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ABSTRACT
Poultry products such as chicken eggs and meat continue to have an important economic

impact and are important to the growth of a country’s economy. Moreover, poultry
products are globally consumed in greater quantities than any other source of animal
protein, because they are reasonably priced. Ross 308 broiler chicken is the best breed
of chicken nationally which was bred specifically for meat. Poultry breeders focus on egg
characteristics in their selection process for reproduction, because poor egg quality
results in economic losses during production. This study was conducted to investigate the
characteristics of egg quality traits, the correlations among these factors, how the egg
weight influences egg quality traits, and to estimate the weight of the egg from egg quality
traits in Ross 308 broiler breeder chickens. A total of 1000 eggs were purchased from
Daybreak Farm in Bela Bela Local Municipality, Limpopo province of South Africa to
conduct the study. Eight external traits of egg quality, including egg length, egg width,
shell weight, shell index, shell surface area, unit surface shell weight and shell ratio, and
five internal egg quality traits such as yolk weight, albumen weight, albumen ratio, yolk
ratio and yolk/albumen. The descriptive statistics were used to quantify the egg quality
traits, and the correlation between weight and quality traits of egg was investigated using
Pearson’s correlation, One-way Analysis of Variance (ANOVA) was applied to investigate
which egg quality traits are affected by egg weight and stepwise regression analysis was
used to come up with best fit model to predict egg weight from egg quality traits. The
descriptive statistics revealed that egg weight had a minimum and maximum value of
32.59 g and 98.25, g respectively. Egg length had a minimum value of 46.61 mm and a
maximum value of 70.36 mm, and yolk weight had a minimum value of 5.31 g and a
maximum value of 34.02 g. One-way ANOVA revealed that egg weight has a substantial
effect (p < 0.05) on egg length, egg width, shell weight, shell index, shell surface area,
unit surface shell weight, shell ratio, yolk weight, albumen weight, albumen ratio, yolk ratio
and yolk/albumen. Pearson’s correlation findings displayed that egg weight had a highly
positive, remarkable association (p < 0.01) with egg length, egg width, shell weight, unit
surface shell weight, albumen weight, yolk weight, yolk ratio and yolk/albumen. In
addition, negative correlation (p > 0.05) was identified between egg weight and shell

index, shell ratio and albumen ratio. Stepwise regression findings revealed that the model,

Vi



including yolk weight, yolk ratio, albumen ratio and albumen weight, was the best-fitted
model (R? = 1.00 and RMSE = 0.05) for estimation of egg weight. The model including
yolk weight, aloumen weight and yolk ratio was the second best (R? = 1.00 and RMSE =
0.34). The study concludes that the improvement of yolk weight, yolk ratio, albumen
weight and albumen ratio might improve the egg weight of the Ross308 broiler chicken
breed. The results of this study may be useful to farmers in considering egg quality traits

during breeding to improve the egg weight of Ross 308 broiler breeder chickens.

Keywords: Egg weight, external egg quality traits, Internal egg quality traits, yolk weight,
albumen weight, egg length.
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CHAPTER 1
GENERAL INTRODUCTION

1.1 Introduction

In the poultry industry, products such as chicken eggs and meat have an important
economic impact and are critical to the growth of a country’'s economy (Orhan et al.,
2016). South Africa is ranked as one of the leading consumers of poultry in the world,
mainly chickens. Poultry products continue to be consumed in greater quantities than any
other source of animal protein (Shi et al., 2009; Dilawar et al., 2021). This is because it is
abundantly available and reasonably priced. Poultry meat has become the main source
of protein for most parts of the world (Welelaw et al., 2018; Assefa et al., 2019). To meet
this demand, different broiler breeds/strains have been developed such as Cobb 500 and
Ross 308. Ross 308 broiler chicken is the world's best breed of chicken, which was bred
specifically for meat as a white hybrid. The chickens are fast-growing with a high meat

production, and they have excellent survival statistics (Rebolledo et al., 2023).

A chicken egg is naturally designed for the reproduction and nourishment of the
developing embryo (Shi et al., 2009). The poultry industry wants fast-growing and uniform
broiler chickens; however, the chick quality is affected by some factors, such as egg
quality. Other traits, including egg weight, size, surface area, shell integrity, and shape
index, all contribute to the physiological processes necessary for a successful hatch. One
of the most crucial egg physical characteristics that protects the embryo from harm and
unfavourable environmental conditions is the quality of the eggshell, whereas the internal
characteristics of the egg supply the embryo with nutrition (Alabi et al., 2018). Egg’s best
traits are the best criteria when breeding to increase chicken egg weight (Ukwu et al.,
2017; Khaskheli et al., 2020).

1.2 Problem statement
Poor egg characteristics on hatching eggs that result in poor hatchability and chicks are

not good from breeding stocks such as Ross 308 and Ross 508 broiler breeder chickens
(Tong et al., 2013). These factors significantly affect the egg's biological importance,

which influences the typical development of the embryo to produce a viable chick



(Kontecka et al., 2012). Egg characteristics such as egg weight influences normal embryo
development to produce viable chicks; thus, smaller eggs weight may lead to economic
losses (Kontecka et al., 2012). Poultry breeders focus on egg characteristics in their
selection process for reproduction, because poor egg quality results in economic losses
at every stage of production (Singh et al., 2020). Therefore, producing eggs with good
quality traits will result in improved embryo development (Kontecka et al., 2012), which
will lead to the production of good quality chicks (Welelaw et al., 2018). Furthermore, that
will help the farmers with improved profit margins (Alabi et al., 2018). Hence, there is a
need to improve the egg weight and egg quality traits of broiler breeders for improved

embryo development to produce viable chicks (Kontecka et al., 2012).

1.3 Rationale
The characteristics of an egg influence its embryonic development, ultimately the survival

of the hatched chick, and the future performance of the breeding stock (Kontecka et al.,
2012). Alabi et al. (2018) reported that although the chicken egg is known to have an
accessible amount of many higher nutrients that can support the embryonic growth to
hatch, the egg weight may have an impact on hatching success, and internal and external
egg quality traits. Therefore, characteristics of eggs are important for reproductive
purposes and breeding programs (Welelaw et al., 2018, Celik et al., 2018). The quality of

eggs plays an important role in chicken production (Celik et al., 2018).

Numerous studies have been conducted on the relationship between egg weight and the
internal and external egg quality traits in Southeastern Nigeria local chickens (Adeolu and
Oleforuh-Okoleh, 2011), in the indigenous Sakini chicken breed (Saroj et al., 2020) and
in French broiler Guinea fowl (Dzungwe et al., 2018). The studies revealed a significant
correlation between egg weight and egg characteristics, namely egg width, egg length,

yolk weight, albumen weight and shell weight.

Tyasi et al. (2019) conducted a study, to investigate the impact of egg weight on the
Potchefstroom Koekoek chicken genotype's egg quality characteristics, and they found
that egg weight had a significant effect on the egg quality traits such as the egg length,
yolk weight, albumen weight and shell weight. Nhan et al. (2018) observed that the egg



weight of Japanese quail had a positive impact mostly on the yolk traits and albumen
whereas on the albumen height and yolk index it had a negative impact. Singh et al.
(2020) conducted a study on indigenous chickens to evaluate the egg quality traits, and
they found that the internal and external egg qualities are very important in breeding for

improved chick quality.

However, there is limited literature on the influence of egg quality traits on egg weight of
broiler breeder chickens, like Ross 308 (Dorosti et al., 2024), Cobb 500 (Bueno et al.,
2016), Arbor Acre (Hassan and Ali, 2018), Ross 708 (Romeo et al., 2009), Novoponte
(Halgrain et al., 2024 ), CARIBRO Vishal (Chaudhary et al., 2018) and FUNAAB Alpha
(Aloe et al., 2024). Thus, there is a need to investigate the egg quality characteristics of
Ross 308 broiler breeder chickens. The results of the study will help the poultry breeders
on the egg quality traits to focus on during selection when breeding for improved egg
weight of Ross 308 broiler breeder chickens. They will also assist during breeding for
improved embryo development and production of good quality chicks, which may give

farmers improved profit margins.

1.4 Aim
The aim of the study was to quantitatively characterize and estimate the egg weight from

egg quality traits of Ross 308 broiler breeder chickens.

1.5 Objectives
Objectives of the study were:

i. To quantify the egg weight and egg quality traits of Ross 308 broiler breeder
chickens.
i. To determine the effect of egg weight on egg quality traits of Ross 308 broiler
breeder chickens.
iii. To determine the correlation between egg weight and egg quality traits of Ross
308 broiler breeder chickens.
iv. To estimate egg weight from egg quality traits of Ross 308 broiler breeder

chickens.



1.6 Research Question

i. To what extent can external morphometric measurements and internal quality
indicators be integrated into a robust mathematical model to accurately predict

the total egg weight of Ross 308 broiler breeders?
1.7 Hypotheses

i. Egg weight does not affect egg quality traits of Ross 308 broiler breeder chickens.

ii. There is no correlation between egg weight and egg quality traits of Ross 308
broiler breeder chickens.

iii. Egg weight cannot be estimated from egg quality traits of Ross 308 broiler breeder

chickens.

1.8 Thesis organization

This thesis consists of three chapters, introducing introduction (Chapter 1), a literature
review chapter (Chapter 2) which makes up literature review chapter, and a systematic
review chapter prepared as a publication article (Chapter 3). Additionally, the one
investigational chapter was prepared as a publication article (Chapter 4). The thesis is
completed with a general conclusion and upcoming studies (Chapter 5) and addendum
(Chapter 6).
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Chicken egg has a naturally occurring structure that facilitates reproduction and supplies
the growing embryo with nutrients for nourishment (Shi et al., 2009; Alabi et al., 2018). In
poultry flocks, collecting plenty of eggs with good quality characteristics like normal
structure, ideal morphological composition, and interior quality is important; because they
have a huge influence on the developing embryo (Kontecka et al., 2012). Alabi et al.
(2018) also reported that the external and internal quality of eggs have an influence on
the hatching success of the egg. Egg quality is a broad phrase referring to a number of
criteria that specify both external and internal quality (Hegab and Hanafy, 2019). The
albumen, Haugh unit, yolk quality, and the existence of blood and meat stains are the
factors that determine its internal quality whereas external quality is determined by egg
weight, egg size, shell strength, shell weight and shell thickness (Ahmadi et al., 2011).
Egg quality characteristics are important in the poultry production industry and breeding
strategies (Welelaw et al., 2018). The current review will focus on the broiler production
industry, external and internal egg quality traits and their association with egg weight.
Lastly, the influence of age and egg weight on egg quality traits.

2.2 Broiler production industry

The global broiler industry is expanding yearly. In 2018, it was recorded that poultry
exceeded pork as the most consumed meat (Brevik et al., 2020). The poultry industry
wants fast-growing and uniform broiler chickens (Rebolledo et al., 2023). In South Africa,
the poultry industry is the largest single contributor to the agricultural sector. Broiler
production dominating the poultry industry as the main supplier of protein (Mdletshe and
Obi, 2023). Welelaw et al. (2018) reported that chicken products are the main affordable
sources of animal protein, making it easy for rural households to purchase. Broiler chicken
production is time-efficient and adaptable to market changes (Brevik et al., 2020). They
grow quickly, reaching market weights of 2 or more kilograms at less than seven weeks
of age (Kpomasse et al., 2021). Thus, chicken production is vital to meet food security by

producing a high-quality animal source of protein (Welelaw et al., 2018).
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2.3 Ross 308 broiler breeder
The Ross 308 (Figure 1) is globally recognised as a broiler that gives consistent

performance in the broiler house, producing a high number of eggs with good hatchability
(Ross, 2018). Alzawaqari et al. (2018) reported that broiler breeder Ross 308 chickens
reach their maximum production in the second and third stages of production and have a
higher percentage of double yolk eggs and mortality, and they give the highest double

yolk eggs in the third stage and the fewest in the last two production stages.

Figure 2.1: Ross 308 broiler breeder chicken (Ross, 2018).
2.4External egg quality traits

An egg's external quality can be evaluated in multiple ways; external traits such as egg
and shell weights, cleanliness, shell colour, shell breaking strength, egg size, and shell
thickness are among the crucial ones (Walkite et al., 2019). In poultry production, the size
and quality of the eggs are crucial factors (Dinesh et al., 2022). Egg weight affects every
component of the egg. Therefore, it is considered one of the most crucial traits (Tumova
et al., 2009). Egg weight varies greatly based on several factors, including breed, age of
the chicken, and temperature of the surrounding environment (Ledvinka et al., 2012). The
weight of an egg varies from 35 to 65 g in Africa (Ledvinka et al., 2012). The weight of
the eggs increases as the chicken ages (Walkite et al., 2019); another factor that
influences egg weight is the weight of the hen. Heavier hens lay heavier eggs (Ledvinka

et al., 2012). Studies have revealed that eggs laid in the morning have a heavier weight

8



than eggs laid later in the day, but the qualities of the eggshell are better (Tumova et al.,
2009).

Egg shell is both rigid and porous but resistant to pathogens when kept dry and resistance
to moisture loss through evaporation (Walkite et al., 2019). Quality of the eggshell is
described by its actual thickness, weight and weight ratio, and strength (Ledvinka et al.,
2012). One of the most essential traits of eggs is their shell quality, because the embryo's
development and gas exchange are facilitated by the incubation environment that the
eggshell provides (Alabi et al., 2018; Rebolledo et al., 2023). A shell should be strong
enough to withstand a fair amount of handling without cracking, as weaker shells result
in a higher percentage of damaged eggs, which raises economic losses (Walkite et al.,
2019). Alabi et al. (2018) reported that external traits contribute to the physiological

processes necessary for eggs to successfully hatch.

2.5 Internal egg quality traits

The internal egg quality can be studied by its albumen, yolk, and possible components of
flesh or blood (Walkite et al., 2019). The interior of chicken eggs consists of the yolk and
albumen (Dinesh et al., 2022). One of the internal traits of hatching eggs that is crucial to
the embryonic growth and hatchability is albumen (Alabi et al., 2018). The albumen
contains more protein than the yolk and has a significant impact on the overall quality of
the inside of an egg (Walkite et al., 2019). The main measures used to characterize
albumen quality are Haugh units, which indicate the quantity of albumen and egg weight
(Ledvinka et al., 2012).

Immediately after the egg is laid, its interior quality starts to deteriorate (Dinesh et al.,
2022). For optimal growth, chicken embryos primarily depend on nutrients found in the
yolk and albumen (Alabi et al., 2018). Yolk quality is determined by the colour, texture,
firmness, and smell of the yolk (Walkite et al., 2019).

2.6 Association between egg weight and egg quality traits

Ayorinde and Toye (2021) showed that body weight had a remarkable negative

correlation with shell thickness and a non-significant association with egg weight. Shi et
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al. (2009) reported that egg weight had a significant correlation with alboumen weight, yolk
weight and shell weight in the partridge (Alectoris Chukar). The study further reported that
there are limited studies about the correlation between egg weight and various traits of
egg quality, including yolk colour, yolk percentage, albumen percentage, Haugh unit,

albumen height, shell index, shell colour, strength and thickness.

It was reported by Alkan et al. (2014) that there was no significant relationship between
egg weight and eggshell index in the partridge (Alectoris Chukar). The study further
indicated that in many studies carried out on chickens, researchers reported a negative,
although not always significant, correlation between the egg shape index and its weight.
Alkan et al. (2014) moreover reported, in a study conducted on partridges (Alectoris

Chukar), a significant positive correlation between the shape of eggs and their weight.

Tyasi et al. (2022) reported that egg weight had positively significant correlations with egg
length, albumen weight, and shell weight in Potchefstroom Koekoek Chickens, indicating
that improving egg weight might also be achieved by increasing egg length, albumen
weight, and shell weight of Potchefstroom Koekoek chickens. Alkan et al. (2013) indicated
that egg weight had a significant correlation with the albumen ratio and yolk weight. Ukwu
etal. (2017) in Nigerian Isa Brown egg layer chickens and Saroj et al. (2020) in indigenous
Sakini chickens also found a link between egg weight and internal egg quality traits such

as the yolk weight, albumen weight, albumen ratio and egg volume.

2.7 Influence of egg weight on egg quality traits

Egg weight is among the important traits that influence egg quality, the egg size and
internal quality of an egg, which are important for both hatching and table eggs (Shi et al.,
2009; Alkan et al., 2014), and it is well accepted that egg size positively influences
incubation success and embryonic survival (Hegab and Hanafy, 2019). Egg size
influences eggshell characteristics and external egg quality traits (Hegab and Hanafy,
2019). Sekeroglu and Altuntas (2008) reported that the egg weight influenced the
eggshell thickness and albumen height, with the medium eggs having significantly higher
eggshell thickness and extra-large eggs having a significantly lower eggshell thickness in

the brown-egg layer strain of Lohmann hens.
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Egg weight had no significant effect on the albumen ratio and yolk ratio in Potchefstroom
Koekoek layers (Tyasi et al., 2022). The study also found that compared to medium and
large eggs, small eggs had higher egg length, albumen weight, yolk weight, shell ratio,
and shell weight. Shi et al. (2009) reported that egg weight significantly affected the shape
index, shell thickness, yolk weight percentage, albumen weight percentage, albumen
height and Haugh unit in the brown-egg layer strain of Nike. Additionally, shape index,
shell thickness and albumen weight percentage increased with an increase in egg weight,
but the percentage of yolk weight decreased as egg weight increased. The albumen
height shifted from low to medium to high in the order of medium eggs, small eggs and
large eggs, respectively. Whereas the Haugh unit was low in medium-sized eggs, medium

in large eggs, and highest in small eggs.

A study conducted on Broiler breeders by Igbal et al. (2017) found that egg weight did not
significantly affect the albumen and yolk weight percentage; however, it affected the
shape index. Furthermore, another study showed that egg Haugh unit, yolk index,
albumen width, unit surface shell weight and shape index were not significantly affected
by egg weight. Whereas egg weight had a substantial impact on egg length, egg breadth,
shell weight, shell thickness, shell surface area, egg volume, yolk weight, yolk height, yolk
width, yolk ratio, albumen height, aloumen length, albumen weight, albumen index,

albumen ratio, and yolk/albumen ratio (Alkan et al., 2014).

2.8 Conclusion

Egg quality is determined by both its external and internal factors. The internal quality is
determined by the albumen, Haugh unit, yolk quality and the presence of blood and meat
spots in the egg, and the external quality is determined by egg size, weight, shell strength,
shell weight and shell thickness. However, the literature is not conclusive on the
characterization of Ross 308 and estimation of the egg weight from egg quality traits of
Ross 308 broiler breeder chickens. These attributes contribute a lot towards hatching of
the egg, which is why they need to be given attention at all stages of production. One
attribute may influence the other in a good or bad way, like the influence of egg weight

and age on the egg quality traits.
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CHAPTER 3
Systematic review on egg quality characteristics of broiler breeder chickens

3.1 Abstract

Egg quality characteristics influence the performance parameters such as hatchability of
broiler breeder chickens. To improve production of broiler breeder chickens, egg quality
characteristics require attention. The objective of the current study was to systematically
review the literature published on egg quality characteristics of broiler breeder chickens.
Four databases such as PubMed, Web of Science, ScienceDirect and Google Scholar
were used for searching articles. A total of thirteen articles (n = 13) investigated nineteen
egg quality characteristics were found published between the year 2005 and 2024 from
Canada, Nigeria, Brazil, Belgium, India, Ghana, Iran, Irag, Netherlands and China. The
results indicated the range of egg weight (53.80 g to 97.05 g), shell weight (5.22 g to
12.09 g), albumen weight (34.2 g to 63.3 g), yolk weight (14.71 g to 31.68 g), Haugh Unit
(66.94 to 96.29), albumen weight (34.2 g to 63.3 g), yolk weight (14.71 g to 31.68 g) and
egg length (5.38 mm to 5.87 mm). The limitation of the study is that some of the articles
did not mention the age of the chickens which makes it difficult to make conclusion per
age. In conclusion, egg quality characteristics of broiler breeder chickens had variations
on different breeds showing that there might be other factors influencing that such as
breed, age and environment factors. More studies need to be conduct on egg

characterisations to include many egg quality characteristics.

Keywords: Albumen weight, characterization, egg weight, Haugh Unit, shell thickness.

3.2 Introduction
The broiler industry accounts for over 39% of global meat production (Kpegah et al.,

2024). However, the production of chicken meat needs to be optimized to meet the
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demand due to the increase in the human population (Alo et al., 2024). As stated by
Kpegah et al. (2024), egg quality characteristics require attention to improve broiler
production. The quality of hatched chicks depends on egg quality characteristics,
including egg weight, shell weight, egg length, yolk weight, albumen weight and Haugh
unit (Biesek et al., 2023). Alo et al. (2024) indicated that egg characteristics influence the
performance parameters of broilers, and hatching success of an egg depends on the egg
quality characteristics. However, to the best of the authors’ knowledge, there is no
comprehensive systematic review on egg quality characteristics on broiler breeder
chickens. As such, the objective of the study was to systematically review the literature
published on egg quality characteristics of broiler breeder chickens. This study will assist

in highlighting the egg quality characteristics of broiler breeder chickens.

3.3 Materials and methods

3.3.1 Eligibility criteria
Identification of the Population, Exposure, and Outcomes (PEO) components of the
research question was performed for this systematic review. The population was defined
as “broiler breeder chickens”, with no exposure and outcomes of “egg quality
characteristics”. Prior to conducting the study, an initial search of the PEO elements on

Google Scholar, ScienceDirect, PubMed, and Web of Science was conducted.

3.3.2 Literature search
The literature search for the research publications was done through the use of four data

base Google Scholar, PubMed, ScienceDirect, and Web of Science from 2005 to 2024;
where the following keywords were made use of: “egg quality characteristics/egg quality
traits, egg quality determinants/egg quality attributes™ and "broiler breeder chickens/

broiler breeder strain/ broiler breeder genotype’.

3.3.3 Inclusion criteria
Titles and abstracts found using the search strategy were manually screened to recognize

articles that were potentially relevant. Articles were included in this systematic review

provided that they included egg quality characteristics of broiler breeder chickens.
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3.3.4 Exclusion criteria
Studies that were not published in English, the ones using a different species other than

chickens, missing one of the keywords, not studying egg quality characteristics and the

duplicate studies were also excluded.

3.3.5 Data extraction
The content was extracted independently by the authors. The authors reached a general

agreement regarding all key items. The articles that met the criteria had: author, year of

publication, country, broiler breed and egg quality traits.

3.4 Results

3.4.1 Searched results
Figure 1 represents the flow chart of the identification and selection of studies for the
systematic review. In the primary search, a total of seventy-four (n = 74) articles were
retrieved. After excluding seven (n = 7) duplicate publications, sixty-seven (n = 67) articles
remained. The articles were screened for title and abstract; thirty-two (n = 32) articles
were removed. About twenty-seven (n = 27) articles were selected for full-text search and

eligibility verification, and a total of thirteen (n = 13) articles were included in this

systematic review.
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Figure 3.1: Flow chart of identification and selection of studies used in the systematic review

3.4.2 Characteristics of included articles
The characteristics of the thirteen included articles (n = 13), which were accessed and

selected as meeting the criteria for inclusion in the review, are presented in Table 1. The

selected articles ranged from the year 2005 to 2024. These studies were from ten different
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countries (n = 10), Canada ranking first with three studies (n = 3), followed by Nigeria with
two studies (n = 2); the other countries only had one study each, as shown in Table 1. A
total of twelve different chicken breeds (n = 12), including FUNAAB-alpha, Cobb 500,
CARIBRO-Vishal, Ross 308, Novoponte, Ross 708, Arbor Acres, SA51A, SA31L,
Ascites-resistant dam line (DAR), Ascites-sensitive dam line (DAS), and Ascitessensitive
sire line (SASL) chicken breeds, were used within the reviewed articles. All included
articles investigated egg quality characteristics of broiler breeder chickens, with egg

weight being investigated in all reviewed articles.

Table 3.1: Characteristics of included articles

Authors Years  Country Chicken breed Egg characteristics

Alo et al. 2024 Nigeria FUNAAB-alpha Egg weight, egg length, egg
width, albumen thickness,
albumen diameter, yolk

diameter, and Haugh unit.

Bueno et al. 2016 Brazil Cobb 500 Egg weight, shape index,
shell weight, shell thickness,
egg width, egg length, and
egg specific gravity.

Chaudhary et 2018 India CARIBRO-VISHAL Egg weight, shell colour,
al. shell thickness, albumen
index, Haugh unit, yolk index,

shape index and yolk colour.

Dorosti et al. 2019 Iran Ross 308 Egg weight, shell weight, yolk
weight, albumen weight,

Haugh unit, and albumen pH.

Halgrain et al. 2024 Canada Ross 308 and Egg weight, yolk weight,
Novoponte albumen weight, and shell

weight.
Hassan and Ali 2018 Iraq Ross 308 and Arbor Egg weight, Shell weight,
Acres yolk weight, albumen weight,

albumen height, yolk height,
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yolk diameter, shell

thickness, shape index, and

Haugh unit.

Heijmans etal. 2022 Netherlands Ross 308 Egg weight, shell breaking
strength, albumen height,
and shell thickness.

Yang et al. 2020 China Ross 308 Egg weight, albumen height,
Haugh unit, yolk colour, and
yolk ratio.

Kpegah et al. 2024 Ghana SA51A and SA31L Egg weight, egg height, egg
width, albumen height,
albumen weight, yolk colour,
shell thickness, and vyolk
weight.

Romero et al. 2009 Canada Ross 708 Egg weight, albumen height,
yolk weight, shell weight,
albumen weight, and Haugh
unit.

Tona et al. 2005 Belgium Ascites-resistant dam Egg weight, yolk weight,
line (DAR), ascites- albumen height, Haugh unit,
sensitive dam line yolk weight, albumen weight,
(DAS), and and albumen pH.
ascitessensitive  sire
line (SASL)

Ulmer-Franco 2010 Canada Cobb 500 Egg weight, shell weight, yolk

et al. weight, albumen weight, dry
yolk weight, and dry albumen
weight.

Biesek et al. 2023 Nigeria Arbor Acres Albumen  diameter, egg

weight, yolk diameter, yolk
weight, albumen height,
Haugh wunit and albumen

weight.
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3.4.3 Publications by year
Figure 2 below shows the publication by year of included articles (n = 13) in the current

systematic review. The findings showed that the included articles were published from
the year 2005 to 2024. Most of the articles were published in 2024, with 3 out of 13
included articles (Alo et al., 2024; Halgrain et al., 2024; Kpegah et al., 2024), followed by
2018 (Chaudhary et al., 2018; Hassan and Ali, 2018). The other years (2005, 2009, 2010,
2016, 2019, 2020, 2022, and 2023) had 1 article each out of 13 included articles.

/

2 /

/\ /
/ N\ /

1

Number of publications

0,5

O T T T T T T T
2005 2009 2010 2016 2018 2019 2020 2022 2023 2024

Year

Figure 3.2: Publications by year

3.4.4 Publications by country
Publications by country of included articles in the current systematic review are shown in

Figure 3. The results of this systematic review indicated that the included studies were
published from ten different countries (n = 10) worldwide. The results indicated that
Canada had the highest number of articles (n = 3), followed by Nigeria (n = 2), and Brazil,
Belgium, India, Ghana, Iran, Iraq, Netherlands and China had the least number of articles

(n =1) each.
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Figure 3.3: Publications by country

3.4.5 Publications by breed
Figure 4 below shows the chicken breeds that were investigated in the included articles.

The results indicated that out of the 12 investigated chicken breeds, the Ross 308 chicken
breed was the most investigated breed with five articles (n = 5). Arbo Acres and Cobb
500 chicken breeds were the second most investigated chicken breeds with two articles
(n = 2) each. The remaining chicken breeds, such as Funaab-Alpha, Caribo-Vishal, DAR,
DAS, SASL, SA51A, Ross 708, Novoponte and SA31 had one article (n = 1) each.
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Figure 3.4: Publications by breed

3.4.6 Publication by journals
Article distribution per journals is shown in Figure 5. The results showed that most of the

included articles were published in the Poultry Science, with eight articles (n = 8), and the

other twelve journals used had one article (n = 1) each.

25



Journal of Applied  Journal of Basic and

Animal Research Applied Sciences Nigerian Journal of
Ghananian Journal of 5% 5% Animal Production
Animal Science 5%

5%
VETERINASKI ARHIV
5%

Poultry Science

40%

Animals
5%

Diyala Agricultural
Sciences Journal
5%

Journal of Livestock
Science
5%

Livestock Research
for Rural Development
5%

Asian-Australasian

Journal of AnimalTurkish Journal of Trends iq Agricultural
Sciences Veterinary and Animal Sciences
5% Sciences 5%

5%

Figure 3.5: Publication by journals

3.4.7 Studied internal egg quality traits
Figure 6 below shows the internal egg quality traits studied in the included articles of the

current systematic review. The results showed that about 14 egg quality traits were
studied in the included articles. Yolk weight being the most studied internal egg quality
trait with nine articles (n = 9), followed Haugh unit and albumen weight with eight articles
(n = 8) each, albumen height with seven articles (n = 7), yolk colour and yolk diameter
with three articles (n = 3) each, albumen diameter, and albumen pH with two articles (n =
2) each, while the least studied were albumen thickness, albumen index, yolk index, yolk

ratio, yolk height and dry yolk weight with one article (n = 1) each.
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3.4.8 Studied external egg quality traits
Figure 7 below shows the external egg quality traits studied in the included articles in the

current systematic review. The results showed that about ten egg quality traits (n = 10)
were studied in the included articles. Egg weight being the most studied external egg
quality trait with thirteen articles (n = 13), followed by shell weight with six articles (n = 6),
shell thickness with five articles (n = 5), egg width, and shape index with three articles (n
= 3) each, egg length, and shell breaking strength with two articles (n = 2) each, while the
least studied were egg specific gravity, shell colour, and egg height with one article (n =

1) each.
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Figure 3.7: External egg quality

3.4.9 Characterization of internal egg quality traits

3.4.9.1 Haugh unit
Table 3 characterises the internal egg quality traits studied from the included articles in

this review. Five (n = 5) articles out of thirteen (n = 13) articles characterised the Haugh
unit. The highest value of the Haugh unit was 96.29 (Chaudhar et al., 2018), and the
lowest value was 66.94 (Tona et al., 2005).

3.49.2 Yolk colour
Two (n = 2) articles out of thirteen (n = 13) articles characterised the yolk colour as shown

in Table 3. The highest value of the yolk colour was 8.22 (Chaudhar et al., 2018), and the
lowest value was 3.20 (Kpegah et al., 2024).

28



3.4.9.3 Albumen weight
Table 3 shows that seven (n = 7) articles out of thirteen (n = 13) articles characterised the

albumen weight. The highest value of the albumen weight was 63.3 (Ulmer-Franco et al.,
2010), and the lowest value was 34.2 (Alo et al., 2024).

3.49.4 Albumen pH
Two (n = 2) articles out of thirteen (n = 13) articles characterised the albumen pH as

indicated in Table 3. The highest value of the albumen pH was 0.54 (Tona et al., 2005),

and the lowest value was 9.19 (Dorosti et al., 2019).

3.49.5 Yolk weight
Seven (n = 7) articles out of thirteen (n = 13) articles characterised the yolk weight as

shown in Table 3. The highest value of the yolk weight was 31.68 (Dorosti et al., 2019),

and the lowest value was 14.71 (Halgrain et al., 2024).

3.4.9.6 Albumen height
Table 2 shows that two (n = 2) articles out of thirteen (n = 13) articles characterised the

albumen height. The highest value of the albumen height was 6.2 (Alo et al., 2024), and

the lowest value was 4.74 (Hassan and Ali, 2018).

Table 3.2: Characterisation of internal egg quality traits
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- : not indicated, HU: Haugh Unit, Al: Albumen index, YI: Yolk index, YC: Yolk colour, AW: Albumen weight
(g), AP: Albumen pH, YW: Yolk weight (g), AH: Albumen height (mm), DYW: Dry yolk weight (g), YH: Yolk
height (mm).

3.4.10 Characterization of external egg quality traits

3.4.10.1 Shell thickness
Table 4 characterises the external egg quality traits studied in the included articles in the

current systematic review. Five (n = 5) articles out of ten (n = 10) articles characterised
the shell thickness. The highest value of the shell thickness was 0.69 (Chaudhar et al.,
2018), and the lowest value was 0.35 (Kpegah et al., 2024).

3.4.10.2 Shell weight
Seven (n = 7) articles out of ten (n = 10) articles characterised the shell weight as shown

in Table 4. The highest value of the shell weight was 12.09 (Hassan and Ali, 2018), and
the lowest value was 5.22 Halgrain et al. (2024).

3.4.10.3 Egg width
Table 4 indicates that three (n = 3) articles out of ten (n = 10) articles characterised the

egg width. The highest value of the egg width was 4.53 (Kpegah et al., 2024), and the

lowest value was 4.14 (Biesek et al., 2023).

3.4.10.4 Egg weight
Ten (n = 10) articles out of ten (n = 10) articles characterised the egg weight as indicated

in Table 4. The highest value of the egg weight was 97.05 (Dorosti et al., 2019) and the

lowest value was 53.80 (Ulmer-Franco et al., 2010).

3.4.10.5 Egg length
Three (n = 3) articles out of ten (n = 10) articles characterised the egg length as shown in

Table 4. The highest value of the egg length was 5.87 (Kpegah et al., 2024), and the

lowest value was 5.38 (Biesek et al., 2023).
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Table 3.3: Characterisation of external egg quality traits

Author Chicken breed Age (wks) Traits
ST SW Sl EWD EW EL SC
Alo et al. (2024) FUNAAB-alpha 32 - 6.9 - 4.22 57.0 5.56 -
60 - 7.4 - 4.28 59.4 5.68 -
Bueno et al. (2016) Cobb 500 7477 0.39 6.36 0.73 - 71.3 - -
Chaudhary et al. (2018) CARIBRO- 38 0.69 - 71.63 - 60.42 - 4.00
VISHAL
Dorosti et al. (2019) Ross 308 41 - 8.54 - - 97.05 - -
Halgrain et al. (2024) Ross 308 45 0.38 5.22 - - 60.36 - -
Novoponte 33 0.42 5.96 - - 60.25 - -
Hassan and Ali (2018) Ross 308 67 0.41 12.09 62.53 - 79.85 - -
Arbor Acres 67 - - - - - - -
Kpegah et al. (2024) SA51A 36 0.35 - 77.27 4.53 60.63 5.87 -
SA31L 36 0.36 - 76.15 4.47 59.59 5.47 -
Tona et al. (2005) DAR - - - - - 64.93 - -
DAS - - - - - 62.38 - -
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SASL - - - - - 65.36 - -

Ulmer-Franco et al. (2010) Cobb 500 29 - 8.8 - - 53.80 - -
59 - 8.6 - - 71.30 - -
Biesek et al. (2023) Arbor Acres 35 - 5.61 7717 414 61.01 5.38 -

- : not indicated, EW: Egg weight (g), EL: Egg length (mm), EWD: Egg width (mm), SI: Shape index (%), SW: Shell weight (g), ST: Shell thickness
(mm), SC: Shell colour
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3.5 Discussion
Egg quality characteristics are important for the growing embryo (Ulmer-Franco et al.,

2010). Study of egg quality characteristics that influence the production of high-quality
chicks is of great interest to broiler breeders (Ulmer-Franco et al., 2010). The objective of
this chapter was to systematically review thirteen (n = 13) articles on egg quality
characteristics of broiler breeder chickens published from the year 2005 to 2024. The
results indicated that 19 egg quality characteristics were studied in the included articles.
Egg weight was the most studied egg quality characteristic, showing the highest value of
97.05 g and the lowest value of 53.80 g. The maijority of the reviewed articles emphasized
the egg weight as one of the most important egg quality characteristics, influencing the
subsequent productivity of broiler breeder chickens (Kpegah et al., 2024). Romero et al.
(2009) reported that a greater egg weight and a greater proportion of albumen provide
broilers with advantages for embryonic growth. It is known that as hen ages, egg weight
increases, shell thickness decreases, and the proportion of yolk increases at the expense
of albumen and eggshell (Uimer-Franco et al., 2010). The shell controls the exchange of
water and gases through the pores in the shell and serves as a calcium source (Heijmans
et al., 2022). The highest value of yolk weight was 63.3 g, the lowest value was 34.2 g,
and the highest value of the albumen weight was 63.3 g, and the lowest value was 34.2
g. Ulmer-Franco et al. (2010) reported that the proportions of components of the hatching
egg are also affected by egg size, with small eggs having a greater proportion of yolk than
large eggs from the same flock age. Heijmans et al. (2022) explained that both the
albumen and the yolk are important sources of protein for tissue synthesis in the growing
embryo, and the yolk is an essential source of energy. In turn, it is expected that a larger
yolk will be beneficial for chick quality (Heijmans et al., 2022). Among other factors, the
quantity and quality of nutrients, albumen and shell of the egg, are some of the factors
that determine the quality of the day-old chick (Heijmans et al., 2022). The strength of this
systematic review is based on the authors’ knowledge; it is the first systematic review
reporting on the egg quality characteristics of broiler breeder chickens. Therefore, there
is no comparison of other systematic review findings in the topic. The implication of this
systematic review is that the egg quality characteristics are differ from broiler breed to

boiler breed. The contribution of this systematic review to the body of knowledge is that
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egg quality characteristics showed different values in different broiler breeders. The
limitations of this systematic review are: (i) some of the articles did not mention the age
of the chickens which makes it difficult to conclude per age (ii) no similar data were found
to proceed to meta-analysis. This systematic review suggests that there were insufficient
studies on egg quality characteristics of broiler breeder chickens. Therefore, there is a
need to conduct more studies that will focus on investigating this topic to provide more

information.

3.6 Conclusion
In the current systematic review, the results indicated that of the egg quality

characteristics investigated, egg weight was the most characterised egg quality
characteristic in the included articles. All the studied egg quality traits showed different
values in different broiler breeders. Therefore, more research is required to characterise

more of the quality of the egg characteristics.
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CHAPTER 4
Effect of egg weight on egg quality and prediction of egg weight of Ross 308

broiler breeder chickens

4.1 Introduction

Chicken egg is a naturally designed for reproduction and nourishing the developing
embryo (Ukwu et al., 2017). In addition to being used for reproduction, chicken eggs are
an important source of food for humans (Alkan et al., 2014), which is accessible to all
social classes, regardless of wealth status (Ukwu et al., 2017). In the poultry industry,
chicken eggs are quite essential for the growth of the economy of a country (Orhan et al.,
2016). In the egg production industry, egg weight is one of the crucial traits that need
serious attention (Tyasi et al., 2022), and they must be regularly inspected for quality (Shi
et al., 2009). Shi et al. (2009) and Hegab et al. (2019), reported that among the external
and internal egg quality traits that are important for both reproduction and table eggs, egg
weight is one of the primary factors that influence internal and external egg quality traits
in poultry. Egg weight can be determined without breaking or shattering the egg and it is
directly proportional to yolk, alboumen, and shell (Shi et al., 2009; Alkan et al., 2014).
Chicken egg weight is affected by many factors such as breed, age, diseases, strain, hen
body size, water and feed consumption (Alkan et al., 2014). When determining the quality
of poultry eggs, various factors including egg weight in relation to internal and external
quality traits should be taken into consideration, because the quality of the egg affects
chick quality and future herd performance in breeding stocks (Celik et al., 2018). To the
best authors’ knowledge, there is no documented study on the effect of egg weight and
its prediction from egg quality traits of Ross 308 broiler breeder chicken breed. Hence,
the objectives of the study were i) to quantify the egg weight and egg quality traits, ii) to
determine effect of egg weight on egg quality traits iii) to quantify the egg weight and egg
quality traits, and iv) to estimate egg weight from egg quality traits of Ross 308 broiler
chicken breed. This study will help Ross 308 broiler breeder farmers on traits to focus on

when breeding for improved egg weight.
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4.2 Materials and methods

4.2.1 Eggs purchase

A total of 1000 Ross 308 broiler breeder eggs were purchased and used for this study
from Daybreak Farms at Merino Vlakte near Bela Bela town. The farm is located at 24°992
S longitude and 28°294 E latitude, and the estimated terrain elevation above sea level is
1100 meters. The maximum and minimum temperatures in this location are 30 °C and 19
°C, respectively. The farm receives annual rainfall of less than 636 mm, with most rainfall
occurring during summer (Shabalala et al., 2019). The eggs were bought during the peak
period (hens aged 30 weeks) and transported with suitable transport and a portable
refrigerator to avoid possible deterioration to the University of Limpopo Animal laboratory

for data collection.

4.2.2 Breeding stock management
The chickens were housed under intensive production conditions at Daybreak Farms.

The chicken houses were well-ventilated, where curtains opened automatically to control
the ventilation and the temperature in the chicken houses. Wood shavings were used as
bedding material in the nest boxes and on the floor. The chicken houses were cleaned
seven days before the chickens arrived and disinfected to avoid transmission of
pathogenic diseases to the chickens. The biosecurity protocols were followed in the area,
where the footbaths and hand sprays with disinfectants were placed at the door for
disinfection before entering the chicken houses. The feed and water were provided ad
libitum. Feeds, light program and other management conditions were administered to
broiler breeder chickens in accordance with Ross breeder guidelines and
recommendations (Ross Breeders, 2018). Vaccinations and medication were carried out

following the company’s comprehensive health management plan.

4.2.3 Experimental design
A completely randomized design was used. A total of 1000 eggs were randomly selected

during the purchase from the Ross 308 broiler breeder chickens. The eggs were classified
into three (3) different egg weight groups such as small egg (< 60 g), medium egg (60-69
g) and large egg (> 69 Q).
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4.2.4 External egg quality traits collection
The egg weight and external egg quality traits such as egg length, egg width and shell

weight were measured in the study as described by Kgwatalala et al. (2013). Egg weight
was measured using an electronic scale with a precision of 0.01 g, whereas egg length
and width were determined with a digital vernier calliper with an accuracy of 0.01 mm.
Shell weight was determined by weighing the shell on the electronic weighing scale. Other
external egg quality traits, including egg shape index, shell surface area, unit surface shell
weight and shell ratio, were calculated using formulas as recommended by Tyasi et al.
(2022):

Shape index (%) = (Egg width) / (Egg length) x 100

Shell surface area (cm?) = 3.9782 x egg weight?-75056

Unit surface shell weight (g/cm?) = (Shell weight) / (Shell surface area)
Shell ratio (%) = (Shell weight) / (Egg weight) x 100

4.2.5 Internal egg quality traits collection
The internal egg quality traits that were measured include egg yolk weight and albumen

weight. Internal egg quality traits were measured following the procedure of Ashraf et al.
(2016). Briefly, the individual eggs were carefully broken out, cautious not to break the
membranes that enclose the egg yolk and albumen. The egg yolk was carefully separated
from the albumen using an egg yolk separator, and the weight of the egg yolk was
determined using an electronic scale. Albumen weight was calculated by subtracting the
yolk weight and the shell weight from the whole egg weight. Other internal egg quality
traits like albumen ratio, yolk ratio, yolk/albumen and egg volume were calculated using
the formulas as indicated by Tyasi et al. (2022).

Albumen weight (g) = egg weight — (yolk weight + shell weight)
Albumen ratio (%) = albumen weight / egg weight x100
Yolk ratio (%) = yolk weight / egg weight x 100

Yolk / albumen = yolk weight / albumen weight x 100
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4.2.6 Statistical analysis
Statistical Package for Social Sciences version 29.0 (IBM SPSS, 2023) was used to

analyze the data. Descriptive statistics, One-way Analysis of Variance (ANOVA).
Pearson’s Correlation and Stepwise regression were used as statistical techniques for

data analysis. The following ANOVA model was used:

Yi=pu+ Si+ej

Where,

Yi: ji" observation (egg quality traits) of the ji" treatment (egg weight).
M: Overall mean.

Si: Effect of the it" treatment (i = age and egg weight).

eij. Residual error.

The following stepwise regression model was used:

Y =a+b1X1+.... + bnXn

Where,

Y = dependent variable (egg weight), a= intercept, b1 —bn = coefficient of regression, and
X 1 — X n = independent variables (egg quality traits). The significance was observed at
p<0.05.

4.3 Results

4.3.1 Descriptive statistics of external egg quality traits

Descriptive statistics of external egg quality traits such as egg weight (EW), egg length
(EL), egg width (EWD), shell weight (SW), shape index (Sl), shell surface area (SA), unit
surface shell weight (USW) and shell ratio (SR) are presented in Table 1. The results
indicated that SA had the highest mean value (84.95), and the lowest mean value (0.10)

was found in USW, compared to the other external egg quality traits.

Table 4.1: Descriptive statistics of external egg quality traits
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Trait Minimum Maximum Mean Standard error Standard

deviation
Egg weight 32.59 98.25 59.30 1.04 11.20
(9)
Egg length 46.61 70.36 56.09 0.41 4.44
(mm)
Egg width 23.07 51.75 42.87 0.29 3.08
(mm)
Shell weight 4.37 9.84 6.94 0.09 0.92
(9)
Shape index 37.58 82.73 76.66 0.47 5.08
(%)
Shell surface 54.37 124 .47 84.95 1.10 11.75
area (mm?)
Unit surface 0.04 0.10 0.08 0.00 0.01
shell weight
(9)
Shell ratio (%) 5.51 16.38 11.87 0.12 1.30

4.3.2 Descriptive statistics of internal egg quality traits
Descriptive statistics of internal egg quality traits such as yolk weight (YW), albumen

weight (AW), albumen ratio (AR), yolk ratio (YR) and yolk/albumen (Y/A) are presented
in Table 2. The results indicated that AR had the highest mean value (569.12), and the YW

had the lowest mean value (17.35) than the other internal egg quality traits.

Table 4.2: Descriptive statistics of internal egg quality traits
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Trait Minimum Maximum Mean Standard error Standard
deviation

Yolk weight (g) 5.31 34.02 17.35 0.47 5.00

Albumen weight 15.11 67.68 35.00 0.64 6.87

(9)

Albumen ratio 46.36 76.78 59.12 0.39 416

(%)

Yolk ratio (%) 14.94 40.23 29.01 0.40 4.25

Yolk/Albumen 21.02 86.76 49.78 1.00 10.58

(%)

4.3.3 Effect of egg weight on external egg quality traits
The effect of egg weight on external egg quality traits are shown in Table 4. The results

showed that egg weight affects all measured external egg quality traits. The results
showed that the medium egg weight group had a higher (P < 0.05) EW, EL, EWD, SW,
Sl and SA than the small and large egg weight groups.

Table 4.3: Effect of egg weight on external egg quality traits

Egg weight groups

Trait Small Medium Large

Egg weight (EW) 54.53 + 0.52¢ 62.18 + 0.50° 84.99 + 2.312
Egg length (EL) 54.18 + 0.22¢ 57.58 + 0.64° 65.97 £ 0.722
Egg width (EWD) 4210 £ 0.17° 42.59 + 1.33° 47.87 £ 0.57°
Shell Weight (SW) 6.66 + 0.07°¢ 7.24+0.13° 8.32 + 0.35?
Shell index (SI) 77.77 £0.302 74.29 + 2.69° 72.62 £ 0.85°
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Shell surface area (SA) 79.94 + 0.53° 88.28 + 0.53 111 +£2.282

Unit surface shell weight 0.08 + 0.00° 0.08 + 0.00° 0.07 + 0.00°
(USW)
Shell ratio (SR) 12.25 £ 0.112 1165+0.162  9.81 +0.38

a b ¢ means in the same row with different superscripts are significantly (P < 0.05)

different.

4.3.4 Effect of egg weight on internal egg quality traits
Table 3 presents the effect of egg weight on internal egg quality traits. The results

indicated that egg weight affected (P < 0.05) all the measured internal egg quality traits.
The results indicated that the large egg weight group had higher (P < 0.05) YW (28.16 +
1.62), YR (33.32 + 1.92) and Y/A (33.32 £ 1.92) than small and medium egg weight

groups.

Table 4.4: Effect of egg weight on internal egg quality traits

Egg weight groups

Trait Small Medium Large

Yolk weight (YW) 15.55 + 0.25° 17.48 + 0.26° 28.16 + 1.622
Albumen weight (AW) 32.31£0.352 37.46 £ 0.51° 48.51 + 2.53°¢
Albumen Ratio (AR) 59.27 + 0.36%° 60.22 £ 0.512 56.86 + 2.20°
Yolk ratio (YR) 28.47 +0.38P 28.13 £ 0.47° 33.32 £ 1.922
Yolk/albumen (Y/A) 48.50 + 0.95P 46.86 + 1.17° 33.32+1.92

a, b ¢ means in the same row with different superscripts are significantly (P < 0.05)

different.

4.3.5 Correlation matrix between external egg quality traits
The relationship between external egg quality traits of Ross 308 broiler breeder chickens

is presented in Table 5. The results indicated that EW had a highly significant positive
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correlation (P < 0.01) with EL (r = 0.92), EWD (r = 0.73), SW (r = 0.75) and SA (r = 1.00);
and negative statistical correlation with SI (r = -0.28), USW (r = -0.37) and SR (r = -0.67).

Table 4.5: Correlation between external egg quality traits

Trait EW EL EWD SW Si SA USW SR
EW 1

EL 0.927 1

EWD 0737 056" 1

SW 0.757 0.64" 0.557 1

SI -0.28" -0.54" 0.40™ -0.14 1

SA 1.00" 0.92" 0.73" 0.757 -0.277 1

Usw -0.377 -0417 -0.307 0.337 0.18 -0.37" 1

SR -0.677 -0.677 -0.49” -0.03"  0.24 -0.67" 093" 1

nS= not significant; *= Correlation is significant at the 0.05 level, **= Correlation is
significant at the 0.01 level, EW = Egg weight; EL = Egg length; EWD = Egg width; SW =
Shell weight; S| = Shell index; SR = Shell ratio; USW = Unit surface shell weight; SA =

Shell surface area.

4.3.6 Correlation matrix between internal egg quality traits
Table 6 shows the relationship between internal egg quality traits of Ross 308 broiler

breeder chickens. The results indicated that YW had a high positive correlation (P < 0.01)
with AW (r = 0.57), YR (r = 0.74) and Y/A (r = 0.71), and a negative correlation with AR (r

=-0.59).

Table 4.6: Correlation between internal egg quality traits

Trait YW

AW

AR

YR Y/A

YW 1
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AW 0577 1

AR -0.59" 0.287 1
YR 0.74"  -0.06" -0.95" 1
Y/A 0.717  -0.10" -0.96" 0.99 1

nS= no significant, **= Correlation is significant at the 0.01 level.

YW= Yolk weight; AW= Albumen weight; AR= Albumen ratio; YR= Yolk ratio; Y/A=
Yolk/Albumen
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4.3.7 Correlation matrix between external and internal egg quality traits
The relationship between external and internal egg quality traits of Ross 308 broiler breeder chickens is presented in Table

7. The results indicated that EW had a highly significant positive correlation (P < 0.01) with EL (r = 0.92), EWD (r = 0.73),
SW (r=0.75) and SA (r = 1.00); and negative statistical correlation with Sl (r = -0.28), USW (r = -0.37) and SR (r = -0.67).

Table 4.7: Correlation between internal and external egg quality traits

Trait EW EL EwWD SW SI SA USW SR YW AW AR YR Y/IA

EW 1

EL 0.927 1

EWD 0.73" 0.567 1

SW 0.76" 0.647 055" 1

SI -0.37  -0.54" 040" -0.14r 1

SA 1.00" 0.92" 0737 075" -0277 1

usw -0.377 -041" -0.26" 0.337 0.18 -0.377 1

SR -0.70" -0.70" -0.49” -0.03" 0.24 -0.677 0.937 1

YW 085" 0.82° 063" 069" -027° 085 @ -0.277 -0.537 1

AW 091" 0.82" 0.66° 058" -0.24 091" -046" -0.69" 0577 1

AR -0.12"  -0.16" -0.12"s -0.29” 0.06"  -0.12"¢ -0.18" -0.09" -0.59" 0.28" 1
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YR 0.32° 036" 0277 029" -0.13" 0.327 -0.11" -0.22° 0.747 -0.06" -0.95" 1

Y/A 028" 033" 023 0.28" -0.13" 0.28" -0.06" -0.16" 0.717 -0.10"* -0.96" 0.99" 1

"= no significant; * = Correlation is significant at the 0.05 level, ** = Correlation is significant at the 0.01 level, EW = Egg
weight; EL = Egg length; EWD = Egg width; YW = Yolk weight; AW = Albumen weight; SW = Shell weight; S| = Shell index;
SR = Shell ratio; AR = Albumen ratio; YR = Yolk ratio; Y/A = Yolk/Albumen; USW = Unit surface shell weight; SA = Shell

surface area.
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4.3.8 Prediction of egg weight

Stepwise regression exploration was conducted to fit the best model for prediction of egg

weight of Ross 308 broiler breeder chickens as shown in Table 8. The results revealed

that in the case of external traits, SA alone accounted for 100% variation in egg weight,

and the addition of other traits did not make any remarkable difference in improving the

egg weight of Ross 308 broiler breeder chickens. Further, the results showed that under

internal egg quality traits, YW alone accounted for 72% of the variation in egg weight.

Meanwhile, the inclusion of YR improved the accuracy to 95%, while the inclusion of AW

and AR improved the accuracy to 100%.

Table 4.8: Best-fitted regression models with stepwise regression analysis

Estimators Models R? MSE P-value

External traits as

estimators

SA EW =-21.60 + 0.95SA 1.00 14284.31 0.000

Internal traits as

estimators

YW EW =26.26 + 1.90YW 0.72 35.17 <0.001

YW and YR EW = 5979 + 3.08YW - 0.95 7.06 <0.001
1.86YR

YW, YR and AW EW=8.97 + 1.28YW - 1.86YR 1.00 0.34 <0.001
+ 0.96AW

YW, YR, AW and AR EW = 5872 + 1.10YW - 1.00 0.05 <0.001

0.64YR + 1.12AW - 0.67AR

EW = Egg weight, SA = Shell surface area, YW = Yolk weight, YR = Yolk ratio, AW =

Albumen weight, AR = Albumen ratio.
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4.4 Discussion
Egg quality characteristics influence the development of the embryo, egg hatchability, and

growth performance of the produced chicks (Ukwu et al., 2017). Egg weight is one of the
most important characteristics because each component of the egg depends on it
(Tumova et al., 2009). Egg weight is important in broilers because egg weight together
with other egg quality traits affect both hatchability and hatching weight of chickens Hegab
et al. (2019). Hence, this study was conducted firstly to quantify the egg weight and egg
quality traits of Ross 308 broiler breeder chickens. Descriptive statistics were used, and
the results indicated that egg weight, egg length, egg width and shell weight had a mean
of 59.30 g, 56.09 mm, 42.87 mm and 6.94 g, respectively. The findings of the present
study were similar to those reported by Abanikannda et al. (2007) on Harco-chicken layer
genotype. However, the results of Ukwu et al. (2017) on Isa Brown egg layer chickens
and Tyasi et al. (2022) on the Potchefstroom Koekoek chicken genotype are higher than
the results of the present study. These differences may be the result of breed differences,
as Khan. et al (2004) showed that the breed of the bird affects egg quality traits of
chickens. Descriptive statistics do not reveal the effect of the egg weight on the measured
characteristics; hence, the second objective reveals the effect of egg weight on the

measured traits.

The second objective was to use Analysis of Variance to examine the effect of egg weight
on the egg quality traits. The results revealed that egg weight significantly (p<0.05)
affected yolk weight, albumen weight, albumen ratio, yolk ratio and yolk/albumen. Yolk
weight and albumen weight increased with increasing egg weight. The results agree with
a study of Hegab et al. (2019), who reported similar results on Japanese Quail eggs
(Coturnix coturnix japonica). Moreover, it has been reported that egg weight influences
the internal egg characteristics in the brown egg layer strain of Nike (Shi et al., 2009).
Results of the present study disagree with the study of Tyasi et al. (2022), who reported
no effect of egg weight on albumen ratio and yolk ratio in the Potchefstroom Koekoek
chicken genotype. The results of the present study imply that yolk weight, albumen
weight, albumen ratio, yolk ratio and yolk/albumen should be considered when improving

egg weight of Ross 308 broiler breed.
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The effect of egg weight was further examined on external egg quality traits. The results
revealed a significant (p<0.05) effect of egg weight on egg length, egg width, shell weight,
shell index, shell surface area, unit surface shell weight and shell ratio. Egg length, egg
width, shell weight, shell index and unit surface shell weight increase as egg weight
increases. Shell index and shell ratio decreased with the increase in egg weight. Results
of Hegab et al. (2019) and Ukwu et al. (2017) indicate that egg weight affects the external
egg quality traits, which agree with the results of the present study. However, Alkan et al.
(2014) results indicate that unit surface shell weight is not affected by egg weight in
partridge (Alectoris Chukar), which disagrees with the present study. The variation might
be due to the difference in breed and production system, since Alkan et al. (2014) used
a cage system. These results suggest that egg length, egg width, shell weight, shell index,
shell surface area, unit surface shell weight and shell ratio should be considered when
breeding to improve the weight of the egg. Analysis of Variance does not reveal the
correlation between the measured characteristics; the third objective focuses the

correlation between the measured characteristics.

Pearson’s correlation technique was used to investigate the correlation between egg
weight and egg quality traits of the Ross 308 broiler breed, to accomplish the third
objective. The findings revealed that egg weight positively correlated with external traits,
egg length, egg width, shell weight, and unit surface shell weight, and negatively
correlated with shell index and shell ratio. The study of Alkan et al. (2014) and Tyasi et
al. (2024) agrees with the current study that the weight of the egg has a positive
correlation with egg length, egg width, shell weight and a negative correlation with shell
ratio. These results imply that egg weight might improve when improving egg length, egg

width, and shell weight, and decrease when increasing the shell ratio.

The correlation between egg weight and internal egg quality traits of Ross 308 broiler
breed was also investigated. The results revealed that egg weight has a positive
relationship with albumen weight, yolk weight, yolk ratio, yolk/albumen and a negative
correlation with albumen ratio. Hegab et al. (2019), who reported a positive correlation
between egg weight and albumen weight, which agrees with the present study. However,

Tyasi et al. (2022) reported a positive correlation between egg weight and albumen ratio,
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which disagrees with the present study. Furthermore, the results of the study also
disagree with the study of Tyasi et al. (2024), who reported a positive correlation between
egg weight and albumen ratio. These results imply that egg weight might increase when
increasing the yolk ratio, alboumen weight, and yolk/albumen, and decrease when
increasing the albumen ratio. Therefore, egg length, egg width, shell weight, unit surface
shell weight, albumen weight, yolk weight, yolk, ratio and yolk/albumen might be
employed in the selection criteria during breeding to improve egg weight of Ross 308
broiler breeder chickens. Pearson’s correlation technique does not estimate egg weight
from egg quality traits, but rather the association between them; hence, the following

objective reveals models to estimate egg weight from egg quality traits.

Stepwise regression technique was used to investigate which egg quality traits are closely
related and what percentage contributes to predicting egg weight from egg quality traits.
The regression results indicated that under external estimators, the shell surface area
alone contributed 100% to the variation of egg weight in the Ross 308 broiler breeder
chicken. Furthermore, the results revealed that the model including yolk weight, yolk ratio,
albumen weight and albumen ratio had the greatest coefficient of determination and the
least residual mean square error. Thus, it was selected as the best fit model for the
prediction of egg weight of the Ross 308 broiler breeder chicken. The results of Tyasi et
al. (2024) agree with the results of the study. Moreover, this study suggests that egg
weight might be best predicted with more egg quality traits. As a result, yolk weight, yolk
ratio, albumen weight and albumen ratio might be selected together for the prediction of
egg weight of Ross 308 broiler breeder chickens. Portillo-Salgado et al. (2021) found that
egg weight can be best predicted with egg surface area, egg polar diameter and egg
equatorial diameter, which disagrees with the results of the current study. There is a need
to conduct more studies to investigate the best-fit model for prediction of egg weight in

other broiler breeder chicken breeds.

4.5 Conclusion
Egg weight significantly influenced all the measured external and internal egg quality traits

in Ross 308 chicken. The study also revealed the correlation between weight of the egg

and its quality traits, and the results revealed that egg weight is positively correlated with
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egg width, egg length, shell weight, unit surface shell weight, albumen weight, yolk ratio
and yolk/albumen of Ross 308 broiler breeder chickens. Pearson’s correlation technique
revealed that egg weight influences yolk weight, albumen weight, albumen ratio, yolk
ratio, yolk/albumen, egg length, egg width, shell weight, shell index, shell surface area,
unit surface shell weight and shell ratio. Results of the stepwise regression revealed that
the model, including yolk weight, yolk ratio, albumen weight and albumen ratio had the
highest R? and lowest MSE. Therefore, it was selected as the best fit model for predicting
egg weight of Ross 308 broiler breeder chicken. This suggests that egg weight might be
improved by making selection based on these traits during breeding. The study would be

helpful to broiler farmers during selection to improve egg weight during breeding.
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CHAPTER 5
GENERAL CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion
The results of the current study indicated that there is a relationship between egg weight

and other egg quality traits of Ross 308 broiler breeder chickens. The studied egg quality
traits showed different findings in different broiler breeders. Thus, the study suggests that
more studies must be conducted to characterise the egg quality characteristics of other

chicken breeds.

Furthermore, the study investigated how egg weight affected the traits of egg quality and
further predicted the weight of the egg from the egg quality traits of Ross 308 broiler
breeder chickens. There is a statistically significant difference among egg weight groups
on all measured egg quality traits. Correlation between the weight of the egg and its
quality traits was revealed, and the results showed that egg weight is positively correlated
with egg length, egg width, shell weight, unit surface shell weight, albumen weight, yolk

ratio, and yolk/albumen of Ross 308 broiler breeder chickens.

Pearson’s correlation technique showed that egg weight influences yolk weight, albumen
weight, albumen ratio, yolk ratio, yolk/albumen, egg length, egg width, shell weight, shell
index, shell surface area, unit surface shell weight and shell ratio. Stepwise regression
revealed that the model, including yolk weight, yolk ratio, albumen weight and albumen
ratio, had the highest R? and lowest MSE. Therefore, it was selected as the best fit model
for predicting egg weight of Ross 308 broiler breeder chicken. This suggests that egg
weight might be improved by making selection based on these traits during breeding. The
study would be helpful to broiler farmers during selection to improve egg weight during

breeding.

5.2 Recommendations
The findings of this study suggest that yolk weight, albumen weight, egg length, egg width,

shell weight, shell index, unit surface and shell weight should be considered when

breeding for egg weight, since they increase with increasing egg weight.
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It is recommended that egg length, egg width, shell weight, unit surface shell weight,
albumen weight, yolk weight, yolk ratio and yolk/albumen be utilized in the selection

criteria during breeding to improve egg weight of Ross 308 broiler breeder chickens.

It is highly recommended that farmers who breed Ross 308 broiler chickens use the
regression model with yolk weight, yolk ratio, albumen weight and albumen ratio for

estimating egg weight using egg quality traits for greater accuracy.

There is still a need for further investigations into the use of the Stepwise regression
technique across various chicken breeds. Further research on the egg quality traits of

Ross 308 broiler breeder chickens will be useful to the broiler breeders.
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