
Submit Manuscript | http://medcraveonline.com

Description of problem
Quail belongs to the family Phasianidae, order Galliform and 

genus Coturnix. The bird share family with pheasants and partridges 
with over 40 species recognized worldwide. Japanese quail (Coturnix 
coturnix japonica) is one of the major five species of the Coturnix.1,2 
The Japanese quail, also known as Coturnix quail, Pharoah’s quails, 
Stubble quail and Eastern quail,3 is a small bodied bird of weight 
varying between 150g and 700g when fully matured from 5 to 6 
weeks and usually in full egg production by 50 days of age.4 It differs 
from the North American Bobwhite quail. The Bobwhite is larger than 
the Japanese quail; however, the Coturnix produces larger eggs. 

Abdulraheem2 opined that quail production is becoming an 
important business in the Nigerian poultry industry especially 
among small and medium scale poultry producers. This5 noted could 
be associated with marked advantages the bird possess over others 
galliforms. The features among others include fast growth, early 
maturity, high rate of egg production, short gestation interval and short 
incubation period.2 The Japanese female quail starts laying eggs as 
early as 6 weeks of age compared to 10 weeks for Bobwhite6 and can 
lay over 300 eggs in the first year of production if properly maintained 
and cared for.2,7 Though the small size of the egg is less than 15g 
compared to egg laying chicken of about 40 – 70g.8 Quail eggs are 
high in nutritional value, are a hoarder of many nutrients, rich sources 
of protein, good cholesterol, vitamin B, vitamin B2, vitamin A, Vitamin 
C and are unquestionably one of the most balanced foods with a safe 

option to include in man’s diet. Between other protein-containing 
foods, quail eggs contain the highest variety and mixture of amino 
acids that are indispensable for healthy growth and development of 
children, adolescents and young adults. In addition, the high muscular 
degeneration, which is the leading cause of blindness in developed 
countries.

Egg quality, according to,2 is the most important price-contributory 
factor in both table and hatching eggs, as it portrays the characteristic 
of an egg that affects its acceptability to the consumers. Thus, the 
authors opined that economic success of a laying flock depends solely 
on the number of quality eggs produced. External egg quality traits 
include size and shell qualities, while the internal egg quality traits 
include yolk and albumen qualities. In the egg producing industries,9 
pointed out that egg shell weight, albumen and the yolk that form the 
egg as well as their ratio affect the amount and price of the product. 
Egg weight is an important egg trait, which influences egg quality 
as well as grading.10 The egg weight has a direct relation with egg 
quality which has a positive correlation with the shell thickness and 
shell weight.11 Besides,3 observed that positive phenotypic correlation 
exist between egg weight and other biometrical traits; egg length 
being weighty and significantly correlated with egg width. Positive 
correlations between egg weight, shell weight and shell thickness 
has been reported by.10 Also better prediction of egg shell weight and 
thickness from egg weight, width and length.12 In addition,13 opined 
that egg shell weight, shell thickness, weight of egg yolk and albumen 
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Abstract

Three hundred freshly laid eggs collected from 12 weeks old brown Japanese quails on deep 
litters fed 18% CP and 2700 kcal ME/kg ration and water ad libitum. External egg quality 
traits measured included egg (weight and width) and yolk (weight, height and width). Data 
collected were used to estimate descriptive statistics, phenotypic correlations and to predict 
egg and yolk weights. Results of phenotypic correlation of external egg traits investigated 
expressed mostly non-significant (p>0.05) both positive and negative low values with the 
exceptions of two higher, negative significant (p<0.01) correlations observed between 
egg weight and egg length (r= – 0.721) and egg weight and shell thickness (r= – 0.616). 
Similarly, results of phenotypic correlations of internal egg traits expressed mostly non-
significant (p>0.05) both positive and negative low values with the exceptions of very high 
negative correlation coefficient (r= – 0.802) between yolk weight and albumen width and 
moderate negative correlation coefficient (r= – 0.561) between albumen height and albumen 
width. The only moderate positive significant correlation (r=0.519) obtained in this study 
was between yolk weight and albumen height. The regression estimates of parameters and 
coefficient of determination for simple (one trait) and multiple (two traits and for predicting 
egg and yolk weight sh6wed very low non-significant associations/interrelationship. But 
with three to five traits fitted into the multiple linear regression equations, highly significant 
(p<0.001) associations/interrelationships were obtained for egg and yolk weights. Egg and 
yolk weights can be predicted using external and internal egg traits measurements with 
two external traits (egg length and egg width) and two internal traits (albumen height and 
albumen width) best predicted egg and yolk weights respectively.
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are the important egg traits influencing egg quality, weight of the 
newly hatched chicks and the hatching performance.

Consequently,14 pointed out that apart from correlation procedure 
describing the interrelationship that exist among body traits, estimates 
of correlation coefficients are therefore very useful in animal 
breeding as a mean of predicting potential response to, or progress 
from selection. Since production traits are interrelated,15 noted that 
considerations of such relationships are very relevant to selection for 
improvement. Genetic improvement of animal species can be achieved 
by quantitative measurement, correlation among performance traits 
and development of selection programme for effective planning.16,17 
The use of correlation coefficients to examine the relationships 
between measurements of body traits has been widely reported in 
chicken, whereas such information is less documented for quails.14 
There are limited number of reports on egg quality traits, correlations 
and egg and yolk weights prediction of Japanese quails in literature. 
To ensure the sustainability of the bird, there is need to improve on 
its productive capabilities. This study was undertaken to provide egg 
quality traits (external and internal), phenotypic correlations and 
prediction equations for predicting life egg and yolk weights using 
external and internal egg quality traits of Japanese quails. 

Materials and methods
Location of experiment

The experiment was carried out at the Poultry Unit, Department of 
Animal Science Teaching and Research Farm, University of Calabar, 
Nigeria. 

Experimental animals and data collection

A total of 300 freshly laid eggs were collected at 12 weeks of age 
from a foundation stock of brown Japanese quails. The quails were 
raised intensively under deep litter system and fed ration containing 
18%CP and 2700 Kcal ME/Kg and water ad libitum. Constant and 
regular sanitation of the pen including the feeders were carried out.

Data measured on external egg quality traits included egg 
weight (EW), egg length (EL), egg width (EG), shell weight (SW) 
and shell thickness (ST). The egg weight (EW) was measured with 
an electronic balance, ScoutTM pro-scale with 0.001g to 1000g 
sensitivity. Egg length and width were measured with a pair of Vernier 
caliper (mm). For shell weight and thickness, after the removal of the 
internal components (yolk and albumen), the egg shell was washed 
and sundried for 24 hours. Then, the shell was weighed using and 
electronic balance, scoutTM pro-scale with 0.001g to 1000 g sensitivity, 
while average shell thickness was obtained from average values of the 
samples taken from sharp, blunt and pointed parts of the egg shell 
using Micrometer screw gauge (mm).

Data measured on internal egg traits included albumen weight 
(AW), albumen height (AH), albumen width (AD), yolk weight (YW), 
yolk height (YH), and yolk width (YD).Yolk and albumen heights and 
widths were determined using a spherometer calibrated in millimeters 
(mm).

Statistical analysis

All data collected for external and internal egg traits were subjected 
to descriptive statistics (mean, standard deviation, standard error and 
coefficient of variation). Phenotypic correlations among egg weight 
and egg linear traits were determined with Pearson’s correlation 
coefficients (r) using.18 The model for the Pearson’s correlation used 
was 
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Where:

r = Regression’s product moment correlation coefficient 

X1 = First random variable of the ith egg weight of egg trait

Y1 = Second random variable of the ith egg linear trait

The data were analyzed using[18] for simple and multiple linear 
regression analysis.

Y = a + b1 X1 + E

Where:

Y = egg weight

a = constant

b1 = regression coefficient of the ith independent variable

X1 = the value of the independent variable

E = error term

The goodness of fit (R2) was tested to determine that contribution 
of each of the independent variables measured to the prediction of 
the dependent variable, egg weight. The accuracy of the regression 
equations were estimated by using residuals (absolute value of the 
difference between predicted weight by using the developed equations 
and actual weight measured with the scale). 

Results and discussion
The descriptive statistics for external and internal egg quality traits 

of Japanese quails in this study are shown in Table 1. The results 
of external egg quality traits revealed that mean egg weight, egg 
length, egg width, shell weight and shell thickness were 10.195 g, 
32.199 mm, 22.536mm, 1.280mm and 0.228 mm respectively. The 
mean egg weight 10.195g obtained here was higher than 8.19+0.02g, 
9.20+0.08g and 7.43 – 8.52g reported by2,3,19 respectively for Japanese 
quails of the same age, but rather agreed with mean egg weight of 
10.53g for brown variety of quails reported by.20 Egg weight, one of 
the most uniform with regards to relationship with egg production is 
an important egg size quality traits. Abdulhareem2 and according to20 
may be of advantage in quail breeding industry. Similarly, the values 
obtained for egg length, egg width, shell weight and thickness were 
higher than those of.2,3,19,21 Information of these egg traits will further 
open the dogma for trying out various prediction equations in order to 
predict egg shell weight and shell thickness.22

The differences observed among reports for traits related to 
external egg quality could be expected because of differences 
in genetic structures, content of diets and management practices 
adopted2 as well as plumage genotype,22 agreeing with22,23 reports 
that hens with coloured feathers lay bigger eggs than hens with white 
feathers. Kul and Seker24,25 recorded lower value of 0.231 mm for shell 
thickness similar to the 0.228mm obtained in this study. However, the 
value obtained for egg shell thickness falls within the range of 0.20 – 
0.30mm reported by26–28 while20 recorded higher and consistent value 
of 0.27mm from three varieties of quails studied. Altan9 opined that the 
inability of an egg to resist fracture can be attributable to deficiencies 
in shell structure (e.g. thickness) and shape; while eggs of normal 
shape hatch more successfully than those with abnormal shape29 and 
thickness. The coefficient of variation (CV%) for external egg quality 

https://doi.org/10.15406/ijmboa.2020.05.00126


Egg quality traits, phenotypic correlations, egg and yolk weights prediction using external and internal egg 
quality traits of Japanese quails reared in Calabar, Nigeria

23
Copyright:

©2020 Okon et al. 

Citation: Okon B, Ibom LA, Dauda A, et al. Egg quality traits, phenotypic correlations, egg and yolk weights prediction using external and internal egg quality 
traits of Japanese quails reared in Calabar, Nigeria. Int J Mol Biol Open Access. 2020;5(1):21‒26. DOI: 10.15406/ijmboa.2020.05.00126

traits were generally low, less than 10% (Table 1). These agreed with 
the report of3 of very low (0.01 – 1.50%) coefficient of variation for 

egg quality traits. The CV% results indicated low individual variation 
present in the external egg traits measured.

Table 1 Descriptive statistics of egg quality traits of quails 

Egg traits Mean ± S.E Standard deviation (SD)  Coefficient of variation 
(CV %)

External egg quality

Egg weight (g) 10.195±0.175 0.781 7.664

Egg length (mm) 32.199±0.249 1.114 3.461

Egg width (mm) 22.536±0.279 1.247 5.533

Shell weight (g) 1.280±0.022 0.1 7.822

Shell thickness (mm) 0.228±0.018 0.086 0.277

Internal egg quality

Albumen weight (g) 4.270±0.105 0.471 11.041

Albumen height (mm) 4.198±0.039 0.175 4.164

Albumen width (mm) 30.230± 0.136 0.136 2.011

Yolk weight (g) 4.441±0.118 0.529 11.911

Yolk height (mm) 10.268±0.098 0.438 4.267

Yolk width (mm) 22.931±0.120 0.538 2.348

The results of the internal egg quality traits were 4.270 g, 
4.198mm, 30.230 mm, 4.441 g, 10.268mm and 22.931mm for 
albumen weight, albumen height, albumen width, yolk weight, yolk 
height and yolk width, respectively (Table 1). Again, these values 
obtained for internal egg quality traits were higher than those reported 
by3 except for albumen weight (4.95g) and albumen height (4.96mm), 
but lower than those reported by30 as well as albumen weight (5.16g) 
reported by.20 The differences in the results might again be attributed 
to differential expression of genes by different birds under different 
management conditions and content of diets adopted,2 effect of breed, 
direct influence of age and plumage genotype.22,31

The phenotypic correlation (rp) coefficient obtained for external 
egg quality traits are shown in Table 2. Interestingly, most of 
correlation coefficients obtained from paired external egg quality 
traits were non-significant (p>0.05) either positively or negatively 
low. These results negate20 high significant results. The reason being 
that the authors concentrated only on egg weight. But these low, 
non- significant associations obtained here agreed with the reports of3 
on external egg quality traits. However, higher negative significant 
(P<0.01) correlations were observed between egg weight and egg 
length (– 0.721) and egg weight with shell thickness (– 0.616). These 
negative correlation results negate the positive correlations between 
egg weight with shell weight and shell thickness reported by.10 The 
higher, though negative and significant (P<0.01) correlation values 
obtained between egg weight and egg length as well as between egg 
weight and shell thickness agreed with20 values of 0.823 and 0.456, 
respectively for brown variety of quails. The negative correlation 
signifies that both traits are controlled by different genes, meaning 
that an improvement in one trait will lead to decrease in the other 
trait. According to32 the traits are controlled by more than one gene 
(pleiotrophy).

Phenotypic correlation (rp) coefficients obtained for internal egg 
traits are shown on Table 3. Surprisingly again, most of the correlation 
coefficients obtained were non-significant (P>0.05) and either 
positively or negatively low. These results agreed with the low, non-
significant (P>0.05) reports of3 for internal egg quality traits. But very 
high, negative significant (P<0.01) correlation coefficient obtained 
(Table 3) between yolk weight (YW) and albumen width (AD) 
(– 0.802) and moderate, negative significant (P<0.05) correlation 
coefficient between albumen height (AH) and albumen width (AD) (– 
0.561). The only moderate positive, significant (P<0.05) correlation 
obtained was between yolk weight (YW) and albumen height (AH) 
(0.519). This positive correlation signifies that the traits are controlled 
by same gene and shows an indication that any of these egg traits could 
serve as a predictor of egg weight. Thus,15 opined that correlation 
coefficients indicate the strength of linear association between traits, 
thereby give useful information of traits involved for the purpose of 
breeding and improvement plan.

The results of regression equations, coefficients of determination 
and residual mean square (RMS) relating the egg weight with external 
egg traits and yolk weight with internal egg traits of quails are shown 
in Table 4. The regression estimates of parameters and coefficients 
of determination for simple (one trait) and multiple (two traits and 
above) linear functions for predicting egg weight and yolk weight 
showed very low non-significant associations/interrelationships 
(Table 4). However, when three and four external traits (egg length, 
egg width, shell length and shell thickness) for predicting egg weight 
and from three to five internal egg traits (albumen height, albumen 
width, albumen weight, yolk height and yolk width) for predicting 
yolk weight were fitted into multiple linear regression function, a 
highly significant (P<0.001) association was obtained for egg and 
yolk weights. The coefficient of determination (R2) results varied 
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from 0.089 to 0.0810 with external egg traits and varied from 0.009 
and 0.602 with internal egg traits. Although, egg weight was predicted 
using either single or combine external egg traits of length, width, 
shell thickness and shell weight but egg weight was predictable with 
sufficient accuracy from egg length and width (Table 4). The results 
agreed with the reports of12–13 Similarly, yolk weight was predicted 
using single or combine internal egg traits, but albumen height and 
albumen width predicted most accurately yolk weight (Table 4). The 
results of this study confirmed that egg and yolk weights of quails 
can be predicted with confidence from most external and internal egg 
trait measurements. The value of R2 increased as more independent 
variables were added to the regression equation (Table 4), showing 
that estimating egg weight using a single egg trait measurement is not 
the only suitable criterion for predicting egg and yolk weights. Topal33 
opined that anyone of R2 or RMS may be confidently applied to 
investigate the fitting state of simple and multiple regression models 
to actual data for estimation of body weights in livestock. The higher 
and significant (P<0.001) R2 value and smaller RMS obtained in this 
study (Table 4) using single or multiple predictor variable indicated 
that all external traits (EL, ED, ST, SH) and internal egg traits (AH, 
AW, AD, YH, YD) as independent variables were good estimators of 
egg and yolk weights in quails.

Table 2 Phenotypic correlation coefficients of external egg traits of quails 

Traits EW EL ED ST SW

EW 1

EL – 0.921** 1

ED – 0.327ns – 0.258ns 1

ST – 0.616** 0.258ns 0.123ns 1

SW – 0.360ns – 0.043ns 0.011ns 0.224ns 1

**p<0.01 (high significant), *p<0.05 (low significant) ns(p>0.05) non-significant

EW, egg weight; EL, egg length; ED, egg width; ST, shell thickness; SW, shell 
weight

Table 3 Phenotypic correlation coefficients of internal egg traits of quails

Traits YW AH AW AD YH YD

YW 1

AH 0.564* 1

AW -0.074ns -0.231ns 1

AD -0.802** -0.561* -0.330ns 1

YH 0.213ns -0.136ns 0.468ns -0.345ns 1

YD -0.296 -0.015ns 0.289ns -0.196ns -0.345ns 1

**p<0.001 (Highly significant), *p<0.01 (High significant), p<0.05 (Moderate 
significant), ns(p>0.05) non-significant. YW, yolk weight; AH, albumen height; 
AW, albumen weight; AD, albumen width; YH, yolk height; YD, yolk width

The results of actual and predicted/computed egg and yolk weights 
of quails are presented in Table 5. The actual and predicted egg and 
yolk weights were more or less similar, which confirmed the facts that 
egg and yolk weights can be predicted from both external and internal 
egg traits measurements with accuracy. Multiple regression models 
using multiple traits (EL and ED) from external egg traits and (AH 
and AW) from internal egg traits best predicted egg and yolk weights, 
respectively (Table 5). A comparison between actual; and predicted 
egg and yolk weights revealed that there was no significant difference. 
The predicted egg values of 10.195+0.175 g and 4.441+ 0.118g best 
matched with actual live weight (Table 5). This means that both the 
simple and multiple linear models with one, two to five external and 
internal egg traits, respectively best predicted egg and yolk weights 
of quails.

Table 4 Regression equations for predicting egg weight and yolk weight 

Traits Prediction equations R2 SEE RMS

External Egg Traits

EL Y=16.93-0.209EL 0.089 0.766 0.587

EL, ED Y=16.23-0.227EL+0.056ED 0.097 0.785 0.617

EL, ED, ST Y=2.04-0.057EL+0.1223ED+7.835ST 0.751*** 0.425 0.18

EL, ED, ST,SW Y=-0.74-0.065EL+0.1239ED+8.36ST + 1.949SW 0.810*** 0.384 0.147

Internal Egg Traits

AH Y=5.67-0.293AH 0.009 0.541 0.293

AH, AW Y= 3.90-0.228AH +0.352AW 0.107 0.529 0.28

AH,AW,AD Y=-15.67-0.216AH-0.130AW+0.714AD 0.595* 0.367 0.135

AH, AW, AD,YH Y=-16.42-0.217AH-0.170AW+0.773AD-0.086YH 0.597* 0.378 0.143

AH,AW, AD,YH,YD Y= -17.22 -0.174AH -0.141AW+0.722AD -0.144YH +0.116YD 0.602** 0.389 0.151

***p<0.001 (highly significant), **p<0.01 (High significant), *p<0.05 (Moderate significant), R2=Coefficient of determination

EL, egg length; ED, egg width; ST, shell width; SEE, standard error estimate; AH, albumen height; AW, albumen weight; AD, albumen width; YH, yolk height; YD, yolk 
width; RMS, residual mean square
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Table 5 Comparison between actual and predicted egg weight and yolk 
weight of quail eggs

Traits used Actual egg weight (g) Predicted weight (g)

External egg traits

EL 10.195±0.175 10.195±0.171

EL,ED 10.195±0.175 10.195±0.175*

EL, ED,ST 10.195±0.175 10.195±0.09

EL,ED, ST, SW 10.195±0.175 10.195±0.086

Internal egg traits

AH 4.441±0.118 4.441±0.121

AH, AW 4.441±0.118 4.441±0.118*

AH,AW,AD 4.441±0.118 4.441±0.082

AH,AW,AD,YH 4.441±0.118 4.441±0.085

AH,AW,AD,YH,YD 4.441±0.118 4.441±0.087

*values with asterisk predicted actual weight most accurately 

EL, egg length; ED, egg width; SH, shell weight; ST, shell thickness; AH, albumen 
height; AW, albumen width; YH, yolk weight; YH, yolk height; YW, yolk width

Conclusion and application
The results of this study revealed that there are low variations 

as indicated by the results of coefficient of variation (CV%) within 
external and internal egg traits measured. Phenotypic correlations 
among egg traits showed low, non-significant relationship/association 
between egg weight and all other external egg traits as well as 
low, non-significant relationship/association between yolk weight 
and all other internal egg traits studied. Worthy of note were high, 
negative significant (P<0.01) correlations obtained between egg 
weight and egg length (– 0.721) and between egg weight and shell 
thickness (– 0.616); as well as higher, negative significant (P<0.01) 
correlation between yolk weight and albumen width (– 0.802). The 
only moderate, positive significant (P<0.05) correlation obtained was 
between yolk weight and albumen height (0.519). Prediction of egg 
and yolk weights using simple and multiple regression analyses has 
accurately predicted these traits using either external or internal egg 
traits or combination of two or more traits. Thus, suggesting that egg 
and yolk weights can be predicted from external or internal egg trait 
measurements with high accuracy to support improvement, husbandry 
practices and marketing of quail eggs. However, multiple regression 
model with two traits (EL and ED) from external egg traits and (AH 
and AW) from internal egg traits best predicted egg and yolk weights, 
respectively.
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