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Abstract
Background and Objective: The shape index of avian eggs is used as an indicator for predicting chick weight, hatchability and eggshell
quality. However, the components that most contribute to shape index remain unknown. The aim of this study was to provide an objective
description of shape index using principal component analysis and to predict shape index from egg measurements derived from this
analysis. Materials and Methods: The present study was carried out in the Animal Production Department laboratories of Sulaimani
University, Sulaimani, Iraq. From July 2017 to February 2018, a total of 98, 95 and 56 chicken, quail and guinea fowl eggs respectively were
collected from local markets. Digital balance and vernier calipers were used to measure the traits. Then descriptive analysis, correlations
and principal component analysis were determined by using SPSS program. Results: The guinea fowl and quail had high egg shape
indexes of 79.24 and 79.00% respectively, followed by the chicken (75.19%). The relationships between the shape index and the majority
of the egg components were positive and significant (p<0.05) in all three species. Bartlett’s test of sphericity on the egg components for
the chicken (χ2 = 150.354, p = 0.000), quail (χ2 = 133.322, p = 0.000) and guinea fowl (χ2 = 256.323, p = 0.000) were also highly significant.
Two principal components were extracted for each species with eigenvalues that, when combined, accounted for 82.5, 84.1 and 94% of
the total variance for the chicken, quail and guinea fowl respectively. Conclusion: Easily measured, descriptive features can be used to
predict the shape index of the eggs of gallinaceous birds, which helps toward selecting eggs and improving production.
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INTRODUCTION

The importance of the shape index of avian eggs as an
indicator for predicting chick weight1, hatchability2 and
eggshell quality3,4 has been well established in the literature.
Furthermore, there have been many attempts to identify the
components that affect egg shape index mathematically5-8,
including genetic9,10 and environmental11 factors.

Principal component analysis (PCA) is one of the
multivariate procedures used to analyze and assess variations
among traits. PCA was first introduced by Karl Pearson12 and
then by Hotelling13. It has been frequently used to predict the
relevant components of many traits in chickens that are
associated with egg production14-18 and carcass19-21 and
morphological features22.

Therefore, this study was undertaken to provide an
objective description of the shape index using PCA and to
predict shape index using egg measurements derived from
this analysis.

MATERIALS AND METHODS

The present study was carried out in the Animal
Production Department laboratories of Sulaimani University.
From July 2017 to February 2018, fresh eggs with unbroken
shells were collected from three different local markets in the
Sulaimani province. A total of 98, 95, 56 eggs were collected
from chicken, quail and guinea fowl respectively.

Each egg was weighed using a digital balance to the
nearest of 0.01 g. Both egg length and breadth were
measured using digital vernier calipers and shape index was
calculated using the following equation:

BreadthShape index = 100
Length



After breaking the eggs, yolk length and width were
measured using digital vernier calipers and yolk diameter was
estimated using the following equation:

Length breadthYolk diameter  
2




Mean, standard error and  coefficients  of  variation for
egg weight, length, breadth,  shape  index and yolk diameter
of the three species were determined using SPSS version 19.0
(Company Name, City, State, USA). Pearson correlation
coefficients between the shape index and egg measurements
were  calculated.  The  suitability  of  data  for   PCA   was
established using Bartlett’s test of sphericity, followed by the
Kaiser-Meyer-Olkin (KMO) test and anti-image correlations to
measure the sampling adequacy.

RESULTS

The mean, standard  error  and  coefficients of variation
for shape index and  egg  components  for the three species
are presented in Table 1. Guinea  fowl  and  quail  had  high
egg shape indexes (79.24, 79.00% respectively) followed by
chicken (75.19%).

The coefficients  of  correlation  between  shape  index
and egg  components  for  the  three  species  are  presented
in Table 2. The coefficient of  correlations  were ranged -0.082
-0.782, -0.037 -0.701 and -0.657 -0.961 in chicken, quail and
guinea fowl respectively. The relationship between the shape
index and the egg components were positive and significant
(p<0.05) in the three species of gallinaceous birds. Highly
significant (p<0.001) positive correlations were observed for
egg breadth and egg shape index (0.782), egg length and egg
weight (0.771), egg breadth and egg weight (0.660) and egg
breadth and egg length (0.504) in chickens; in quails, egg
length and egg weight (0.701), egg breadth and end egg
length (0.652) and egg breadth and egg weight (0.647) and
finally, in guinea fowl, egg breadth and egg weight (0.961),
egg length and egg weight (0.792), yolk diameter and egg
weight (0.789), yolk diameter and egg length (0.775), yolk
diameter and egg breadth (0.787) and egg breadth and egg
length (0.719). The KMO values determined for chicken, quail
and  guinea  fowl  were  0.680,  0.706  and  0.723,  respectively.

Table 1: Shape index and egg components
Chicken (n = 98) Quail (n = 95) Guinea fowl (n = 56)
----------------------------------------- ---------------------------------------- --------------------------------------------

Traits Mean CV Mean CV Mean CV
Egg shape index (%) 75.19±0.46a 6.00 79.00±0.30b 3.67 79.24±0.57b 5.35
Egg weight (g) 50.70±0.61 11.98 10.99±0.13 11.58 35.84±0.63 13.15
Egg length (mm) 54.86±0.25 4.43 32.51±0.16 4.78 47.83±0.42 6.64
Egg breadth (mm) 41.24±0.30 7.17 25.65±0.10 3.86 37.82±0.27 5.25
Yolk diameter (mm) 37.91±0.21 5.45 25.51±0.49 18.62 40.37±0.78 14.38
CV: Coefficient of variation
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Table 2: Coefficients of correlation between shape index and egg components
Birds Traits Egg shape index (%) Egg weight (g) Egg length (mm) Egg breadth (mm) Yolk diameter (mm)
Chicken Egg shape index (%) 1

Egg weight (g) 0.215* 1
Egg length (mm) -0.142NS 0.771*** 1
Egg breadth (mm) 0.782*** 0.660*** 0.504*** 1
Yolk diameter (mm) -0.082NS -0.324** -0.244* -0.233* 1

Quail Egg shape index (%) 1
Egg weight (g) -0.220* 1
Egg length (mm) -0.605*** 0.701*** 1
Egg breadth (mm) 0.208* 0.647*** 0.652*** 1
Yolk diameter (mm) -0.019NS -0.037NS -0.171NS -0.230* 1

Guinea fowl Egg shape index (%) 1
Egg weight (g) -0.088NS 1
Egg length (mm) -0.657*** 0.792*** 1
Egg breadth (mm) 0.040NS 0.961*** 0.719*** 1
Yolk diameter (mm) -0.233NS 0.789*** 0.775*** 0.787*** 1

***Correlation is significant at the 0.001 level, **Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level, NScorrelation is not significant

Table 3: Eigenvalues, total variance and communalities for shape index and egg components
Chicken Quail Guinea fowl
-------------------------------------------------------- -------------------------------------------------------- -------------------------------------------------------

Traits PC1 PC2 Communalities PC1 PC2 Communalities PC1 PC2 Communalities
Egg weight (g) 0.925 0.123 0.871 0.868 0.263 0.822 0.961 -0.220 0.972
Egg length (mm) 0.852 0.191 0.762 0.887 0.076 0.793 0.886 0.384 0.854
Egg breadth (mm) 0.797 0.181 0.667 0.873 -0.034 0.763 0.941 -0.317 0.933
Yolk diameter (mm) -0.479 0.877 0.999 -0.278 0.953 0.986 0.905 0.187 0.986
Eigenvalue 2.446 0.854 2.380 0.985 3.414 0.331
Variance (%) 61.148 21.338 59.488 24.615 85.346 8.279
PC1: Principal Component 1, PC2: Principal component 2

The results of Bartlett’s test of sphericity for the egg
components of the  chicken  (χ2  =  150.354,  p  =  0.000),  quail
(χ2   =   133.322,   p   =   0.000)   and   guinea  fowl (χ2 = 256.323,
p = 0.000) were also highly significant.

Eigenvalues, percentages of the total variance and the
commonalities of the shape index for the shape index and egg
components of the three species of gallinaceous birds are
present in Table 3. The communalities ranged 0.667-0.999,
0.763-0.986 and 0.854-0.986 in chicken, quail and guinea fowl
respectively. Two principal components were extracted from
chickens with eigenvalues of 2.446 for the first principal
component (PC1) and 0.854 for the second (PC2); these two
principal components accounted for 82.5% of the total
variance. In quail, two principal components were extracted
with eigenvalues of 2.380 for the first (PC1) and 0.985 for the
second (PC2); these two principal components accounted for
84.1% of the total variance. For guinea fowl, the eigenvalues
of PC1 and PC2 were 3.414 and 0.331, respectively and these
accounted for 94% of the total variance.

DISCUSSION

In the current study, PCA was applied to obtain data on
three species of gallinaceous birds (chicken, quail and guinea

fowl) to determine the most explanatory variables of the total
variance and shape index.  Similar  results  were  found  by
Song et al.23 using four species (pheasant, chukar, quail and
guinea fowl) and also by Sogunle et al.24 using three species
(chicken, duck and guinea fowl), that no species differences
were observed in the ration and compositions of albumen and
yolk. Among the species, the lowest coefficients of variation
for shape index were 3.67, 5.35 and 6.00% in quail, guinea fowl
and chicken respectively. Also, egg breadth was reduced by
3.86, 5.25 and 7.17 mm in quail, guinea fowl and chicken
respectively. Both of these results indicate that these traits are
affected by genetic factors25. In terms of egg traits, egg weight
in both chicken and guinea fowl and egg length in quail were
found to be the most effective parameters in PC1. Yolk
diameter in both chicken and quail and egg length in guinea
fowl were found to have the most loading in PC2. The positive
relationship between the shape index and the majority of egg
traits in all three species showed that the former could be
predicted from the latter. These results support the findings of
Duman et al.26 who used chickens to study the relationship
between the shape index and egg characteristics and found
that the shape index was significantly affected by egg weight,
length and breadth.
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CONCLUSION

Based on the results of the current study it can be
concluded that two PC were extracted from each of the three
species, which could be used to predict the shape index of
their eggs. And also help for selection and improving the
production.
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