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INTRODUCTION
The poultry sector is recognized as one of the fastest-
growing industries and has undergone significant 
development in a short period. In developing nations 
such as India, backyard poultry farming is vital for 
economic progress, women empowerment, and food 
security (Kumar et al., 2021a). Indigenous chickens, 
however, often receive less attention compared to 
commercial varieties due to their lower production 
performance (Tajane and Vasulkar, 2014). Nonetheless, 
backyard rearing of indigenous chickens, producing 
stress-free and residue-free birds, tends to fetch higher 
market prices for their eggs and meat compared to 
commercial products, offering economic advantages 
(Selvam, 2004). India boasts more than 20 poultry 
breeds (Panda and Praharaj, 2002), including notable 
indigenous breeds such as Aseel and Kadaknath, 
which are valued for their disease resistance, heat 
tolerance, and high-quality meat with distinctive taste 
and flavor (Rajkumar et al., 2016). The Aseel breed, 
native to Andhra Pradesh, is celebrated for its vigor, 
royal demeanor, and exceptional stamina (Singh, 
2001). Kadaknath chickens, popular among the tribals 
of Madhya Pradesh, are distinguished by their local 
adaptability, disease resistance, and unique meat 
flavor. Despite Kadaknath’s less attractive appearance, 
its meat is highly regarded for its flavor (Panda and 
Mahapatra, 1989). Additionally, Kadaknath meat is 
notable for its black coloration due to high melanin 

content and its eggs have a high protein percentage 
(Mohan et al., 2008a). Although Aseel and Kadaknath 
chickens are not prolific egg layers, they are known 
for their robustness and resilience in harsh conditions 
(Kumar et al., 2021b). The rising interest in these 
indigenous breeds for backyard farming stems from 
their adaptability, hardiness, and the desirable quality 
of their meat and eggs.
Egg quality is crucial in the poultry industry, affecting 
consumer preferences, hatchability, and overall 
profitability. Key factors include shell strength, 
albumen quality, and yolk integrity, which are essential 
for embryo development and consumer acceptance 
(Stadelman, 1977; King’ori, 2012). The poultry 
breeding industry increasingly focuses on genetic 
selection to enhance egg quality traits (Bain, 2005). 
Environmental conditions such as temperature and 
management practices also influence egg quality 
(Sauter et al., 1954; Washburn, 1979). Specifically, 
internal egg quality, including albumen thickness 
and yolk integrity, significantly impact both embryo 
development and consumer satisfaction (Narushin 
and Romanov, 2002; Sekeroglu and Altuntas, 2009). 
Given the importance of egg quality in backyard poultry 
farming, regular assessment of egg quality parameters 
is recommended to ensure the production of high-
quality eggs (Sreenivas et al., 2013). This study aimed 
to evaluate various external and internal egg quality 
parameters in Aseel and Kadaknath chickens.
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Importance of genetic parameters in poultry 
breeding
Estimation of genetic parameters, such as heritability, 
genetic and phenotypic correlations is crucial for 
effective and successful breeding programs in poultry 
(Falconer & Mackay, 1996). These parameters provide 
valuable insights into the heritable nature of traits and 
the relationships between them.

Optimizing production traits
The aim of poultry breeding is to achieve optimal 
production parameters during the growth and laying 
periods. This involves traits related to meat production, 
egg production, or both. Knowledge of genetic 
parameters helps breeders select birds with desirable 
traits and create breeding strategies that maximize 
genetic progress over generations.

Impact on breeding strategies:
By understanding how traits are inherited (heritability) 
and how they interact (correlations), breeders can 
design targeted selection programs. Effective breeding 
strategies consider both genetic progress in the 
targeted trait and potential unintended consequences 
in correlated traits (Falconer and Mackay, 1996; 
Rajkumar et al., 2018)

MATERIALS AND METHODS
The study followed standards guidelines approved 
by the Institutional Animal Ethics Committee (IAEC), 
LUVAS, Hisar.

Source of data 
The relevant data for the present investigation was 
collected from Aseel and Kadaknath population, 

maintained at the poultry farm of Department of 
Animal Genetics and Breeding, LUVAS, Hisar. The chicks 
were brooded and reared hatch-wise. The progenies 
were produced in different hatches. All the chicks 
were pedigreed; wing banded at the time of hatching, 
and reared hatchwise using standard managemental 
practices. The chicks were vaccinated against Marek’s 
disease, Ranikhet, Gumboro, and Fowl pox.

Considering the non-orthogonality of the data due to 
unequal sub-class frequencies, Least Squares Maximum 
Likelihood Computer Programme of Harvey (1990) was 
utilized to estimate the effect of various non- genetic 
factors on various traits and to estimate genotypic and 
phenotypic parameters. Sire and residual variance-
covariance components for various performances traits 
was obtained by using least squares and maximum 
likelihood computer programme of Harvey (1990) 
using the following mixed model:

Y ijkl= µ +Gi + Hij+ S ik + e ijkl

Where, Yijkl, lth observation of kth sire of jth hatch 
of ith generation; µ, overall mean; Gi, fixed effect due 
to ithgeneration (i = 1, 2……g); Hij, fixed effect due to 
jth hatch in ith generation (j = 1, 2…..h); Sik, random 
effect due to kth sire in ith generation (k = 1, 2…….s) 
and eijkl, random error associated with each and 
every observation and assumed to be normally and 
independent distributed with mean zero and variance 
σ2e. Paternal half-sib correlation method was used 
to estimate heritability of the traits under study. The 
standard error of heritability was obtained from the 
formula given by Swiger et al., 1964. 

Traits to be studied
Egg quality traits

I. Egg weight at 40week (g) VIII. Yolk weight (g)
II. Specific gravity IX. Albumen weight(g)
III. Shape Index (%) X. Shell weight (g)
IV. Yolk color XI. Yolk percentage (%)
V. Haugh unit score XII. Albumen percentage (%)
VI. Albumen index (%) XIII. Percentage of shell (%)
VII. Yolk index (%) XIV. Yolk to albumen ratio

Egg quality traits were calculated using the following 
standard procedures (Fayeye et al., 2005). Egg weight 
was determined using an electronic scale, while egg 
length and width were measured with a Vernier 
Callipers. The weights of albumen, yolk and shell were 
recorded and expressed as gram.

Measurement of external parameters
A digital balance was used to weigh each egg to the 
nearest 0.01 g accuracy. A digital Vernier calliper was 
used to measure the length and width of the egg, and the 
shape index was calculated by multiplying the width to 
length ratio by 100. The inner shell membranes of the 
shells were removed and dried for 24 h in the open air so 
as to estimate the shell weight. All of the dried shells were 
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weighed using a digital balance. Shell ratio was calculated 
by dividing shell weight by egg weight. The thickness 
of 4 portions of shells randomly were measured to the 
nearest 0.01 mm using screw gauze, one from each of the 
2 ends (broad and narrow end) and 2 from the body of 
the eggs, and the average thickness was calculated. Yolk 
color was measured using DSM Yolk Color.

Measurement of internal parameters
A Vernier caliper was used to measure the length and 
width of the albumen and yolk in millimetres. Albumen 
height was measured randomly at 3 or 4 places and 
averaged.
Shape index: A Vernier calliper was used to measure 
the width and length of each egg. The shape index was 
calculated by ratio of maximum width and length of 
egg multiply by 100. 
Shell thickness: After removing the shell membrane, 
the weight of the egg shell was measured using an 
electronic weighing balance. Screw Gauge was used 
to determine the thickness of the shell. Membrane-
removed portions of shell were collected from 3 
locations for this purpose, and the average shell 
thickness was used as the final reading.
Albumen index: With the aid of a Vernier Caliper, the 
maximum length and width of thick albumen were 
measured. Height of thick albumen was calculated 
between yolk and the outside border of thick albumen, 
avoiding chalaza. After correcting for the zero error on the 
plain glass plate, albumen height was measured with the 
assistance of a tripod spherometer with a least count of 
0.001 mm. The albumen index was calculated by ratio of 
average height and width of albumen egg multiply by 100.
Yolk index: the yolk’s height was measured using a 
tripod spherometer, and its width was measured using 
a Vernier calliper. The formula used to calculate yolk 
index was ratio of average height and width of yolk 
multiply by 100.
Haugh unit: The Haugh unit is the product of the log of 
albumin height and egg weight, and it is derived using 
Raymond Haugh’s (1937) formula:
HU = 100 log (H – 1.7w 0.37 + 7.56)
where; H = Albumin Height(cm); W = Egg Weight(g).

RESULTS AND DISCUSSION
The analysis of variance and least squares means along 
with standard errors to identify the effect of non-
genetic factors on the observed on egg quality traits 
are given in Tables 1, 2 and 3, respectively.

Effect of non-genetic factors:
Non-significant effect of hatch was seen on egg 
quality traits of both the breeds. Higher yolk index Ta
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Heritability estimates for egg quality traits in 
Aseel and Kadaknath
Heritability estimate ranged from moderate to high 
for most of the of egg quality traits traits in Aseel and 

Kadaknath. Lowest heritability estimate was observed 
for yolk weight, 0.14±0.15 and albumen percentage 
0.14±0.15 in Aseel and Kadaknath, respectively. High 
heritability estimates were observed for traits like 

Table 2: Hatch-wise least-squares means of egg quality traits along with standard errors in Aseel

Trait µ Hatch 1 Hatch 2

Egg weight (40wk)g 44.76±0.21 43.21±0.35 44.06±0.12

Shape index (%) 75.61±0.32 75.29±0.38 75.93±0.56

Albumen index (%) 0.06±0.23 0.06±0.25 0.06±0.32

Yolk index (%) 0.43±0.01 0.44±0.01 0.45±0.01

Shell weight (g) 3.93±0.05 3.94±0.06 3.92±0.08

Yolk weight (g) 16.82±0.14 16.73±0.17 16.9±0.25

Albumen weight (g) 23.99±0.32 23.91±0.38 24.07±0.54

Albumen percentage (%) 53.51±0.36 53.49±0.43 53.54±0.63

Yolk percentage (%) 37.74±0.31 37.7±0.37 37.79±0.54

Shell percentage (%) 8.80±0.1 8.83±0.13 8.78±0.19

Specific gravity 1.06±0.03 1.06±0.03 1.06±0.04

Yolk –Albumen ratio 0.71±1.06 0.70±1.28 0.71±1.87

Haugh Unit 72.42±1.07 72.38±1.17 72.46±1.48

Yolk color 8.01±0.03 8.05±0.02 7.8±0.02

Table 3: Hatch-wise least-squares means of egg quality traits along with standard errors in Kadaknath

Trait µ Hatch 1 Hatch 2 Hatch 3

Egg weight (40wk) 40.54±0.3 39.59±0.47 41.49±0.43 40.49±0.13

Shape index (%) 74.42±0.36 74.72±0.53 74.12±0.49 73.12±0.29

Albumen index (%) 0.067±0.1 0.082±0.16 0.054±0.14 0.064±0.34

Yolk index (%) 0.44±0.01 0.45±0.02 0.43±0.12 0.43±0.12

Shell weight (g) 3.69±0.60 3.73±0.61 3.65±0.16 4.02±0.23

Yolk weight (g) 15.37±1.24 15.03±1.90 15.71±1.27 14.88±1.01

Albumen weigh t(g) 21.58±5.66 21.08±3.34 22.07±3.37 22.07±3.07

Albumen percentage (%) 53.16±0.38 52.88±0.59 53.43±0.55 53.40±0.52

Yolk percentage (%) 37.8±0.36 37.78±0.54 37.83±0.51 36.13±0.45

Shell percentage (%) 10.67±0.09 10.72±0.15 10.62±0.13 9.62±0.15

Specific gravity 1.05±0.03 1.04±0.23 1.06±0.25 1.05±0.42

Yolk –albumen ratio 0.71±0.15 0.71±0.17 0.71±0.16 0.69±0.16

Haugh unit 72.47±0.47 79.26±0.72 68.69±0.67 70.69±0.67

Yolk color 6.73±0.07 6.66±0.11 6.80±0.11 6.80±0.23

and yolk percentage in the Kadaknath were observed, 
whereas the Aseel breed had a higher shape index, 
higher albumen index and higher yolk-to-albumen 
ratio, egg specific gravity and higher albumen and 

shell percentages. The least squares mean and 
standard error of various egg quality traits are 
presented in Tables 2 and 3 for Aseel and Kadaknath, 
respectively.
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Least-squares means of egg quality traits along 
with standard errors in Aseel and Kadaknath
The information on egg quality traits in Aseel and 
Kadaknath chickens is scanty due to less availability 
of eggs and low production potential of hens. Non-
significant effect of hatch was seen on egg quality 
traits of both the breeds. Higher yolk index and yolk 
percentage in the Kadaknath were observed which is 
accordance to the established fact that the smaller the 
size of eggs, the higher will be the proportion of yolk 
and the smaller will be the proportion of albumen 
(Tharrington et al., 1999) whereas the Aseel breed had 
a higher shape index, higher albumen index and higher 
yolk-to-albumen ratio and higher albumen percentage. 
Eggs from the Aseel breed had a higher specific gravity, 
indicating a better shell quality, and this was reflected in 
a higher percentage of shell weight. Similar results were 
observed by Singh et al.,(2000b), Ali and Anjum (2014) 
for shape index, Pandian et al., (2011), Premavalli et al., 
(2016) for yolk index, Pandian et al., (2011), Rajkumar 
et al., (2017) for albumen percentage, Sohail et al., 
(2013) for Haugh unit score, Rajkumar et al., (2017) for 
yolk color in Aseel. On the contrary higher estimates 
were observed by Pandian et al (2011), Haunshi et al 
(2011), Sohail et al., (2013), Rajkumar et al., (2017) for 
shape index, Pandian et al., (2011), Premavalli et al., 
(2016) for albumen index, Haunshi et al., (2013) for 
yolk index, Haunshi et al., (2011) for albumen weight, 

yolk weight. The overall value of these parameters 
reported in our study was not very high as compared 
to previous studies, which may be reduced as age of the 
bird advances (Niranjan et al., 2008; Rajkumar et al., 
2010). Pandian et al., (2011) observed higher specific 
gravity than the present study in Aseel. Higher shape 
index in the present study indicates more uniform egg 
shape and size while lower albumen weight was due 
to the lower egg weights observed in the present study. 
Chatterjee et al., (2007) and Pandian et al., (2014) 
observed similar values for shell weight, albumen 
percentage, shell percentage, haugh unit score. Higher 
haugh unit score was observed by Usman et al., (2014). 
Similar results were observed by Jaishankar et al., 
(2020) for shape index, Haunshi et al., (2013) for yolk 
index and Parmar et al., (2006) for haugh unit score. On 
the contrary higher values were observed by Jaishankar 
et al., (2020) for albumen index, yolk index, albumen 
weight, yolk weight, shell weight, albumen percentage, 
yolk percentage, shell percentage and haugh unit score 
for Kadakanth.

Heritability estimate of egg quality traits in Aseel 
and Kadaknath
Heritability estimate ranged from moderate to high for 
most of the of egg quality traits in Aseel and Kadaknath. 
Lowest heritability estimate was observed for yolk 
weight, 0.14±0.15 and albumen percentage 0.14±0.15 
in Aseel and Kadaknath. High heritability estimate 

Table 4: Estimate of heritability along with their standard errors among various egg quality traits in Aseel 
and Kadaknath

Trait Aseel Kadaknath
Egg weight (40wk)g 0.12±0.14 0.11±0.14

Shape index (%) 0.22±0.18 0.42±0.21

Albumen index (%) 0.19±0.31 0.19±0.16

Yolk index (%) 0.23±0.18 0.44±0.21

Shell weight (g) 0.30±0.19 0.64±0.25

Yolk weight (g) 0.10±0.15 0.34±0.19
Albumen weight (g) 0.52±0.24 0.32±0.19
Albumen percentage (%) 0.35±0.2 0.01±0.11
Yolk percentage (%) 0.29±0.19 0.14±0.15
Shell percentage (%) 0.43±0.21 0.34±0.19

Specific gravity 0.37±0.28 0.01±0.11
Yolk –Albumen ratio 0.38±0.21 0.15±0.15
Haugh unit 0.50±0.31 0.24±0.17
Yolk color 0.53±0.31 0.28±0.18

albumen weight, albumen percentage, shell percentage, 
specific gravity, yolk albumen ratio, haugh unit and yolk 
colour viz., 0.52±0.24, 0.35±0.2, 0.43±0.21, 0.37±0.28, 
0.38±0.21, 0.50±0.31, 0.5 3±0.31, respectively in 

Aseel. In Kadaknath, high heritability estimates were 
observed for shape index, yolk index, shell weight viz., 
0.42±0.21, 0.44±0.21, and 0.64±0.25, respectively.
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was observed for traits albumen weight, albumen 
percentage, shell percentage, specific gravity, yolk 
albumen ratio, haugh unit and yolk color viz.,0.52±0.2
4,0.35±0.20,0.43±0.21,0.37±0.28,0.38±0.21, 0.50±0.31, 
0.53±0.31 in Aseel. In Kadaknath highest heritability 
estimates were observed for Shape Index, Yolk Index, 
Shell Weight viz., 0.42±0.21, 0.44±0.21, 0.64±0.2. Zhang 
et al (2005) observed higher estimates of heritability of 
albumen weight, egg shell index, egg shell thickness, egg 
shell weight, egg weight, haugh units, and yolk weight. 
Higher estimates of heritability were observed by 
John-Jaja et al., (2018) for shape index in exotic laying 
chicken. Alipanah et al., (2013) also observed higher 
heritabilities of albumen weight, yolk color, egg shell 
index, shell weight, egg weight, haugh units, and yolk 
weight which were 0.61, 0.19, 0.30, 0.54, 0.50, 0.46, and 
0.32, respectively.

CONCLUSION
Data must be standardized for various performance 
traits to nullify the effect of non-genetic factors. 
Moderate to high estimates of heritability for various 
performance traits indicated that enough scope exists 
for the improvement of these traits through individual 
as well as family selection. The results of this study will 
assist poultry breeders to identify superior quality eggs 
for breeding and improvement in next generation and 
selecting high-quality eggs for consumption.
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