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Abstract: This study used multiple regression analysis to estimate the relationships between duck egg albumen index and external
quality traits of eggs. Egg albumen index was selected as the dependent variable, and egg weight, width, length, shape index and Haugh
unit were determined as independent variables. In the multiple regression analysis, it was determined that the overall fit of the model
was quite high, but there were multicollinearity problem among the independent variables. In order to solve this problem, Ridge
regression method, which is widely used in the literature, was applied. In order to determine the albumen index, egg weight (X1), width
(X1), length (Xs), shape index (X4) and Haugh unit (Xs) variables were used, R = +18.2029 + 0.1362X, — 0.5736X, — 0.1596X; +
0.0262X, + 0.1921X; + &. The regression equation was obtained and found to be statistically significant (P<0.05). The model's fit was
determined as R2=0.901, and Ridge regression method reduced the standard errors of the parameters, reduced the errors caused by
multicollinearity problem and increased the accuracy of the model. The results show that Ridge regression method effectively solves
the problem of multicollinearity and increases the accuracy of prediction, making it more reliable. This also reveals that Ridge
regression method can be used effectively in poultry breeding and selection studies.
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duck eggs. Quality analyses of eggs allow producers to
obtain more efficient and high-quality products, while
also ensuring that products that meet consumers
expectations are offered to the market.

1. Introduction

In recent years, duck egg production has shown a
remarkable increase in both nutritional value and
commercial value. Duck eggs are preferred for their high

nutritional content and different gastronomic uses. In
particular, the internal quality characteristics of duck
eggs are among the elements that producers and
consumers care about. Egg albumen index, as one of the
internal quality characteristics of duck eggs, stands out as
a critical parameter in determining whether the egg is
fresh, its nutritional value and durability (Xu et al,, 2021;
Tuncer and Kiling, 2019). In addition, the external quality
characteristics of duck eggs are also of great commercial
importance. External quality parameters such as egg
shell color, shape and thickness are important factors
affecting consumer preferences as well as market value
(Zhao et al, 2020). The factors affecting duck egg
production, as in other poultry animals, include many
variables such as nutrition, structure,
environmental conditions and breeding methods (Giiler
and Erol, 2018). Each of these factors directly affects the
internal and external quality parameters of eggs and

genetic

therefore plays a decisive role in the market value of

Modeling of factors affecting the quality parameters of
eggs is usually done using statistical methods. Multiple
regression analysis is a widely used method for such
studies and is an effective approach to model the
relationship between independent
dependent variables (Chen et al., 2019). However, when
there are high correlations between independent
variables, classical multiple linear regression analyses
may lose their accuracy. Ridge regression method offers
an important alternative to increase the reliability of the
model for such cases. Ridge regression method adds a
penalty term to the parameters of the model to solve
multicollinearity problem, making the estimates more
stable and reliable (Hoerl and Kennard, 1970; Liu and
Zhang, 2022).

The aim of this study is to model the relationship
between duck egg albumen index and external quality
traits of the egg and to compare this relationship with the

variables and

LSM (least square method) and Ridge regression method.
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Since the LSM (least square method) is sensitive to
multicollinearity problem, it is aimed to obtain more
accurate and reliable estimates with Ridge regression
method and to show that Ridge regression method is an
effective method in the evaluation of duck egg quality.

2. Materials and Methods

In this study, 47 breeding eggs obtained from one-year-
old Star-53 French-Peking duck flock were used. Egg
quality analyses were performed in the Poultry
Laboratory of the Animal Science Department of the
Faculty of Agriculture of Cukurova University. The width
and length of the eggs were measured with a digital
caliper (+ 0.01 mm). Egg weight was determined using an
electronic scale with a sensitivity of 0.01 g. The eggs were
broken one by one on a glass breaking bench and the
dimensions of the yolk and albumen (height, width and
length) were recorded using a digital caliper (+ 0.01
mm). The egg albumen and yolk were collected in a
separate petri dish and weighed using an electronic scale
with a sensitivity of 0.01 g. The obtained data were used
in the formulas (equations 1-3) below to calculate the
shape index, albumen index and haugh unit values
(Yannakopoulos and Tserveni-Gousi 1986; Kaya ve
Aktan, 2011; Olawumi ve Chiristiana, 2017).

Shape Index =(Egg Width (mm))/(Egg Length
(mm))x100

Albumen Index =(Albumen heigth

(mm))/(Average of Albumen Width and Length (2)
(mm))x100

Haugh unit= 100 log (Albumen Height +7.57-1.7x  (3)
Egg Weight 0.37)

(1)

In the study, an estimated model was established by
determining one dependent (egg albumen index) and five
independent (egg weight, width, length, shape index and
Haugh unit) variables. In order to decide to what extent
this model is compatible, a detailed examination of
multiple regression analysis was performed with the help
of SPSS 26 statistical package program, which is widely
used in the literature.

In multiple regression analysis, there are various
assumptions to determine the fit criterion of the model.
One of these assumptions is that the independent
variables are independent of each other, in other words,
there is no relationship between the independent
variables. If this assumption is not met, the problem of
multicollinearity arises (Maxwell, 2000; Montgomery et
al, 2001). The most commonly used methods for
determining the problem of multicollinearity can be
listed as follows. Simple correlation coefficient: If the
relationship between explanatory variables (r=075) is
large, the existence of multicollinearity problem should
be suspected. VIF (variance increasing factor): It is a
method used to determine the multicollinearity problem.
It can be calculated with the help of the formula below
(equation 4).

VIF: Ci; I (4)
Here Rij represents partial correlation. If the VIF
(variance 1ncreasing factor) value Cij = 10, a
multicollinearity problem occurs (Albayrak, 2005).

TV (tolerance value): It is found by subtracting the
coefficient of determination from 1 (TV=1-R2?). As a
result, a smaller TV (tolerance value) causes a larger VIF
(variance 1ncreasing factor) value. Therefore, a small
TV(tolerance value) suggests that multicollinearity
problem may exist (Albayrak, 2005).

Since it is not known exactly which of these methods is
better, it is useful to consider the whole in determining
the multicollinearity problem.

There are various suggestions in the literature to
eliminate the multicollinearity problem (expelling the
variable from the model, combining related variables,
adding variables to the model, principal components and
Ridge regression method, etc). However, Ridge
regression method, which is the most widely and reliably
used in the literature, is recommended (Albayrak, 2005).
Ridge regression method, developed by Hoerl and
Kennard (1970), is a more powerful
developed for situations where the classical LSM (least
squares method) is ineffective when faced with a

alternative

multicollinearity problem. Ridge regression method is
based on the basic principles of the LSM (least squares
method), but adds a small bias constant, the Ridge
parameter (k), to the diagonal values of the variance and
covariance matrix. Thanks to this addition, the model's
estimation variances are reduced, while at the same time
the estimations become slightly biased. As a result, Ridge
regression method can produce two different results,
such as unbiased estimates with high variance or biased
estimates with low variance. This balance is generally a
preferred method to increase the overall accuracy of the
model (Albayrak, 2005). In order to determine the initial
parameter k and the variance lag length in the
appropriate model in Ridge regression method, the point
at which the regression becomes stationary can be
determined with ADF (augmetted Dickey Fuller) unit
root tests, and the appropriate model variance lag length
can be determined with the help of the VAR (vector auto
regressive) model.

ADF(augmetted Dickey Fuller) unit root tests: A
statistical test used to test whether time series data is
stationary. A stationary time series is a series whose
statistical properties (mean, variance) do not change
over time. The ADF (augmetted Dickey Fuller) unit root
tests whether the series contains a unit root. If there is a
unit root, the time series is not stationary (there is a
trend or tendency in the series). If there is no unit root,
the time stationary. The mathematical
expression of this model can be expressed as follows

series is

(equation 5).

BS] Agri / Kadriye KURSUN and ismail GOK

526



Black Sea Journal of Agriculture

p
Ay =a+f+yYe—1+ Z 8iAY,_; + & (5)
i=1
Here,
Yt= Time series data,
AY't = Time series change,
a = Constant term,
B = Trend coefficient,
y = Unit root coefficient,
6_i= Lagged values coefficients,
p: Lag length,
e_t= Error term,
(Dickey Fuller, 1979).
VAR (vector auto regressive) model: In econometric
studies, when the relationships between independent
variables are multi-sided and complex, it is often
necessary to use simultaneous equation systems. In such
systems, it is important to consider the interaction of
each variable with other variables. One of the methods
widely used in solving simultaneous equations is the VAR
(vector auto regressive) model. The VAR (vector auto
regressive) model allows modeling in time series
analyses using the past values of each endogenous
variable together with all other endogenous variables.
The mathematical expression of this model can be shown
as an equation with a lag length of p as follows (equation
6).

Ve =A1Ye-1+ -+ ApYe-1+ By, + & (6)

Here, y_t px1 dimensional value vector, xt dx1
dimensional variables, A p pxp
dimensional parameter matrices and the error terms
vector (Johansen, 1995).

In the research, it was determined that there was a
multicollinearity problem in the estimated model
established with the help of simple correlation
coefficient, VIF (variances increasing factor) and TV
(tolerance value). It was aimed to eliminate this problem
with the help of Ridge regression method, which is
widely used in the literature.

deterministic

3. Results and Discussion

In the data set obtained for the purpose of determining
the internal and external quality of eggs, firstly, egg
albumen and yolk index, albumen and yolk weights were
tested in determining the dependent variables, the most
appropriate R2 (R2 > 0.75) was found to be appropriate,
and the hypothesis and
determined as follows (equation 7).

Ho: There is no relationship between egg albumen index
and external egg quality characteristics.

Hi: There is a relationship between egg albumen index
and external egg quality characteristics.

estimated model were

R =By + B1X1 + BoXz + BsXs + BaXy + BsXs

+é (7)

R= Egg albumen index

X1 = Egg weight

X2 = Egg width

X3= Egg length

X4= Shape index

Xs= Haugh unit

Afterwards, the multiple regression equation obtained by
the LSM (least squares method) determined that the
linear relationship between the egg albumen index and
external quality characteristics was very strong at 98 %.
This finding reveals that the changes in the albumen
index are largely explained by the egg external quality
characteristics. However, this strong relationship also
brings up the problem of multicollinearity, and reveals
that the Ho hypothesis is rejected and the regression
relationships are statistically significant (P<0.01). This
reported that the model is significant and the probability
of the obtained results being random is low. In addition,
while the parameter estimates and the significance levels
of these parameters are given in Tables 1 and 2, the VIF
(variances increasing factor) and TV (tolerance value)
are given in Table 3 in order to determine the
relationship between the independent variables and the
risks of multicollinearity problem, and the distribution
graphs of each independent variable are given in Figures
1,2,3,4 and 5.

When Figures 1, 2, 3, 4 and 5 are examined, it is
determined that the data are linear because the
independent variables in the obtained data set (egg
weight, width, length, shape index and Haugh unit) are
moving around a certain line.

When Table 1 is examined, only the coefficients
Bo, Bave Bs are found to be significant (P<0.05).

In Table 2, the relationship between the independent
variables is examined and it is observed that the VIF
(variances increasing factor) value are high. While the
VIF (variances increasing factor) value of the egg length,
shape index and width values are high, the TV (tolerance
value) of these variables are found to be low. The high
VIF (variances increasing factor) value (VIF=10) indicate
the existence of a multicollinearity problem in the
estimated model. In order to determine this problem
precisely (equation 8);

vir, Gy — (8)
with the help of the formula,
VIF, where Albumen index is the dependent variable

(equation 9),

1 1

¢ =T"098~ 002

50 )

has been calculated.

In the estimated model where the egg albumen index is
the dependent variable, it was determined that there was
a multicollinearity problem
(Cij =10) was met. For this purpose, in order to

since the condition

determine the appropriate lag length, the data set was
first stabilized with ADF(augmetted Dickey Fuller) unit
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root tests using the Eviews package program, and then VAR (vector auto regressive) model in the estimated
the appropriate lag number was determined with the model. Tables 3 and 4 are given.

Table 1. Parameter estimate and significance level of the multiple regression equation obtained by the LSM(least
squares method)

Regression Coefficient Std. Error of the Estimate t P
) -207.778 80.870 -2.569 0.014
) 2.193 1.703 1.288 0.205
2.065 1.199 1.723 0.092
. 0.832 1.132 0.735 0.467
) -0.221 0.071 -3.110 0.003
1.051 0.352 2.983 0.005

Table 2. The relationship between the independent variables of the multiple regression equation obtained by the LSM
(least squares method), VIF(variance increasing factor) and TV (tolerance value)

Correlation Matrix

E E E Sh Haugh
Variables &6 88 &6 ape aug v VIF
Weight Width Length Index Unit
Egg Weight 1 0.03 27.58
Egg Width 0.879™ 1 0.008 131.82
Egg Length 0.849* 0.554™ 1 0.002 417.46
Shape Index -0.416™ 0.019™ -0.820™ 1 0.004 274.15
Haugh Unit 0.102 0.263 -0.053 0.236 1 0.847 1.18
Egg weight distribution graph Egg length distribution graph
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Figure 1. Egg weight distribution graph. Figure 3. Egg length distribution graph.
Egg width distribution graph Shape index distribution graph
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Figure 2. Egg width distribution graph. Figure 4. Shape index distribution graph.
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When Tables 3 and 4 are examined, it is determined that
the smallest value in terms of all comparison criteria
except SC is the 5th lag value and the series are first
degree stationary. In other words, it is determined that

statistically significant or not is given in Table 6, and the
parameter estimate, significance level, VIF (variances
increasing factor) and TV (tolerance value) are given in
Table 7.

the effect of egg external quality characteristics on the
albumen index is zero starting from the 5th lag length in
the established estimated model. Thus, the Ridge 100
regression method found in the literature was used to

Haugh unit distribution graph

eliminate the multicollinearity problem that emerged in L
the established estimated model, and in the Ridge 60

regression method, the initial k constant value was taken
as 1 since it is first degree stationary, and in the VIF 20
(variances increasing factor) value calculation, the 20
appropriate lag length was taken as 5. In the multiple
regression equation obtained with the Ridge regression 0 5 18 20 2% 30 3% a0 48
method, the linear relationship between egg albumen
index and external quality characteristics was re- Figure 5. Haugh unit distribution graph.

examined, and it is given in Table 5, whether it is

Table 3. ADF (augmetted Dickey Fuller) unit root tests result

o Level First Difference

ADF-t statistics t- statistics Probability (p) t- statistics Probability (p)
Fffeilbume“ -5.6947 0.076 83776 0.001

Egg Weight -2.1827 0.215 -7.4858 0.000

Egg Width -2.2754 0.184 -6.8553 0.000

Egg Length -2.3711 0.155 -7.6134 0.000
Shape Index -5.8766 0.043 -6.9410 0.000
Haugh Unit -5.6947 0.076 -8.3776 0.000
Table 4. VAR (vector auto regressive) model lag length result

Lag LogL LR FPE AIC SC HQ
0 -466.26 NA 407.51 23.03 23.28 23.12
1 -395.07 118.07 74.71 21.32 23.07 21.95
2 -368.36 36.47 131.95 21.77 25.03 22.96
3 -321.53 50.26 107.44 21.24 26.44 22.98
4 -290.01 24.59 276.53 21.46 27.73 23.74
5 -191.15 48.22 62.93 18.39 26.17 21.22

LR= sequential modified LR test statistic (each test at 5% level) FPE= Final prediction error, AIC= Akaike information criterion, SC=
Schwarz information criterion, HQ= Hannan-Quinn information criterion.

Table 5. Goodness of fit and standard error values of the multiple regression equation obtained by the Ridge regression
method

Std. Error of the Estimate
0.1003

R R Square Adjusted R Square

0.88 0.90 0.91

Table 6. Variance analysis value of the multiple regression equation obtained from Ridge regression method

Sum of Squares df Mean Square F Sig.
Regression 161.4982 5 32.2996 82.3397 0.000
Residual 16.0831 41 0.3922
Total 177.5813 46
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Table 7. Parameter estimates, VIF (variances increasing factor) and TV (tolerance value) of the multiple regression

equation obtained by the Ridge regression method

Regression Coefficient Std. Error of the Estimate VIF TV
8o 18.2029 - - -
E-I 0.1362 0.0485 1.2082 0.3638
8, -0.5736 0.2322 1.5240 0.7649
B’; -0.1596 0.1125 1.4120 0.2427
B, 0.0262 0.0984 1.5049 0.3616
B’E 0.1921 0.0099 1.1405 0.8740

When Tables 5, 6 and 7 are examined, it is seen that there
are significant differences between the parameters
obtained from Ridge regression method and the LSM
(least squares method). Ridge regression method, thanks
to the penalty term added to the parameters, significantly
reduces the standard errors of these parameters by
limiting the size of the parameters. This increases the
estimation accuracy of the model and provides more
reliable results. In the LSM (least squares method),
problems multicollinearity problem and
overfitting may cause the standard errors of the
parameters to increase. However, Ridge regression

such as

method effectively eliminates these problems and
provides a more robust and reliable model. As a result,
Ridge regression method has reduced the standard
errors of the parameters and provided a more accurate
and reliable regression model, and the estimated model
is as follows (equation 10).

R = 182029 + 0.1362X, — 0.5736X, — 0.1596X,

- S : (10)
+0.0262X, + 0.1921X5 + é

In the regression analysis results obtained with the LSM
(least squares method) in Table 1, the regression
parameters of the majority of the estimation equation
(except for By, Bsand Bs ) are insignificant (P>0.05). In
addition, the standard error of the B, parameter is very
high compared to the others, and these results are in
accordance with the study of Akgcay and Sariézkan
(2015).

When the relationship between the independent
variables in Table 2 is examined, it is determined that
there is a significant relationship between egg weight and
egg length (88 %) and width (84 %). These results are
similar to the reports of Akbas et al, (1996), Kul and
Seker (2004), Gok et al,, (2023).

Ridge regression method, which is frequently used in the
literature, was preferred in order to prevent the
multicollinearity problem detected in the estimated
model in Tables 3 and 4. In the ridge regression analysis,
the initially used k value was determined as 1 in
accordance with literature recommendations, and the lag
length was calculating the
VIF(variances increasing factor) value for the variables in
the model. This application is parallel to the findings
obtained in the study conducted by by Gok et al,, (2022),
Gok and Sahin (2023), Gok and Sahin (2023), Gok and

selected as 5 when

Sahin (2024) Gok and S$ahin (2024), Gék and Sahin
(2025).

In Tables 5, 6 and 7, smaller parameter, VIF (variances
increasing factor) (8.33) and TV (tolerance value) were
found than the results obtained in the LSM (least squares
method) in the Ridge regression method conducted to
eliminate the multicollinearity problem. These results are
equivalent to the studies of Albayrak (2005), Topal et al.,
(2010), Ugkardes et al, (2012), Akgay and Saridzkan
(2015), Ciftsiiren (2017), Yalginéz and Sahin (2020),
Tolun et al, (2023), Yavuz et al,, (2023), Cetenak et al,
(2024),Tolun et al,, (2024).

4. Conclusion

In poultry farming, correct model selection is of great
importance in determining egg yield and quality.
Especially in cases where there are multiple linear
correlations in the estimation of albumen index, which is
one of the internal quality traits of eggs, the use of Ridge
regression method as an alternative approach instead of
the LSM (least squares method) provides more reliable
results. This method helps to obtain more consistent and
accurate results by reducing the estimation errors caused
by high correlation between variables. Therefore, this
study reveals that Ridge regression method can be used
more effectively in poultry breeding and selection studies
and emphasizes the points to be considered in model
selection. Such models not only increase productivity, but
also allow for a more accurate assessment of egg quality.
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