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ABSTRACT

This study was aimed to investigate the effects of byproducts on egg quality of white
layer hens. A total of 18 hens 28-week old were brought to Animal Toxicology
Laboratory of Zoology Department, The Islamia University of Bahawalpur, Pakistan.
After habituation, hens were acclimatized with the research laboratory conditions for
seven days. A total 18 birds of white laying hens were randomly divided to three
groups each group contained six hens. The hens were kept at a photoperiod of 16 h/8
h light/dark cycle, and a room temperature of 25 °C + 2°C. Feed and water were
provided ad libitum and the experiment lasted for five weeks. Birds were offered
either a basal diet or the basal diet supplemented with 150, 170 or 190 g/kg of egg
shells and tea byproducts. As a result of this study, there were significant differences
in egg production and egg weight. The number of egg and egg weight were
significantly reduced in byproducts group. There were no significant differences in
egg length and egg white weight. However egg width and egg shell thickness were
significantly decreased in byproducts group. In summary, egg shell and tea byproducts
can be used as an alternative feedstuff in laying hen diets at inclusion levels up to 190
g/kg without any negative impact on performance and egg quality traits. Further
studies are needed to determine the level of inclusion of byproducts that does not
affect performance.

INTRODUCTION

The world has over 23 billion poultry- about three birds
per person on the planet and about five times more than
50 years ago. They are kept and raised in a wide range of
production systems, and provide mainly meat, eggs and
manure for crop fertilization. Poultry meat and eggs are
among the most common animal source food consumed
at the global level, through a wide diversity of cultures,
traditions and religions, making them key to food
security and nutrition. Eggs are considered to be a
“miracle food”, because they contain approximately 40
proteins, including antihypertensive and bactericidal
proteins, 18 different amino acids, including nine
essential amino acids, stable amino acid composition,
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optimal proportion of saturated and unsaturated fatty
acids, and no carbohydrates or trans fats (Molnér and
Sz6116si 2020). Therefore, eggs have been recognized as
a reference protein for humans and they have the same
biological value as breast milk (Damaziak et al. 2017).

The global production of table eggs has increased by
24.4% over the past decade, bringing production to 76.7
million tons in 2018, which is expected to increase
further because of the high demand for animal-originated
protein. This high demand has triggered the need for
intensive poultry production, which causes an increased
incidence of disease, chronic stress, and compromised
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production (Olobatoke and Mulugeta 2011). Over the
past decades, antibiotics have been regularly included in
layer diets to enhance the performance and prevent
diseases, with the ultimate production of safe and good
quality eggs.

At the global level, three main types of poultry
production systems can be considered which are broilers,
layers and backyard system. According to Global
Livestock Environmental Assessment Model the global
production of eggs is around 73 million tons and global
production of poultry meat is close to 100 million tons.
Based on this modeling approach, backyard systems
contribute 8% of global egg production and 2% of global
meat. The majority (92%) of poultry meat production
comes from specialized broiler systems and layers only
contribute to 6% of the total. Backyard systems make
significant contribution to eggs and poultry meat
production in Eastern Europe, South Asia, Sub-Saharan
Africa and, to a lesser extent, East Asia and Latin
America and the Caribbean (GLEAM, 2016).

Demand for animal derived food is increasing
because of population growth, rising income and
urbanization and poultry meat has shown the fastest
trend in the last decades. The average annual growth rate
for poultry meat over the last 50 years was 5% while it
was only 1.5% for beef, 3.1% for pork and 1.7% for
small ruminants (Alexandratos and Bruinsma 2012). The
biggest poultry meat producers are the United States,
with almost 20 million tons a year, followed by China,
with 18 million tons, the EU and Brazil with about 13
million tons. Global per capita consumption of eggs
increased from 4.55 kg to 8.92 kg between 1961 and
2010, while global per capita consumption of poultry
meat increased from 2.88 kg to 14.13 kg (Mottet and
Tempio 2017).

The potential feed ingredients for poultry include
green algae, whole dates and date pits and other plant
materials such as barley, oats, rye and wheat (Pourreza,
Samie and Rowghani 2007). Corn, rice tips, soybean
meal, fish meal, canola meal, rape seed meal, rice polish
and guar meal are main ingredients for poultry feed.The
addition of appropriate enzymes to feed improve
nutrients digestibility and availability for poultry.
However barley could be used without enzyme
supplementation at up to 20% of the diet in broiler
grower and finisher diets. It has no adverse effects on
weight gain, feed conversion, live ability and the yield of
broiler grown to 42 days. The use of naked oat-based
feed mixture for laying hens could improve the intensity
of egg production, increase egg weight, reduce number
of non-standard eggs and reduce cost of egg production
(Hozlar, Val¢uhova and Jancik 2014). Using 20% of
wheat screenings in broiler rations had no adverse effect
on broiler performance and that it could lead to a
decrease in ration price. The hatchery by-products can be
converted into a nutritionally-dense meal through proper
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processing and could be used as source of calcium and
protein for broilers and layers (Al-Nasser 2006).

Various enzymes are used as feed additives.
Exogenous protease supplementation is gaining in
popularity in animal nutrition with beneficial effects on
growth  performance, nutrient digestibility and
endogenous enzyme secretion (Olukosi et al. 2015).
Tannase enzyme was recently supplemented to. broiler
feed in order to improve feeding value of diets
containing field beans (Abdulla et al. 2016). Phytase
works by releasing some of the indigestible phosphorus
(and other nutrients) found in commonly used feed
ingredients and making the nutrients available for
productive purposes. Amylase digest more of the starch
found in corn thus providing more available energy.
Xylanase releases energy from the fibrous portion of
grains and grain byproducts.

Phytogenic feed additives are a group of natural
growth promoters (NGPs) or non-antibiotic growth
promoters used as feed additives, derived from herbs,
spices or other plant. Phytogenic feed additives (PFA),
are incorporated into poultry feed to enhance
productivity through the improvement of nutrients
digestibility, absorption and elimination of pathogens
residents in the animal gut (Athanasiadou, Githiori and
Kyriazakis 2007). Phytogenic products of plant origin
are natural, less toxic, residue free and ideal feed
additives for animal when compared to synthetic
antibiotics or inorganic chemicals. Phytogenic
substances have antimicrobial, antifungal antiparasitic
antiviral, antitoxigenic and insecticidal properties.
Phytogenic feed additives are either available in a solid,
dried and ground form or as extracts or essential. Humic
substances as natural growth enhancers are used for their
antioxidant, antifungal, detoxifying, and antiseptic
properties (Rath, Huff and Huff 2006). In broilers, the
benefits in body weight gain, feed efficiency and feed
utilization as well as increasing in the length of villi of
the jejunal mucosa and reduction in depth of crypt due to
the inclusion of HA (Humic Acid) have been observed
(Ozturk and Coskun 2006).

Despite the high demand on poultry products
worldwide, the poultry industry is facing numerous
challenges on the global level. Some of these include high
feed costs (which had a great impact on production cost
and subsequently on eggs and meat prices), biofuel
production and availability of corn as a major feed
ingredient for poultry, poultry diseases, quality of
products, antibiotic use in feed, environmental impacts,
strong global competition and consumer perception with
regards to food safety and animal welfare (Hafez and
Hafez 2013). These factors result in annual economic
losses of $128 to $165 million in the poultry industry
alone. The total annual economic loss is $1.69 to $2.36
billion in the U.S. livestock industry (Nawab et al. 2018).
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Feed cost could be reduced indirectly by proper
management practices on the poultry farm such as
reducing feed waste. This could be done by using only
guantities required for optimum production without
overfeeding. Feeding birds to match their requirements
and to improve the efficiency of nutrient utilization will
reduce the nutrient load in the manure, and hence on
the

environment (Penz and Bruno 2011). In addition,
using pelleted or crumbled feed will help in reducing
feed waste and improving nutrient utilization (Jahan,
Asaduzzaman and Sarkar 2006). The crumble form of
feed is better than mash and pellet for the production of
commercial broiler for the age duration 21 to 56 days.
The pellet diameters of 1.59 or 2.38 mm can be
beneficial during the pre-starter period and can be more
useful with 2.5% poultry oil (Cerrate et al. 2008).
Although improved broiler performance is an advantage
for pellet feeding, some disadvantages seem to be
connected to this feeding method with respect to animal
health, whereby increased growth rate from pellet
feeding may increase mortality due to ascites, especially
in male birds (Zohair, Al-Maktari and Amer 2012).

MATERIALS AND METHODS

Study Area

The study was performed for a period of 1month from
August 2022 to September 2022 in laboratory of Animal
Toxicology in the Zoology Department, the Islamia
University of Bahawalpur, Pakistan. Bahawalpur is one
of the hottest areas of Pakistan situated at 112m above
the sea level. The area has very hot and dry climate in
summer, dry and cold in winter. The study was approved
in full by the ethical review committee for the use of
animals which comes under the administrative control of
the office of research, innovation and commercialization
of the Islamia University of Bahawalpur, Pakistan.

Birds, Housing, Diet and Management

Total 18 birds of white egg laying hens were obtained
from a well-reputed poultry farm from district Lodhran
(Province Punjab, Pakistan). The layer hens were then
transferred to Toxicolgy laboratory in the Zoology
Department, the Islamia University of Bahawalpur,
Pakistan. After shifting, hens were given the adjustment
period to the research laboratory conditions for seven
days. Total 18 birds of white laying hens, 28-week of
age, were randomly divided to three groups each group
contained six hens. The hens were kept at a photoperiod
of 16 h/8 h light/dark cycle, and a room temperature of
25 °C + 2°C. The experiment lasted for five weeks, and
the birds were given access to feed and water ad libitum
(with the inclusion of dietary treatments) throughout the
experimental period. Commercially available laying hen
feed was offered as a basal diet. The ingredients and
calculated the chemical composition of the diet are listed
in Table 1.
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Table 1

Diet composition of layer hen
Layer ration

Ingredients % composition
Maize 35
Rice bran 35
Soya cake 10
Fish meal 15
Limestone 02
Ground dried Legume leaves 35
Salt 05
Mineral premix 01
Total 100

Experimental Design

Experiment was performed during the month of August
and September, 2022. After seven days hens were
divided into three dietary groups composed of 2
experimental groups and 1 control group. Each group
contained six replicates. Experimental group 1 was fed
with different byproducts such as green tea and egg shells
and experimental group 2 was fed with different seeds
such as pomegranate seeds, sunflower seeds and foxtail
millet. While control group was offered with simple feed
to investigate the effects of these feeds on the egg
quality.

Physiological Response

The egg weight, length, width of shell, areas of egg shell,
yolk weight, white weight, thickness of shell as a
physiological response of layer hens was recorded
regularly in all three groups.The increase or decrease of
egg size in dietary treated groups with compare to the
control group were recorded precisely.

Performance Parameters

The eggs were collected manually at 8 AM each day. The
weight and number of eggs laid were recorded daily. The
egg weight was determined by a HM-200 electronic
scale (A&D Co., Ltd., Tokyo, Japan). The abnormal
eggs (broken eggs, shell-less, or soft shells) were
excluded when measuring the egg weight. The egg
production percentage was calculated as the hen-day egg
production (HDEP) and egg mass were calculated by
multiplying the average egg weight with HDEP. The
percentage of broken eggs was calculated by dividing the
number of broken and soft-shell eggs by the total number
of eggs laid.

Fresh feed and water were offered daily on an ad
libitum basis. The feed and water intake were determined
weekly by measuring the residues. The feed conversion
ratio (FCR) was calculated by dividing the feed intake
by the egg mass.

Egg Quality Parameters

The egg quality indices were determined every week by
randomly collecting 12 eggs per treatment. The eggshell
thickness was measured using a Peacock dial gauge (P-1
Model, Meg Co Ltd., Ozaki, Japan) after removing the
shell membrane and it is represented as the average
thickness of the upper, middle, and lower end of the shell.
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The egg length (L) and width (W) were measured using
vernier calipers with the least count of 0.01 mm. The egg
shape index (SI) was determined from the egg length and
width.

RESULTS

Effect of Byproducts on Egg Numbers

The effect of diet on the egg numbers has shown in the
(figure 4.1). A t-test analysis revealed that there was a
significant difference in numbers of eggs between the
control group and byproducts group (p<0.0155). The
numbers of eggs ware significantly reduced in
byproducts group.

Figure 1

The effect of byproducts on the egg numbers. The
number of eggs were significantly reduced in
byproducts group.
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Effect of Byproducts on the Egg Weight

The effect of byproducts is shown in the (figure 4.2). A
t-test analysis revealed that there was a significant
difference in egg weight between control group and
byproducts group (p <0.0.0219). The egg weight was
significantly more in control group. However egg weight
in byproducts group was significantly reduced.

Figure 2
The effect of byproducts on the egg weight. The egg
weight of control group was significantly more while
egg weight of byproducts group was significantly
reduced.
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Byproducts

Effect of Byproducts on the Egg Length

The effect of byproducts on the egg length is shown in
(figure 4.3). A t-test analysis revealed that there was no
significant difference between the control group and
byproducts group (p<0.9842). The average length of
control group eggs was 56.035mm while average egg
length of byproduct group was 56mm as shown in the
graph (fig 4.3).

Figure 3
The effect of byproducts on the egg length. There was
no significant difference in egg length between control
group and byproducts group.
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Effect of Byproducts on the Egg Width

The effect of byproducts on the egg width is shown in the
(figure 4.4). A t-test analysis revealed that there was a
significant difference between control group and
byproducts group (p <0.0.4438). The egg width of
control group was significantly while egg width of
byproduct group was significantly reduced. The average
width of control group eggs was 41.42mm while average
width of byproduct group eggs was 40.31mm as shown
in the (figure 4.4).

Figure 4

The effect of byproducts on the egg width. The width of
control group eggs significantly increased. However the
egg width of byproducts group was significantly
decreased.
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Effect of byproducts on egg yolk weight

The effect of byproducts on the egg yolk weight is shown
in the (figure 4.5). A t-test analysis revealed that there
was a significant difference in egg yolk weight between
control group and byproducts group (p <0.0049). The
egg yolk weight of control group significantly increased
as compare to byproducts group. The average yolk
weight of control was 17.405gms while average yolk
weight was 16.3gms of byproduct group as shown in the
(figure 4.5).

Figure 5

The effect of byproducts on the egg yolk weight. The yolk
weight of control group eggs significantly increased as
compare to byproduct group.
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Effect of Byproducts on the Egg White Weight

The effect of byproducts on the egg white weight is
shown in the (figure 4.5). A t-test analysis revealed that
there was no significant difference between control
group and byproducts group (p <0.6300). The average
egg white weight of control group was 29.027gms while
the average egg white weight of byproducts group was
28.426gms as shown in the (figure 4.6).

Figure 6

The effect of byproducts on the egg white weight. There
was no significant difference between control group and
byproducts group.
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Effect of Byproducts on Egg Shell Thickness

The effect of byproducts on the egg shell thickness is
shown in (figure 4.7). A t-test analysis revealed that
there was a significant difference between control
group and byproducts group (p <0.0469). The egg shell
thickness of control group was significantly more as
compare to byproducts group. The average egg shell
thickness of control was 0.651mm while average egg
shell thickness was 0.7mm of byproduct group as shown
in the (figure 4.7).

Figure 7

The effect of byproducts on the egg shell thickness. The
egg shell thickness of control group eggs significantly
increased as compare to byproduct group.
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DISCUSSION

In the current study, the birds were provided with egg
shells and tea waste had reduced egg production. These
results contradict with the results of Abdel-Wareth and
Lohakare, who reported that feeding peppermint to
laying birds had a positive influence on the conversion of
digested feed into eggs, which is crucial for the
oviposition process. No effect of feeding egg shell and tea
waste byproducts was observed on overall hen-day egg
production (Abdel-Wareth and Lohakare 2014).
(Shumye et al. 2022) reported that there was
nonsignificant effect in the mean number of eggs
produced per hen which were supplemented with banana
peel. Egg shells contain a high amount of fibers similar
to other byproducts such as sugar beet pulp, soy hulls or
coffee husks. To date, there is little knowledge on effect
of egg shells on laying hen performance and egg quality.
Hens are more tolerant to dietary fibers, and diets
containing 3.12 to 3.88% of crude fiber mainly from
sugar beet pulp linearly increased feed intake and egg
production of hens during 25 to 33 week of age (Selim
and Hussein 2020). In the present study, hens fed 7.5 to
15% of egg shells in the diet, equivalent to 2.48 or 5.55%
of crude fiber, had no negative effects on egg production.
Similar results were found in literature that fibers from
soy hulls or coffee husks (higher content of pectin)
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reduced the hen body weight, but did not influence egg
product (Sousa et al. 2019).

The outcomes of this research revealed that egg
weight has significantly decreased in byproducts group.
Diet supplementation with the extract from onion had a
positive effect on the mean egg weight, in contrast to the
supplementation with the garlic extract, which had no
effect on this trait. The supplementation of egg shells and
tea byproducts in diet of layer hen has no significant
effect on the egg width. These results were similar with
the results of Dilawar et al. who reported that
supplementation of plants extract byproducts in layer
hen diet has no significant difference in egg width, egg
height, and eggshell thickness (Dilawar et al. 2021). The
findings of this research also showed no significant effect
of egg shells and tea byproducts on the egg yolk and egg
white weight. Egg quality refers to various standards that
define both external and internal quality. The internal
quality is focused on the yolk height, yolk color, albumin
viscosity, and Haugh unit. In contrast, the external
quality refers to the eggshell thickness, egg width, and
height and cleanliness (Coutts and Wilson 2007). The
eggshell thickness is associated with the proportion of
damaged eggs during transport and handling (Anderson
et al. 2004). The present study observed a significant
difference in eggshell thickness between control group
and byproducts group. The shell thickness of control
group significantly increased as compare to byproducts
group. Previously, Abdel-Wareth and Lohakare reported
that peppermint oil increased the eggshell thickness,
which was found in the present study (Abdel-Wareth
and Lohakare 2014).

The results suggested that tea byproducts
supplementation had adverse effect on strength and
thickness of eggshell. These findings were consistent
with Kojima and Yoshida study, which showed that the
addition of tea by-products decreased the eggshell
strength (Kojima and Yoshida 2008). It could be related
to insufficient nutrition absorption especially the
inadequate absorption of calcium, or tea treatment
altered the process of anabolism and catabolism during
eggshell formation. Current studies proved that exterior
nutrition could affect the material metabolism, and then
cause some changes of egg quality (Liu et al. 2018). Off
course, there were some different results suggesting that
tea resource treatment improved the eggshell thickness
and egg specific gravity (Wei et al., 2012). Although
some inconsistent findings were reported, nutrition
indeed could change the metabolism, and then alter egg
guality. (Olgun, Cufadar and Yildiz 2009) suggested that
reasonable regulating exogenous nutrition may serve as
a pathway to improvement in egg quality.

The eggshell thickness of the layers fed diets
containing green tea powder was significantly thinner
than that of the control group. But, no significant
differences were observed in eggshell thickness of
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groups offered 0.5 to 2.0% green tea and antibiotics
diets. This result was similar to (Yang, Jung and
Uuganbayar 2003) who reported that eggshell thickness
was reduced slightly when layers were fed diets
containing 2.0 to 6.0% green tea by-product
supplementations. Research has shown that various
factors, including the age of the birds, their diet, and
genetic background, can influence egg weight (Yakubu,
Ogah and Barde 2008). The inclusion of varying
percentages of tomato by-products in chick diets led to
notable alterations in specific biochemical parameters.
This resulted in increases in ash, fat, and carbohydrate
levels, while protein content and energy decreased. The
extent of these changes was influenced by the proportion
of tomato by-products incorporated into the diet
(Boulaajine et al. 2024).

A greater egg weight resulting from genetic
selection was linked to an increased albumen content,
which aligns with findings observed in most breeds
examined. Additionally, the yolk content was found to
be statistically significant, varying according to breed
and line (Hejdysz et al. 2024). Data on external and
internal egg quality parameters revealed that certain
traits, such as weight, pH, strength, and temperature,
were significantly affected by both group and
temperature. Moreover, the interaction between these
factors also influences egg quality, particularly for
attributes like yolk weight, pH, and shell thickness,
highlighting the complex relationships at play (Mashaly
et al. 2004). Yolk and albumen weights were influenced
by egg weight groups, with their values increasing
proportionally as egg weight increased (Tebesi,
Madibela and Moreki 2012).

The storage period significantly impacted egg
weight loss, shell weight, shell thickness, air cell size,
and albumen pH (Samli et al. 2006). After an egg is laid,
physico-chemical changes (egg aging) cause the shell to
lose its protective properties, allowing water and gases
to move internally and externally. Water loss is faster in
smaller eggs due to their greater surface area relative to
volume (Lewko and Gornowicz 2011). The color of
yolks in laying hens is mainly determined by the types
and amounts of carotenoid pigments found in their feed.
This color can be easily modified by adjusting the feed
ingredients to align with consumer preferences (Islam et
al. 2017). Supplementing laying hen diets with 4% to 6%
grape pomace appears to have no negative effects on
performance or egg quality and may enhance egg shelf
life by lowering MDA levels in the yolk, although
further research is needed on its impacts on animal health
and digestion (Kara et al. 2016).

Study also demonstrated that laying hens can safely
tolerate up to 6% tomato waste meal (TWM) in their diet
without negatively impacting egg production or quality.
At this level, TWM enhanced the egg yolk color score,
lowered yolk cholesterol, and increased the
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concentration of lycopene in the yolk. However, if TWM
inclusion exceeds 6%, egg production may decline,
which could also be linked to reduced feed energy. The
yolk color score progressively improved as the levels of
TWM in the diet increased (Habanabashaka, Sengabo
and Oladunjoye 2014). The quality of egg yolks,
assessed through the Yolk Index of broken eggs or by
evaluating yolk centering and roundness during
candling, tends to change at a similar rate as R. R. Haugh
units or other indicators of aloumen condition. One of
the key factors influencing egg quality is how the eggs
are handled (Stadelman 2017).

CONCLUSION

In the current study, the effect of byproducts (egg shell
and tea byproduct) on the egg quality of layer hen was
investigated. It is concluded that egg shells and tea
byproducts as a diet supplementation to layer hen has
significantly decreased egg weight and number of eggs.
However, egg production has increased significantly in
control group. The egg weight, egg yolk weight and egg
width significantly increased in control group as
compare to byproducts group. There was no significant
difference in egg length and egg width between control

REFERENCES

Abdel-Wareth, A., & Lohakare, J. (2014). Effect of
dietary supplementation of peppermint on
performance, egg quality, and serum metabolic
profile of Hy-line Brown hens during the late
laying period. Animal Feed Science and
Technology, 197, 114-
120. https://doi.org/10.1016/j.anifeedsci.2014.0
7.007

Abdulla, J., Rose, S., Mackenzie, A., Mirza, W., &
Pirgozliev, V. (2016). Exogenous tannase
improves feeding value of a diet containing field
beans (Vicia faba)when fed to broilers. British

Poultry Science, 57(2), 246-
250. https://doi.org/10.1080/00071668.2016.11
43551

Alexandratos, N., & Bruinsma, J. (2012). World
agriculture towards 2030/2050: the 2012
revision.
http://dx.doi.org/10.22004/ag.econ.288998

AL-NASSER, A. (2006). Poultry industry in
Kuwait. World's Poultry Science
Journal, 62(04), 702-
708. https://doi.org/10.1079/wps2006122

Anderson, K., J. Tharrington, P. Curtis & F. Jones (2004)
Shell characteristics of eggs from historic strains
of single comb white leghorn chickens and the
relationship of egg shape to shell strength.
International journal of poultry science, 3, 17-
19. https://doi.org/10.3923/ijps.2004.17.19

IJBR Vol.3 Issue.3 2025

group and byproducts group. The egg yolk weight and
egg shell thickness were significantly affected by egg
shell and tea byproducts. These byproducts (egg shell, tea
byproducts) could be used as alternative feed for layer
hen. These byproducts have no adverse effect on the
layer hens. However, more research is required to fully
understand the effect of egg shells and tea byproducts on
the egg quality of layer hens.

Author’s Contribution

Adeeba Naseer: Conceptualization, Investigation;
Formal Analysis, Methodology, Visualization. Writing -
original draft: Sumaira Razig: Data Curation,
Investigation, Muhammad Muneer, Muhammad Usman,
Magsood Ahmad, Muhammad Asad Ullah, Ayesha
Khadim, Hafsa Mushtaq, Hafiz Muhammad Mubashar
Ali and Tarkan Sahin: Writing, Review & Editing.

Availability of Data and Material
All the data is available and can be obtained on
reasonable request from the corresponding author

Consent to Participate
All the authors equally participated in this research.

Athanasiadou, S., Githiori, J., & Kyriazakis, 1. (2007).
Medicinal plants for helminth parasite control:
Facts and fiction. Animal, 1(9), 1392-
1400. https://doi.org/10.1017/s1751731107000
730

Boulaajine, S., E. Azerouel, M. Diouri & H. Hajjaj
(2024) Effect of Dietary Supplementation With
Tomato  By-Products on  Zootechnical
Performance and Biochemical Parameters in
Broilers (Gallus gallus). Tropical Journal of
Natural Product Research, 8.
https://doi.org/10.26538/tjnpr/v8i8.28

Cerrate, S., Wang, Z., Coto, C., Yan, F., & Waldroup, P.
W. (2008). Effect of pellet diameter in broiler
prestarter diets on subsequent performance.
International Journal of Poultry Science, 7(12),
1138-1146.
https://www.cabidigitallibrary.org/doi/full/10.5
555/20093000394

Coutts, J. A., & Wilson, G. C. (2007). Optimum egg
quality: a practical approach. 5M Publishing.

Damaziak, K., Riedel, J., Gozdowski, D., Niemiec, J.,
Siennicka, A., & Ro6g, D. (2017). Productive
performance and egg quality of laying hens fed
diets supplemented with garlic and onion

extracts. Journal of  Applied Poultry
Research, 26(3), 337-

349. https://doi.org/10.3382/japr/pfx001
Dilawar, M. A, Mun, H. S., Rathnayake, D.,
Yang,E.J., Seo,Y.S.,, Park,H.S., &
Page | 668

©) Copyright © 2025. IJBR Published by Indus Publishers
BY__NC_SA This work is licensed under a Creative Common Attribution 4.0 International License.


https://doi.org/10.1016/j.anifeedsci.2014.07.007
https://doi.org/10.1016/j.anifeedsci.2014.07.007
https://doi.org/10.1080/00071668.2016.1143551
https://doi.org/10.1080/00071668.2016.1143551
http://dx.doi.org/10.22004/ag.econ.288998
https://doi.org/10.1079/wps2006122
https://doi.org/10.3923/ijps.2004.17.19
https://doi.org/10.1017/s1751731107000730
https://doi.org/10.1017/s1751731107000730
https://doi.org/10.26538/tjnpr/v8i8.28
https://www.cabidigitallibrary.org/doi/full/10.5555/20093000394
https://www.cabidigitallibrary.org/doi/full/10.5555/20093000394
https://doi.org/10.3382/japr/pfx001

Naseer, A. et al., Effect of Various By-products on the Egg Quality of Laying Hens (Gallus domesticus)

Yang, C.J. (2021). Egg quality parameters,
production performance and immunity of laying
hens supplemented with plant
extracts. Animals, 11(4),

975. https://doi.org/10.3390/ani11040975

Habanabashaka, M., Sengabo, M., & Oladunjoye, I. O.
(2014). Effect of Tomato Waste Meal on Lay
Performance, Egg Quality, Lipid Profile and
Carotene Content of Eggs in Laying
Hens. Iranian Journal of Applied Animal
Science, 4(3).
https://citeseerx.ist.psu.edu/document?repid=re
pl&type=pdf&doi=3e9d198d85ac44a4d74699f
57e6d9abda927f823

Hafez, E. S. E. & B. Hafez. (2013). Reproduction in farm
animals. John Wiley & Sons.

Hejdysz, M., Nowaczewski, S., Perz, K., Szablewski, T.,
Stuper-Szablewska, K., Cegielska-
Radziejewska, R., ... & Slosarz, P. (2024).
Influence of the genotype of the hen (Gallus
gallus domesticus) on main parameters of egg
guality, chemical composition of the eggs under
uniform  environmental  conditions. Poultry
Science, 103(1), 103165.
https://doi.org/10.1016/j.psj.2023.103165

Hozlar, P., Valéuhova, D., & Jancik, D. (2014).
Influence of complete feed mixture containing
naked oat of the Tatran variety on parameters of
utility and quality of eggs of laying hens. Slovak
Journal of Animal Science, 47(2), 83-89.
https://office.sjas-
journal.org/index.php/sjas/article/view/220

Islam, K., J. Khan, M. Khalil & F. Schweigert (2017)
Physical and chemical quality of eggs from
commercial chickens in Bangladesh. Int. J.
Poult. Sci, 16, 221-2217.
https://doi.org/10.3923/ijps.2017.221.227

Jahan, M., M. Asaduzzaman & A. Sarkar (2006).
Performance of broiler fed on mash, pellet and
crumble. International Journal of poultry
science, 5, 265-270.
https://doi.org/10.3923/ijps.2006.265.270

Kara, K., Kocaoglu Giiglii, B., Baytok, E., & Sentiirk, M.
(2015). Effects of  grape pomace
supplementation to laying hen diet on
performance, egg quality, egg lipid peroxidation
and some biochemical parameters. Journal of
Applied Animal Research, 44(1), 303-310.
https://doi.org/10.1080/09712119.2015.103178
5.

Kojima, S., & Yoshida, Y. (2008). Effects of green tea
powder feed supplement on performance of hens
in the late stage of laying. International Journal
of Poultry Science, 7(5), 491-
496. https://doi.org/10.3923/ijps.2008.491.496

Lewko, L., & Gornowicz, E. (2011). Effect of housing

IJBR Vol.3 Issue.3 2025

system on egg quality in laying hens. Annals of

Animal Science, 11(4), 607-
611. https://doi.org/10.2478/v10220-011-0012-
0

Liu, J., Xia, B., Du, X., Zeng, T., Liu, Y., Chen, L.,
Lu, L., & Li, C. (2017). Effects of water
supplemented with Bacillus subtilis and
photosynthetic bacteria on egg production, egg
quality, serum immunoglobulins and digestive
enzyme activity of ducks. Journal of Applied

Animal Research, 46(1), 322-
326. https://doi.org/10.1080/09712119.2017.12
99741

Mashaly, M., Hendricks, G., Kalama, M., Gehad, A.,
Abbas, A., & Patterson, P. (2004). Effect of heat
stress on production parameters and immune
responses of commercial laying hens. Poultry
Science, 83(6), 889-
894. https://doi.org/10.1093/ps/83.6.889

Molnér, S., & Sz6l16si, L. (2020). Sustainability and
quality aspects of different table egg production
systems: A literature
review. Sustainability, 12(19),

7884. https://doi.org/10.3390/su12197884

Mottet, A., & Tempio, G. (2017). Global poultry
production: Current state and future outlook and

challenges. World's Poultry Science
Journal, 73(2), 245-
256. https://doi.org/10.1017/s00439339170000

71

Nawab, A., Ibtisham, F., Li, G., Kieser, B., Wu, J.,
Liu, W., Zhao, Y., Nawab, Y., Li, K., Xiao, M.,
& An, L. (2018). Heat stress in poultry
production: Mitigation strategies to overcome
the future challenges facing the global poultry
industry. Journal of Thermal Biology, 78, 131-
139. https://doi.org/10.1016/j.jtherbio.2018.08.
010

Olgun, O., Cufadar, Y., & Yildiz, A. O. (2009). Effects
of boron supplementation fed with low calcium
to diet on performance and egg quality in molted
laying hens. J. Anim. Vet. Adv, 8(4), 650-654.

Olobatoke, R., & Mulugeta, S. (2011). Effect of dietary
garlic powder on layer performance, fecal
bacterial load, and egg quality. Poultry
Science, 90(3), 665-
670. https://doi.org/10.3382/ps.2010-00736

Olukosi, O., Beeson, L., Englyst, K., & Romero, L.
(2015). Effects of exogenous proteases without
or with carbohydrases on nutrient digestibility
and disappearance of non-starch
polysaccharides in broiler chickens. Poultry
Science, 94(11), 2662-
2669. https://doi.org/10.3382/ps/pev260

Ozturk, E., & Coskun, 1. (2006, September). Effects of
humic acids on broiler performance and

Page | 669

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Common Attribution 4.0 International License.


https://doi.org/10.3390/ani11040975
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=3e9d198d85ac44a4d74699f57e6d9abda927f823
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=3e9d198d85ac44a4d74699f57e6d9abda927f823
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=3e9d198d85ac44a4d74699f57e6d9abda927f823
https://doi.org/10.1016/j.psj.2023.103165
https://office.sjas-journal.org/index.php/sjas/article/view/220
https://office.sjas-journal.org/index.php/sjas/article/view/220
https://doi.org/10.3923/ijps.2017.221.227
https://doi.org/10.3923/ijps.2006.265.270
https://doi.org/10.1080/09712119.2015.1031785
https://doi.org/10.1080/09712119.2015.1031785
https://doi.org/10.3923/ijps.2008.491.496
https://doi.org/10.2478/v10220-011-0012-0
https://doi.org/10.2478/v10220-011-0012-0
https://doi.org/10.1080/09712119.2017.1299741
https://doi.org/10.1080/09712119.2017.1299741
https://doi.org/10.1093/ps/83.6.889
https://doi.org/10.3390/su12197884
https://doi.org/10.1017/s0043933917000071
https://doi.org/10.1017/s0043933917000071
https://doi.org/10.1016/j.jtherbio.2018.08.010
https://doi.org/10.1016/j.jtherbio.2018.08.010
https://doi.org/10.3382/ps.2010-00736
https://doi.org/10.3382/ps/pev260

Naseer, A. et al., Effect of Various By-products on the Egg Quality of Laying Hens (Gallus domesticus)

digestive tract traits. In Book of Abstracts of the
57th  Annual Meeting of the European
Association for Animal Production (p. 301).
http://veryold.eaap.org/Previous_Annual_Meeti
ngs/2006Antalya/Papers/N32.14_Ozturk.pdf
Penz, A. J., & Bruno, D. G. (2011). Challenges facing
the global poultry industry until 2020.
https://www.cabidigitallibrary.org/doi/full/10.5
555/20113341169
Pourreza, J., A. Samie & E. Rowghani (2007). Effect of
supplemental enzyme on nutrient digestibility
and performance of broiler chicks fed on diets
containing triticale. International Journal of
Poultry Science, 6(2), 115-
117. https://doi.org/10.3923/ijps.2007.115.117
Rath, N., Huff, W., & Huff, G. (2006). Effects of humic
acid on broiler chickens. Poultry Science, 85(3),
410-414. https://doi.org/10.1093/ps/85.3.410
Samli, H. E., N. Senkoylu, M. L. Ozduven, H. Akyurek
& A. Agma (2006). Effects of poultry by
product meal on laying performance egg quality
and storage stability. Pakistan Journal of

Nutrition, 5(1), 6-
9. https://doi.org/10.3923/pjn.2006.06.09
Selim,S.,, & Hussein,E.  (2020).  Production

performance, egg quality, blood biochemical
constituents, egg yolk lipid profile and lipid
peroxidation of laying hens fed sugar beet
pulp. Food Chemistry, 310,
125864. https://doi.org/10.1016/j.foodchem.20
19.125864

Shumye, M., Molla, M., Awoke, T., & Dagnew, Y.
(2022). Effect of banana peels as a substitute for
white maize grain on laying performances and
egg quality of Bovans Brown chickens. Cogent

Food &
Agriculture, 8(1). https://doi.org/10.1080/2331
1932.2022.2116803

IJBR Vol.3 Issue.3 2025

Sousa, L. S., Carvalho, T. S,, Nogueira, F. A.,
Saldanha, M. M., Vaz, D. P., Bertechini, A. G.,
Baido, N. C., & Lara, L. J. (2019). Fiber source
and xylanase on performance, egg quality, and
gastrointestinal tract of laying hens. Revista

Brasileira de
Zootecnia, 48. https://doi.org/10.1590/rbz4820
170286

Stadelman, W. J. (2017). The preservation of quality in
shell eggs. In Egg science and technology (pp.
67-79). CRC Press.
https://www.taylorfrancis.com/chapters/edit/10.
1201/9780203758878-4/preservation-quality-
shell-eggs-stadelman

Tebesi, T., Madibela, O., & Moreki, J. C. (2012). Effect
of storage time on internal and external
characteristics of guinea fowl (Numida
meleagris) eggs.
https://agris.fao.org/search/en/providers/12476
3/records/67050dfbb1dfe472e1451091

Yakubu, A., Ogah, D., & Barde, R. (2008). Productivity
and egg quality characteristics of free range
naked neck and normal feathered Nigerian
Indigenous chickens. International Journal of
Poultry Science, 7(6), 579-
585. https://doi.org/10.3923/ijps.2008.579.585

Yang, C. J, Jung, Y. C., & Uuganbayar, D. (2003).
Effect of feeding diets containing green tea by-
products on laying performance and egg quality
in  hens. Korean Journal of Poultry
Science, 30(3), 183-189.
https://koreascience.kr/article/JAKO200311922
045711.page

Zohair, G. A., Al-Maktari, G. A., & Amer, M. M. (2012).
A comparative effect of mash and pellet feed on
broiler performance and ascites at high altitude
(field study). Global Veterinaria, 9(2), 154-159.

Page | 670

©) Copyright © 2025. IJBR Published by Indus Publishers
BY__NC_SA This work is licensed under a Creative Common Attribution 4.0 International License.


http://veryold.eaap.org/Previous_Annual_Meetings/2006Antalya/Papers/N32.14_Ozturk.pdf
http://veryold.eaap.org/Previous_Annual_Meetings/2006Antalya/Papers/N32.14_Ozturk.pdf
https://www.cabidigitallibrary.org/doi/full/10.5555/20113341169
https://www.cabidigitallibrary.org/doi/full/10.5555/20113341169
https://doi.org/10.3923/ijps.2007.115.117
https://doi.org/10.1093/ps/85.3.410
https://doi.org/10.3923/pjn.2006.06.09
https://doi.org/10.1016/j.foodchem.2019.125864
https://doi.org/10.1016/j.foodchem.2019.125864
https://doi.org/10.1080/23311932.2022.2116803
https://doi.org/10.1080/23311932.2022.2116803
https://doi.org/10.1590/rbz4820170286
https://doi.org/10.1590/rbz4820170286
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203758878-4/preservation-quality-shell-eggs-stadelman
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203758878-4/preservation-quality-shell-eggs-stadelman
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203758878-4/preservation-quality-shell-eggs-stadelman
https://agris.fao.org/search/en/providers/124763/records/67050dfbb1dfe472e1451091
https://agris.fao.org/search/en/providers/124763/records/67050dfbb1dfe472e1451091
https://doi.org/10.3923/ijps.2008.579.585
https://koreascience.kr/article/JAKO200311922045711.page
https://koreascience.kr/article/JAKO200311922045711.page

