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Abstract

original traits in egg weight estimation.

Introduction

Chicken eggs are an excellent source of protein, with alow ener-
gy content, and are well-balanced in their nutrient content [1]. Egg
quality traits are very important characteristics that influence the
quality, grading and weight of newly hatched chicks; their hatching
performance; and consequently, the economic outcome of the en-
terprise [2-4]. The limited genetic potential of the native chicken
breeds, is the main cause of the poor output performances [5].The
per capita consumption of chicken eggs (kg/person/year) is 0.66
[6]. The need for superior chicken that combines higher produc-
tion and better adaptation has grown recently. The African Chicken
Genetic Gain project is now working in three African nations-Ethi-
opia, Nigeria, and Tanzania- to test imported exotic chicken breeds.
However, performance assessment is crucial to promoting the pro-
duction and dissemination of these breeds on a big scale. So far,

Two exotic chicken breeds, namely Sasso, and White Leghorn were used in this study with the objective to unfold the
interdependence among egg quality traits, and to predict egg weight from their orthogonal egg quality traits using principal
component regression. Traits measured included egg weight (EW), egg length (EL), egg width (EWi), albumen height (AH), yolk
height (YH), albumen weight (AW), yolk weight (YW), yolk colour (YC), and eggshell weight (SW). Traits were measured on eggs
obtained from 633 eggs of Sasso, and 1023 eggs of White Leghorn. Pearson correlations between egg weight and egg quality traits
were positive and highly related (r = 0.614-0.937 in Sasso, and 0.496-0.943 in White Leghorn breeds respectively). In factor solution
of the PCA with varimax rotation of the transformation matrix, three principal components (PCs) were extracted (PC1, PC2 and
PC3) explaining 69.2% (Sasso) and 68.5% (White Leghorn) of the total variation in the original variables. In principal component
regression models, 73% (Sasso) and 69% (White Leghorn) of the variability in egg weight is accounted by the model used. It can
be concluded that the use of principal components’ scores from chickens’ egg quality traits was more appropriate than the use of
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some research studies on egg quality traits of exotic chicken breeds
have been done in Ethiopia [7,8]. However, the data used were of a
small sample size and the evaluation was made using uni(bi)variate
analysis (analysis of variance, and correlations). The mechanisms
underlying egg quality traits are too complex to be explained using
uni(bi)ivariate analysis because, on the one hand, each trait is ex-
amined separately, resulting in significant overlap of results, and,
on the other hand, egg quality traits are biologically related due to
pleiotropy or linkage [9-12]. Consequently, there is a lack of infor-
mation on the use of principal component regression (PCR) to esti-
mate egg weight from egg characteristics. Therefore, the main goal
of this study was to better understand the complex interactions
between the features that determine egg quality and to examine
these relationships using orthogonal conformation traits that were
obtained from PC component scores. The information gathered will
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help with breeding programme development, management, and
conservation.

Materials and Methods
Study Area Location

The study was undertaken at the poultry research farm of Ha-
ramaya University, which is located at an altitude of 1980 meters
above sea level, 4°26’N latitudes and 4203’E longitude. The mean
annual maximum and minimum temperatures are 23.4°C and
8.25°C, respectively and the area has an average annual rainfall of
780 mm.

Experimental Animals and Their Management

Two exotic chicken breeds (i.e., Sasso and White Leghorn) were
used for this study that were reared under similar housing and
feeding management conditions. A total of 1656 eggs (633 from
Sasso, and 1023 from White Leghorn) were used. The chickens pro-
viding the eggs were of the same age (hatched on the same day)
and egg collection occurred when the hens were 21-72 weeks of
age and data on egg quality parameters were recorded on the same
day of collection. The chickens were kept in brooder houses with
incandescent heating lamps for the first eight weeks. Afterwards,
they were reared under the grower house, during the growing pe-
riod and in the layer house of deep litter system during the laying
period. They were offered clean drinking water ad libitum and the
recommended level of feed (i.e., a standard ration of 20% crude
protein (CP) and 2800 Kcal/kg metabolizable energy(ME) during
the first eight weeks, 16% CP and 2800 Kcal/kg ME during the
growing period (9 to 20 weeks), and 16.50% CP and 1750 Kcal/
kg ME during laying stage) according to their requirement. All the
necessary vaccines were administered for the chicken at the appro-
priate ages.

Traits Measured

External (egg weight (EW), shell weight (SW), egg length (EL),
and egg width (EW1i)) and internal (albumen height (AH), albumen
weight (AW), yolk height (YH), yolk weight (YW), yolk colour (YC))
egg quality traits were measured.

a) Albumen height (AH), was measured between the yolk and
outer edge of the thick albumin in millimetre (mm) with the
help of Spherometer.

b) Albumen weight (AW), was measured in gram (g) with the
help of electronic balance with 0.1g accuracy.

c) Egglength (EL), measured in centimetre (cm) with the help of
Vernier calliper.

d) Egg weight (EW), measured in gram (g) with the help of elec-
tronic balance with 0.1g accuracy.

e) Egg width (EWi), measured in centimetre (cm) with the help
of Vernier calliper.

f) Shell weight (SW), measured in centimetre (cm) with the help
of Vernier calliper.

g) Yolk colour (YC), was examined by using yolk colour fan
(ROCHE, Yolk Colour Fan, Switzerland) and the most appropri-
ate colour number was given accordingly.

h) Yolk height (YH), was measured in millimetre (mm) with the
help of Spherometer.

i) Yolk weight (YW) was measured in gram (g) with the help of
electronic balance with 0.1g accuracy.

Statistical Data Analysis

SAS-program version 9.4 [14] was used for all statistical analy-
ses in this study.

Univariate Analysis: Egg quality traits(EW, AH, AW, YH, YW,
SW, YC, EL, and EWi) were subjected to independent t-Test analysis
of variance using SAS to determine the effect of breed.

The linear model employed was:

Y, =u+B +¢,

where:

Y, = Observed value of the egg quality trait

it Overall mean

B= Fixed effect of the i breed (i = 2:1=Sasso, and 2=White
Leghorn)

e = Random residual error term

1)

Multivariate Analysis: Pearson correlation coefficients among
the egg quality traits were calculated for each breed and the cor-
relation matrix was generated as the primary data required for
PCA. PCR is an appropriate multivariate technique to reduce the
dimension of a data set consisting of a large number of interrelated
variables, while retaining as much as possible the variation present
in the data set [15]. This is achieved by transforming a set of orig-
inal variables to a new set of variables, the principal components
which are ordered so that the first few retain most of the variation
present in all of the original variables [16]. PCA is a method for
transforming the variables in a multivariate data set Xy Xy e X, into
new variables, y,, y,, .., y, which are uncorrelated with each other
and account for decreasing proportions of the total variance of the
original variables as defined below:

YiTap X tag Xt +a,pxp
y,=a, X, +a,X,+ .. +a,pxp
y,=ap, X, +ap,X, + .. +a pxp

The aim of the varimax rotation is to maximize the sum of vari-
ances of aij, quadratic weight.

Citation: Ashenafi Getachew, Kefelegn Kebede*, Mengistu Urge and Yesihak Yusuf Mumed. Principal Components Regression of Egg Quality
Traits in Two Exotic Chicken Breeds in Ethiopia. Scho ] Food & Nutr. 4(5)-2023. SJFN.MS.ID.000200. DOI: 10.32474 /SJFN.2023.04.000200

N


http://dx.doi.org/10.32474/SJFN.2023.04.000200

Scho J Food & Nutr

Volume 4 - Issue 5

Copyrights @ Kefelegn Kebede

A multiple regression procedure was used to obtain models for
predicting egg weight from egg quality traits (a) and PCA regres-
sion from established principal components (b).

b,x, (i)
b,PC, (i)

EW=b +b x +
EW=b, +bPC+

where; EW is the egg weight, b0 is the regression intercept, b, is
the i, partial regression coefficient of the i, egg quality trait, X, or
the i, principal component. Anti-image correlations and Barlett’s
Test of Sphericity were computed to test the validity of the factor
analysis of the data sets. The appropriateness of the factor analy-
sis was further tested using communalities. Cumulative proportion
variance was employed in determining the number of principal
components to extract. The overall reliability of the factor solution
was tested using Chronbach’s Alpha. The means, correlation, factor,
and regression procedures of SAS 9.4 statistical package was used

for the analyses.

Results And Discussions

Univariate Analysis: Least-square means (LSM) along with
their standard error (SE) of the egg quality traits are presented in
Table 1. All the traits showed a wide range of variability between the
breeds. The Sasso breed had significantly (p < 0.05) higher mean
values than the White Leghorn breed in all the investigated traits.
The significant variation in the observed traits could be attributed
to the genetic make-up of the breeds. The result is in line with [7]
and [8] who reported the effect of breed on egg quality traits.

Table 2
coefficients of egg quality traits of the exotic chicken breeds. The
correlation coefficients ranged from 0.00 to 0.75, and -0.01 to 0.78
in Sasso, and White Leghorn breeds respectively.

Multivariate Analysis: shows the correlation

Table 1: Least square means (+SE) of egg quality traits of the two exotic breeds.

Trait (unit) Sasso White Leghorn
Min., Max. cv LSM+SE Min., Max. cv LSM+SE

EW (g) 45.9,100.3 8.87 61.85%+0.2 32.0,62.1 9.5 48.54+0.14
AH (cm) 24,128 20.77 7.41°+0.06 3.3,12.3 19.1 7.26°+0.04
AW (g) 24.9,58.7 9.97 37.62*+0.15 18.8,38.4 10.39 29.4°+0.10
YH (cm) 11.7,19.8 6.86 15.48+0.04 10.0,18.3 7.66 14.34°+0.03
YW (g) 10.2,27.1 12.16 17.932£0.09 9.4,19.3 10.91 14.86+0.05
SW (g) 0.6,8.0 15.28 5.25%+0.03 2.2,6.1 15.92 4.13+0.02
YC () 1,6 47.04 1.82°+0.03 1,5 43.25 1.53+0.02

»b when different superscripts are indicated in the same row for a given trait, it means that there is a significant (P< 0.05) effect of
breed. EW = egg weight, AH = albumen height, AW = albumen weight, YH = yolk height, YW = yolk weight, SW = shell weight, YC

= yolk colour, EL = egg length, and EWi = egg width.

Table 2: Pearson correlations among egg quality traits of exotic chicken breeds of Sasso (above diagonal), and White Leghorn (below

diagonal).

Trait EW AH AW YH Yw SwW YC
EW (g) 1 0.08ns 0.75* 0.18* 0.61* 0.6* 0.00ns
AH (cm) 0.14* 1 0.23* 0.16* -0.08ns -0.08ns 0.02ns
AW (g) 0.78* 0.13* 1 0.13* 0.35* 0.39* -0.04ns
YH (cm) -0.01ns 0.14* -0.07ns 1 0.17* 0.17* 0.17*
YW (g) 0.68* 0.04ns 0.62* -0.06ns 1 0.41* 0.04ns
SW (g) 0.36* 0.14* 0.24* 0.14* 0.20* 1 0.02ns
YC () -0.07* 0.11* -0.14* 0.19* -0.13* 0.15* 1

* = significant at alpha values of 0.05; ns =not significant; EW = egg weight, AH = albumen height, AW = albumen weight, YH = yolk
height, YW = yolk weight, SW = shell weight, EL = egg length, and EWi = egg width.

PC Factor Analysis: Anti-image correlations computed (not
given here) showed that partial correlations were low, indicating
that true factors existed in the data. This result is consistent
with that of the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy studied from the diagonal of partial correlation, revealing

the proportion of the variance in the traits caused by the underlying
factor [17]. The KMO measure of sampling adequacy was found to
be sufficiently high with a value of 0.78. [18] reported that a KMO
measure of 0.60 and above is considered adequate. Bartlett’s
sphericity test for testing the null hypothesis that the correlation
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matrix is an identity matrix was used to verify the applicability of
PCA. The value of Bartlett’s sphericity test was significant (p-value
=0.001), implying that the PCA applies to the data set.

Eigenvalues, Percentage of Total Variance with Rotated

Component Matrix and Communalities

The eigenvalue of the total variance, the rotated component
matrix and communalities of the traits investigated are present-
ed in Table 3. The table shows how much of the total variance of
the observed traits was explained by each of the PCs after vari-
max rotation of the component matrix. For the Sasso breed, three
PCs were identified with eigenvalues of 1.87 (PC1), 1.20 PC2, and
1.09 (PC3). PC1 explained 312%, PC2 explained 20%, and PC3 ex-

plained 18.1% of the total variance respectively. Similarly, for the
White Leghorn breed, three PCs were identified with eigenvalues
of 1.80 (PC1), 1.42 PC2, and 0.89 (PC3). PC1 explained 30%, PC2
explained23.7%, and PC3 explained 14.8% of the total variance
respectively. Communalities are the proportion of variance that
each trait has in common with other traits. Thus, if communality
of a trait is high, it means that the extracted factors explained a
big proportion of the variance of the trait. For the Sasso breed, the
communality values ranged from 0.15 (YC) to 1.00 (AH); while for
the Whit Leghorn breed the values ranged from 0.16 (YH) to 1.00
(AH). PC loadings presented in Table 3 are the correlation coeffi-
cient between the first three PC scores and the original traits. They
measure the importance of each egg quality trait in accounting for
the variability in the PC.

Table 3: Eigenvalues and share of total variance along with factor loadings after rotation and communalities of the egg quality traits

of the chicken breeds.

Breed
Sasso White Leghorn
Trait PC1 PC2 PC3 Communality PC1 PC2 PC3 Communality
AH (cm) -0.02 1.00 0.09 1.00 0.08 0.98 0.17 1
AW (g) 0.63 0.24 -0.05 0.46 0.84 0.08 -0.09 0.72
YH (cm) 0.19 0.12 0.46 0.27 -0.05 0.08 0.39 0.16
YW (g) 0.60 -0.09 0.14 0.38 0.73 0 -0.08 0.54
SW (g) 0.66 -0.07 0.09 0.45 0.32 0.04 0.39 0.26
YC (-) -0.02 -0.02 0.38 0.15 -0.12 0.04 0.46 0.23
Eigenvalue 1.87 1.2 1.09 1.8 1.42 0.89
% oftotal 31.15% 19.96% 18.12% 69.23% 2097% | 2373% | 14.76% 68.46%

EW = egg weight, AH = albumen height, AW = albumen weight, YH = yolk height, YW = yolk weight, SW = shell weight, YC = yolk

colour, EL = egg length, and EWi = egg width.

That is, the larger the loadings in absolute terms, the more in-
fluential the variables are in forming the new PC and vice versa. For
the Sasso breed, the first factor (PC1) loaded heavily on AW (0.63),
and YW (0.60) and SW (0.66), the second factor (PC2) loaded heav-
ily on AH (1.00), while the third factor (PC3) loaded heavily on YC
(0.38). For the White Leghorn breed, the first factor (PC1) loaded
heavily on AW (0.84), YW (0.73) and SW (0.32), the second factor
(PC2) loaded heavily on AH (0.98), while the third factor (PC3)
loaded heavily on YH (0.39), SW (0.39) and YC (0.46). A scree-paral-
lel analysis plot of eigenvalues against their PCs is shown in (Figure
1a and 1b) below. This enhanced plot shows the rate of change in
the magnitude of the eigenvalues for an increasing number of PCs.
The rate of decline levels off at a given point in the scree plot that
indicates the optimum number of PC to be extracted. Also, the in-
tersection point between the scree plot & the parallel analysis plot
reveals that the first three eigenvalues that account for could be re-

tained as significant PC for both breeds (Figures 1a & 1b).

MLR Models Used for Body Weight Prediction of Chickens

The interdependent original egg quality traits and their inde-
pendent PC factor scores were used to predict egg weight. Tables
4a & 4b present the regression coefficient, their standard errors,
t-value, p-values, variance inflation factor (VIF) values, and R? ob-
tained from MLR analysis. For the Sasso breed, the regression of egg
weight on AW, YW and SW were significant, while it was not signifi-
cant for AH, YH and YC. For the White Leghorn breed, the regression
of egg weight on AH, AW, YW and SW were significant, while it was
not significant for YH and YC. The present findings are consistent
with the submissions of [19] in chickens and [20] in ducks. To in-
crease egg yields from chicken production, the genetic improve-
ment of egg weight is necessary and this requires adequate knowl-
edge of correlated traits that can be considered when selection is to
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be applied. However, the use of inter-dependent predictors should
be treated with caution, since multi-collinearity is associated with
unstable estimates of regression coefficients [21-23] rendering the
estimation of unique effects of these predictors impossible.

This was not the case in the present study, where VIF values
greater than 10 were not found. [24] stated that VIF values above
10 indicate severe collinearity which leads to unstable estimation
of the associated least square regression coefficient. To overcome
this limitation, the PC factor scores are used as predictors for the
prediction of egg weights [25, 23]. These PCs are orthogonal to
each other and are more reliable in weight estimation. In the pres-
ent study, the use of PC1, PC2 and PC3 as multiple predictors ex-
plained 73% and 69% of the total variability in egg weight of Sasso

and White Leghorn breeds respectively. For the Sasso breed the two
factors selected (PC1 and PC2) were found to have a significant (p
< 0.0001) positive linear relationship with egg weight; while for
White Leghorn breed all three PCs were significant (Table 4a and
4b). In other words, egg weight is expected to increase as the values
of factor 1 and 2 scores in Sasso increase; while for White Leghorn,
egg weight is expected to increase as the values of factor 1, 2 and
3. Similarly, [26] derived regression equations for estimating the
egg weight of chickens using independent factor scores. In anoth-
er related study, [27] obtained a regression model for body weight
prediction using principal component scores of musk ducks; while
[28] used factor scores derived from egg quality traits to predict the
egg weight of chicken.

Eigorvalues & Eigenvestors

Figure 1a: Scree and parallel analysis plots for Sasso breed.

Eigenvalues & Eigenvectors

05

—CEigenvalues
— Eigenvectors

Row

Figure 1b: Scree and parallel analysis plots for White Leghorn breed.
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Table 4a: MLR of egg weight on original egg quality traits of Sasso breed and their PC factor scores.

Model Coefficient SE t-value p-value VIF
Original egg quality traits as predictors
Intercept 7.74 1.87 4.15 <.0001
AH (cm) -0.00 0.08 -0.02 0.9870 1.14
AW (g) 0.79 0.03 23.24 <.0001 1.38
YH (cm) 0.07 0.11 0.62 0.5345 1.11
YW (g) 0.78 0.06 13.69 <.0001 1.31
SW (g) 1.77 0.16 11.19 <.0001 1.36
YC () 0.03 0.13 0.24 0.8094 1.04
R? adjusted = 0.75
Orthogonal egg quality traits as predictors
Intercept 61.85 0.11 547.06 <.0001
PC1 5.69 0.14 41.12 <.0001 1.02
PC2 0.56 0.11 494 <.0001 1.01
PC3 -0.35 0.20 -1.76 0.0794 1.02
R? adjusted = 0.73

Table 4b: MLR of egg weight on original egg quality traits of White Leghorn breed and their PC factor scores.

Model Coefficient SE t-value p-value VIF
Original egg quality traits as explanatory variables
Intercept 4.86 1.41 3.45 0.0006
AH (cm) 0.12 0.06 2.08 0.0378 1.06
AW (g) 0.82 0.03 24.01 <.0001 1.72
YH (cm) 0.05 0.08 0.68 0.4945 1.07
YW (g) 0.87 0.06 13.79 <.0001 1.65
SW (g) 1.13 0.13 8.75 <.0001 1.13
YC (-) 0.11 0.13 0.86 0.3923 1.09
R? adjusted = 0.69
Orthogonal egg quality traits as explanatory variables
Intercept 48.54 0.08 607.47 <.0001
PC1 4.32 0.09 47.79 <.0001 1.01
pPC2 0.27 0.08 3.23 0.0013 1.03
PC3
R? adjusted = 0.69
Conclusions results of this study imply that egg weight can be estimated more

In this study, PC factor analyses were explored in identifying
patterns and determine the inter-dependence in seven egg quality
traits of exotic chicken breeds to eliminate redundancy and predict
egg weight. According to the results of this study, it could be con-
cluded that using inter-dependent egg quality traits as predictors in
MLR analysis resulted in a multi-collinearity problem. On the other
hand, when independent orthogonal indices (PC factor scores) were
used as predictors, problem of multi-collinearity was removed. The

accurately from principal component (PC) factor scores and the re-
sults obtained could be used by poultry producers and researchers
for selecting, managing, and estimating market values of chickens.
This is because egg weight is the pivotal determinant for thriving
animal production. However, further research is needed to investi-
gate the relationship between egg weight with egg quality traits in
the same and other ecotypes of chickens in the different region of
the country with additional traits of egg quality parameters.
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