg 

length (EL), shell thickness (ST) and egg width (EWI). 

PC3 is highly correlated with shell thickness (ST), egg 

width (EWI), shell weight (SW), and Haugh unit (HU).  

The VIF values for all components remain well below 2, 

confirming that there are no issues with multicollinearity 

problem. Additionally, the TV further support the 

reliability of the model. 

As a result, the model formed by using only the 

components PC1, PC2, and PC3, which have eigenvalues 

greater than 1 and high statistical significance, will be 

both statistically robust and consistent in terms of 

interpretability. The model formulated with these 

components can be expressed as given in Equation 6. 
 

Y= -4.94+0.05PC1-0.02PC2-0.007PC3 (8) 
 

Upon examining Tables 1 and 2 it was observed that 

most of the parameters in the predicted regression model 

were not statistically significant (P>0.05). This finding is 

consistent with studies conducted by Aktan (2004) and 

Akçay and Sarıözkan (2015) in the literature. 

The data presented in Table 3 reveal important findings 

regarding the relationships between the independent 

variables. The relationship between egg weight and both 

egg length and width was found to be positively 

significant, with correlations of 75% and 68%, 

respectively. Additionally, a negative and significant 

relationship of 69% was observed between egg length 

and shape index (P<0.05). These findings align with the 

studies of Duman et al. (2016), Okur et al. (2018), Uçar 

and Kahya (2020), Vekić et al. (2022), and Kurşun et al. 

(2024). 
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In Tables 4, 5, and 6, the findings related to the PCR 

method, used to address the issue of multicollinearity 

problem, are consistent with the works of Adenaike et al. 

(2015), Shafey et al. (2015), Sarı et al. (2016), Çankaya et 

al. (2019), Tırınk et al. (2020), Kebede et al. (2022), Gök 

and Kurşun (2025), and Kurşun and Gök (2025). 

 

4. Conclusion 

The multiple linear regression analysis and PCR method 

applied in this study to predict the albumen height of 

Atak-S hen eggs demonstrated that the model is robust 

and reliable. Multiple linear regression analysis revealed 

that egg weight and the Haugh unit had significant effects 

on albumen height, while variables such as egg size, 

shape index, and shell thickness did not have a significant 

impact. In the PCR analysis, only the components PC1, 

PC2, and PC3 were included in the model, and the effects 

of these components on albumen height were found to be 

significant. Notably, the relationship between PC1 and 

PC2 with morphological characteristics plays an 

important role in predicting egg albumen height. The 

predicted albumen height value from the model is 

consistent with the sample mean and the confidence 

interval, indicating high predictive accuracy. 

These findings highlight that, in predicting albumen 

height, not only internal quality indicators but also 

morphological parameters such as the egg's physical 

dimensions and shell structure must be considered. 

Future studies can test the generalizability of PCR based 

modeling by applying the method to different chicken 

breeds and larger sample sizes. Furthermore, 

investigating the effects of environmental factors and 

feeding strategies on egg quality could contribute to the 

more effective optimization of production strategies. This 

study provides valuable contributions to the literature in 

terms of both methodological approach and quality 

parameters. 
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