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ABSTRACT: Commercial hatcheries often store
eggs before incubation, and one method used to
enhance hatchability is egg turning during this
storage period. This study focuses on exploring
how egg storage affects egg weight changes and
how turning during storage can impact chick
hatching. The experiment involved assessing the
influence of storage duration and egg turning on
egg quality, hatchability, and residual analysis.
Researchers gathered 420 hatching eggs from a 55-
week-old commercial Cobb500 breeder flock and
stored them according to different treatment
conditions. The experiment was designed using a
completely randomized 3x2 factorial design,
incorporating three different storage periods (3, 8,
and 13 days) and the practice of egg turning (180°
rotations once daily) or no turning during storage.
This design resulted in six distinct treatment
groups. The stored eggs were then incubated to
hatch, and various parameters such as chick
weights were recorded, along with calculating the
hatchability rate. The association between weight
changes across different storage periods was
determined using a paired t-test, while categorical
variables and the difference in hatchability

outcomes were assessed using the Pearson chi-
square test at a 95% confidence level, using SPSS
version 23.0. The results showed a significant
difference in egg weight between the different
storage durations, both with egg turning and
without (P<0.001). During the incubation period,
there was a significant difference in egg weight
among all treatments (P<0.001). Fertile hatchability
was highest (92%) for eggs stored for 3 days with
turning, while it was slightly lower in the non-
turning condition and in eggs stored for 8 days,
under both turning and non-turning conditions. As
the storage period increased to 13 days without
turning,  hatchability = decreased to  72%,
accompanied by an increase in embryonic death.
However, when turning was implemented, the
results were similar to those of the 8-day storage
period. Additionally, there were no significant
differences in chick weights among eggs from the
three different storage periods (P>0.05).
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I. Introduction
1.1.1 Background

The poultry industry has experienced rapid growth globally, with significant adjustments contributing to its
expansion over recent decades (Gerber et al., 2008). In Nepal, where approximately two-thirds of the population
is involved in agriculture either directly or indirectly (FAO, 2020b), the poultry sector has also seen notable
development. The agriculture sector makes up 27.1% of Nepal's national gross domestic product (GDP), with
the poultry subsector alone contributing an estimated 4% to the GDP (MoALD, 2020). Nepal has around 320
poultry hatcheries, producing approximately 2.5 million broilers each week (MoALD, 2020). Commercial
chicken farming plays a crucial role in providing livelihoods. To maximize returns on investments in poultry
farming, it's essential for farmers to achieve efficient outputs at every stage of production, ranging from
breeding to hatchery operations (Davey, 1948).In the past, eggs were hatched by placing them under broody
hens. However, this method proved to be highly unsuitable for large-scale production of baby chicks. As a
result, modern incubators that mimic the natural environment provided by broody hens but in a more efficient
manner are now commonly used for hatching eggs.

The incubation process starts with the introduction of fertile eggs and continues as they undergo biological
changes, eventually becoming 1-day-old chicks. Throughout this journey, the setter creates ideal conditions
including temperature, relative humidity (RH), ventilation, and egg turning, all of which are conducive to the
embryonic development from the laying of the egg to the hatching stage (Aradjo et al., 2016). Pre-incubation
factors like storage conditions (humidity and temperature) and duration significantly influence egg quality,
subsequently affecting hatchability and the quality of hatchlings (Nasri et al., 2020). Commercial hatcheries
often store eggs for several days to achieve a high volume of chicks hatching simultaneously, which is essential
for their operations (Damaziak et al., 2018). Some management practices can be used during storage to reduce
the negative effects that storage has on incubation yield, such as storing eggs with the thin tip down, egg turning
during storage, and pre-storage incubation(Rocha et al., 2013). Research on egg turning during storage has
shown promising results. Studies have indicated a decrease in embryonic mortality, leading to improvements in
hatching rates and an increase in the number of healthy, saleable chicks (Elibol et al., 2002).

1.1.2 Statement of Problem

In the poultry production, the hatchability of eggs stands as amain factor that significantly influences the
efficiency and productivity of the industry. The successful conversion of eggs into robust and viable chicks
plays a crucial role in economic sustainability. Investigating the duration of egg storage and the practice of
turning them during storage are essential variables, as they greatly influence hatchability rates and overall
success. It's common practice to store hatching eggs for a few days before starting the incubation process. This
approach allows for setting batches of eggs once or twice a week, leading to groups of chicks hatching together.
Eggs are perishable and their quality declines over time, potentially reducing hatchability rates.The quality of
eggs can be compromised by the length of time they are stored, potentially resulting in a decrease in
hatchability. Longer storage periods can disrupt embryonic development, impacting hatchability due to possible
metabolic disruptions and alterations in yolk composition (Hulet et al., 2007). Extended storage times can lead
to increased microbial growth on the eggshell, which may hinder embryo viability (Miles et al., 2017).
Hatchability of stored eggs can be influenced by various factors. As eggs are stored, their internal quality can
deteriorate, impacting the development and viability of the embryo. This decline may involve changes in
eggshell permeability, moisture loss, and gas exchange rates, all of which can contribute to reduced hatchability.
Furthermore, alterations in the nutritional content of the egg, including yolk nutrients, can affect the growth and
survival of the developing embryo.Researching the correlation between storage duration and hatchability is
crucial to identifying the ideal storage period and conditions that would optimize hatchability rates.
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Turning eggs during storage mimics the natural behavior of brooding chickens and promotes uniform embryonic
development. However, the frequency and degree of turning can lead to different results. Turning aids in
preventing the embryo from adhering to the inner shell membrane and improves gas exchange (Lourens et al.,
2005). Yet, excessive turning may disturb the embryo's orientation, impacting its developmental path and,
consequently, hatchability (Al-Murrani et al., 1978; Bakst, 1987).

1.1.3 Rationale of Study

Egg storage is a common practice in the poultry industry, enabling the management and accumulation of eggs
before incubation. However, during storage, several variables such as temperature, humidity, and duration can
affect the quality and viability of eggs. Analyzing the impact of storage duration on hatchability is essential for
optimizing storage conditions and determining the ideal storage period for maximum hatchability. This
knowledge can assist poultry producers in making informed decisions regarding egg storage protocols, leading
to increased hatchability rates, improved productivity, and cost-effectiveness.

Hatchability refers to the percentage of eggs that successfully reach the end of the incubation period and hatch
into chicks. This metric holds significant economic value in the poultry sector as it directly influences the
number of chicks produced (Elamin et al., 2014). Maintaining a high hatchability rate is crucial for ensuring a
steady supply of chicks. Any fluctuations from the optimal hatchability can result in economic losses due to
reduced chick availability and disruptions in production schedules. Comprehending the factors influencing
hatchability, like egg storage duration and turning methods, is vital for the efficiency and sustainability of the
poultry industry. Egg storage duration, the period from egg production to incubation, presents unique challenges
that must be managed. With time, eggs in storage undergo a slower pace of embryonic development, potentially
impacting their hatchability. The impact of storage duration on hatchability is multifaceted, involving changes in
yolk composition, metabolic processes, and microbial activity within the eggshell (Hulet et al., 2007).
Consequently, determining the optimal storage period for eggs is a complex task, balancing the preservation of
embryonic integrity with successful hatching outcomes. To gain insight into how storage duration affects egg
viability and hatching success, research on the relationship between egg storage length and hatchability is
essential.

Turning eggs during storage is designed to mimic the natural behavior of brooding hens, fostering consistent
embryonic development. Effective turning helps prevent the embryo from adhering to the inner shell membrane
and improves gas exchange, which are crucial for the overall well-being of the developing embryo (Lourens et
al., 2005).

Understanding the impact of storage duration and turning practices on hatchability is essential for optimizing
egg storage conditions and enhancing the efficiency of the poultry industry. By implementing best practices
based on this knowledge, such as determining the optimal storage period and frequency of turning, the industry
can improve hatchability rates and overall hatchery operations. This, in turn, contributes to increased
productivity and sustainability within the poultry farming sector.

1.1.4 Objectives

1.1.4.1 General objective

e To study the impact of egg storage duration and egg turning during egg storage on hatchability.
1.1.4.2 Specific objectives

e To study the possible connection between the length of egg storage on hatchability and embryonic
mortality.

e To know the loss of weight during storage and during incubation period.

To know the effect of storage period on day old chicks weight.
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1. Literature Review

To inhibit embryonic development during storage, eggs need to be kept at low temperatures. For eggs stored up
to 4 days, the egg room temperature should range from 20-25°C. For eggs stored between 4 to 7 days, the
temperature should be maintained between 16-17°C. Eggs stored for more than 7 days require an even lower
temperature, ideally kept at 10-12°C (Meijerhof, 1992).Storage indeed leads to water loss in eggs through
evaporation, and this rate is influenced by factors like temperature and relative humidity. Research indicates that
extended storage periods can have negative effects on both table-egg and hatching-egg quality (Samli et al.,
2005). During incubation, a normal process involves water loss, typically ranging from 12 to 14% for broiler
and turkey eggs (Rahn et al., 1981).Maintaining the appropriate level of water loss is crucial for optimal embryo
development and egg hatchability. If water loss is either too low or too high, it can negatively impact embryo
development (Meir et al., 1984). Additionally, prolonging the storage duration can lead to increased embryo
mortality during both storage and incubation, raising the risk of hatch failure (Whitehead et al., 1985). It's worth
noting that egg storage before incubation can have both adverse and beneficial effects, depending on various
factors.Research has shown that hatchability tends to decrease when eggs are set on the same day as oviposition
compared to eggs stored for 4 days (Asmundson&Macllraith, 1948a). One hypothesis for this decline is
attributed to the high viscosity of aloumen (measured as albumen height) in fresh eggs, which may hinder the
transport of oxygen to the developing embryo (Benton & Brake, 1996). Indeed, studies have shown significant
decreases in hatchability, with reductions of up to 5% per day observed after 7 days of egg storage (Mayes
&Takeballi, 1984). The detrimental effects of egg storage are often attributed to the decline in overall egg
quality, particularly in terms of albumen quality (Lapdo et al., 1999). Consequently, the conditions under which
eggs are stored before incubation can significantly impact hatchability, making this aspect a major concern in
commercial hatchery operations (Butler, 1990).

Fertility and hatchability play crucial roles in the profitability of a hatchery business (Peters et al., 2008).
Nonetheless, storing eggs for over a week is recognized to raise the occurrence of abnormal development and
mortality in embryos due to the decline in the consistency of egg white (albumen) (Petek&Dikmen,
2006).Prolonged egg storage leads to reduced hatchability and extended incubation periods. A widely accepted
rule in the hatchery sector is that for every day beyond a 10-day storage period, hatchability decreases by around
1% (Bakst &Akuffo, 2002).In the hatchery industry, a general rule is that hatchability decreases by about 1% for
each day of storage beyond 10 days (Bakst &Akuffo, 2002). There are reports indicating that storing eggs before
incubation can have both negative and positive impacts (Brake et al., 1993).Prolonged storage before incubation
has been shown to lower hatchability (Becker, 1964). However, there are studies suggesting that eggs stored for
a short period might have better hatchability than those immediately placed in an incubator after laying
(Asmundson&Macllraith, 1948a). Factors such as temperature, relative humidity (RH), storage duration, and
egg orientation have all been reported to affect embryo development during both storage and incubation (Butler,
1990).The duration of egg storage, although just one of several influencing factors, is often considered the most
crucial factor in achieving an adequate quantity and quality of chicks (Narahari et al., 1988). Effective
management of egg storage duration can have a significant impact on hatchability rates and the general health
and quality of the hatched chicks.

The eggshell serves as a protective barrier around the yolk and albumen, allowing for the exchange of carbon
dioxide, oxygen, and water through its pores during storage (Juergens&Bessei, 2016). Various environmental
factors can affect egg quality and contribute to its deterioration during storage (Silversides & Villeneuve, 1994).
Monitoring the pH of the albumen during storage can offer valuable insights into changes in albumen quality
over time (Akyurek&AgmaOkur, 2009). The porous nature of the eggshell aids in the release of carbon dioxide
and moisture (Biladeau& Keener, 2009).

1. Materials and methods

3.3.1 Experimental site
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This experiment was carried out from mid of June, 2023 to the end of July, 2023 at the Hy Po Agro Pvt. Ltd. of
Dang district, Lumbini province which is a Broiler Breeder Farm.

3.3.2 Birds and Management

e The breeder birds are housed in a deep litter housing system having an area of 8000 square ft. for flock of
3000 poultry.

e The breeder stocks are fed with self-made mash feed which has proper nutrition as per requirement standard
guideline of the Cobb breeder management.

e The birds are placed at the proper lighting management on the farm around 17 hours as per the Cobb
guideline.

e The well vaccinated birds are kept for research purpose.

3.3.3 Selection of Eggs
420 eggs of following characteristics are taken:

e Clean eggs without any blood stain and soiled

e Collected within 2 hours of laying

e Ideal shape and size

o Eggs with intact and strong shells without any cracks, deformities or thin spots.

3.3.4 Experimental design

The treatments were arranged in a completely randomized 3*2 factorial design with three storage periods (3,8
and 13 days), and with or without turning during storage, for total of six treatments. Turning involved rotating
the eggs 180 degree and was performed once a day in the morning; thus, eggs with the large end up were turned
so the narrow end was up, or vice versa.

3.3.5 Fumigation and sanitation

e  After collection and selection of every batch of eggs, the eggs were kept in a compact room for fumigation.
e In order to fumigate, Potassium permanganate and Formaldehyde in the ratio of 1:2 are mixed in a container
and left for 30 minutes.

3.3.6 Storage of Eggs

In all cases eggs were kept with the small end down at 80% RH in a storage chamber being turned 180° once a
day at regular intervals at 18 °C.

3.3.7 Egg Incubation

e Following storage, the eggs are pre-warmed before incubation by maintaining them in the room.

e All the eggs will be loaded into the incubator setting trolly at once.

e The incubator temperature is maintained at 99.5-100 °F and Relative Humidity of 85 %, and eggs turn at 45
degrees angle every hour. On the 18" day the eggs are transferred into hatcher, where temperature will be
99.5-100°F and Relative Humidity 90% without turning of eggs.

3.3.8 Egg weight loss and hatchability

Weight loss was assessed by weighing eggs on the day they were collected, on the final day of storage, and on
day 18 of incubation. Egg weight loss during storage was determined by subtracting the egg weight on the day
of collection from the egg weight on the last day of storage. Egg weight loss during incubation was calculated
by subtracting the egg weight on the storage day from the egg weight on day 18 of incubation.The hatching rate
was determined by considering all the eggs that were placed in the incubator and expressed as a percentage.
Each group's hatched chicks were counted, and their weight was measured to determine the chick weight.
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3.3.9 Statistical Analysis

Stored eggs were incubated for hatching, and the weights of the hatched chicks were recorded to calculate the
hatchability rate. The association between the weight change during different storage periods was analyzed
using a paired t-test for continuous variables, while the categorical variables and their impact on hatchability
differences were assessed using a Pearson chi-square test. These analyses were conducted at a 95% confidence
level using SPSS version 23.0.

V. Results
Table 1:Effect of egg storage period on wt. of egg

Turning Non turning

Storage Period|Egg wt. Egg wt. p value p value
Egg wt. (Before) |Egg wt. (After)
(Before) | (After)

3 70.98+0.53|70.47+0.53 |p<0.001|71.49+0.53 71.194+0.51  |0.006
8 70.3+0.60 |68.7+0.59 |p<0.001|72.46+0.45 71.03£0.46  |p<0.001
13 69.97+0.48|68.089+0.47 |p<0.001 | 71.85+0.53 69.96+0.54  |p<0.001
—o—3 Days =—e—8 Days 13 Days
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Figure 1:Line graph showing egg weight loss on Turning of egg during storage period

PAGE 25

«
«



International Journal of Veterinary Science and Agriculture Research
Volume 6 Issue 2, May-june 2024
ISSN: 2582-4112, Available at www.ijvsar.com

—o—3 Days =e—8 Days 13 Days
73
72.5 46
12 71.85
71.5 — 71.194
71 71.49
705 71.03
70
69.96
69.5
69
68.5
68
egg weight(b) egg weight(a)
Non turning

Figure 2:Line graph showing egg weight loss on Non- Turning of egg during storage period

There was a notable interaction observed between the duration of storage and egg turning in relation to egg
weight. Specifically, there was a significant difference in egg weight before and after a storage period of 13
days, both in conditions where the eggs were turned and in conditions where they were not turned (P<0.001).
The magnitude of the difference in average weight between after and before storage was substantial enough to
be statistically significant.

The difference in egg weight before and after storage was significant for both 8-day and 13-day storage periods,
irrespective of whether the eggs were turned or not (P<0.001). However, when comparing the mean difference
between the two storage periods, it was observed that the 8-day storage period resulted in less weight loss
compared to the 13-day storage period, in both turning and non-turning conditions.Interestingly, regardless of
the storage period, turning the eggs showed a greater difference in weight loss compared to not turning them.
This trend was consistent even for storage periods under 3 days. In the 8-day storage period, the mean difference
in weight loss was 0.7% for turning eggs and 0.4% for non-turning eggs. For the 13-day storage period, the
mean difference was 2.3% for turning eggs and 1.88% for non-turning eggs. Interestingly, in the 3-day storage
period, there was a significantly smaller difference in weight loss for non-turning eggs (P = 0.006), but for
turning eggs, there was a significantly larger difference in weight loss (P<0.001). This suggests that the effect of
turning on weight loss may vary depending on the duration of storage.

Table 2:Egg wt. loss during incubation period

Turning Non turning
Storage Period p value
Day 0 Day 18 Day 0 Day 18
3 70.74+0.53 62.03+0.64 71.194+0.51 62.05+0.48 p <0.001
8 68.697+0.59 60.85+0.47 71.02+0.50 62.13+0.33 p <0.001
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13 68.088+0.47 60.4+0.34 69.96+0.54 61.35+0.50 p <0.001
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70
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Figure 3:Line graph showing egg weight loss on Turning of egg during incubation period
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Figure 4:Line graph showing egg weight loss on Non- Turning of egg during incubation period

The average weight of the eggs significantly decreased during the incubation period across all storage duration
conditions. There was a notably large difference in egg weight during incubation for all storage periods (P <
0.001).

The p-values being less than 0.001 for each combination of storage period and treatment indicate a highly
significant difference in egg weight between Day 0 and Day 18 of incubation. This substantial decrease in egg
weight is consistent across all storage periods and treatments, as indicated by the significant p-values.This
implies that, regardless of the storage duration or treatment applied, there is a statistically significant decrease in
egg weight over the incubation period. Interestingly, in the 3-day storage period eggs, the highest reduction in
mean egg weight (indicating more water loss) was observed compared to the other storage periods. Conversely,
less water loss was found in long storage periods compared to shorter storage periods.

Table 3:Results of Incubation

Turning Non turning
Day p value
Hatched Infertile ED Hatched Infertile ED
3 58 7 5 56 6 8 0.699
8 53 10 7 51 9 10 0.896
13 52 10 8 41 13 16 0.015
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Figure 5:Bar graph showing result of incubation

As anticipated, fertile hatchability was higher in the three-day storage period, with rates of 92% for turning and
87% for non-turning cases. Interestingly, there was no significant difference in hatchability for the 3-day storage
period (P>0.05). However, in the 8-day storage period, there was a slight decrease in hatchability.In this
scenario, there was no significant difference between the turning and non-turning treatments in terms of
hatchability (P>0.05), but there were slightly more sellable chicks in the turning condition. The poorest result
was observed in the 13-day storage period non-turning condition with a hatchability rate of 72%, while the
turning condition showed a satisfactory rate of 86%, which was similar to the 8-day storage period. There was a
significant difference between the turning and non-turning conditions (P<0.05).

Eggs stored for 13 days without turning exhibited higher late embryonic mortality compared to non-turned eggs
stored for 8 days, whereas non-turned eggs stored for 4 days showed lower mortality than the other two periods.
There was a slight difference in embryonic death observed in turning conditions across the storage periods.

Table 4:Average weight of hatched chicks

Storage Period (Days) Chicks wt. p value
3 45.6510.60

8 45.95+0.76 0.917
13 46.0610.44

The p-value of 0.917 suggests that there is no statistically significant difference in the weight of chicks among
the three different storage period eggs. The data does not provide enough evidence to conclude that the storage
period of eggs has a significant effect on the weight of the chicks. The result suggests that, based on the data and
the statistical test performed, there is no strong evidence to conclude that the storage period of eggs has a
significant impact on the weight of the chicks.

V. Discussion

The experiments in this study revealed that advancements in artificial incubation technologies can lead to higher
hatching rates. Longer storage periods were associated with increased weight loss in both turning and non-
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turning conditions. This increased weight loss in eggs stored for longer periods is primarily attributed to water
loss but can also be influenced by transformation reactions occurring within the egg (Cherian et al.,
1990).During storage, a transformation occurs in ovalbumin, converting it into S-ovalbumin, while the
ovomucin-lysozyme complex dissociates, leading to the breakdown of ovomucin gel and the subsequent
liquefaction of the albumen. These changes are crucial for achieving improved incubation results. Additionally,
these reactions aid in the evaporation of water through the pores of the eggshell (Seibel et al., 2005).It's
plausible that egg turning increased the rate of evaporation when the wider end was turned upward. The act of
daily turning could have heightened eggshell conductance, which refers to the egg's gas exchange capacity. This
is because the wider end of the egg contains a greater number of pores, leading to increased conductance
(Aragjo et al., 2016).Storing eggs before incubation is a necessary management practice to optimize embryonic
development, and the associated egg weight loss is not entirely detrimental. Eggs that are incubated immediately
after laying typically exhibit lower incubation yields (Benton & Brake, 1996). Moreover, higher quality
albumen can make gas exchange during incubation more challenging. Therefore, before being incubated, eggs
are stored to increase albumen pH about 7.6 up to between 1.6 and 2.1, which causes its liquefaction and leads
to better hatching rates(Rocha et al., 2013).

The study revealed that eggs stored for 8 and 13 days experienced weight loss, although this did not affect
hatching rates in eggs stored for 3 or 8 days, which still exhibited higher hatching rates. The lower hatching
rates observed in non-turned eggs can be primarily attributed to the lack of movement of egg constituents. Elibol
et al. (2002) proposed that storing eggs with turning helps reduce the detrimental effects of storage on eggshell
membranes, which in turn promotes the normal development of the chorio-allantoic membrane during
incubation. This hypothesis may explain the higher hatchability observed in turned eggs.Hatchability is
influenced by increased embryo mortality, which is particularly notable on the second and third days of
incubation (Mousa-Balabel&Saleem, 2004). The higher hatchability observed in eggs stored with the small end
up is likely linked to the central position of the yolk, as well as the equatorial position of the blastoderm in the
egg (Brake et al., 1997).The findings on eggs stored for 13 days in my study, unrelatedly of the turning, revealed
higher late embryonic mortality compared to the other treatments. On the other hand, results found by (Brake et
al., 1997) showed that eggs turned 4 or 24 times a day, independent of the storage time, had similar late
embryonic mortality rates. The decrease in the number of hatched chicks and hatchability percentage observed
with an increase in storage period beyond day 4, as recorded in the study, could possibly be attributed to water
loss and albumen degradation during storage. This finding indicates that egg storage can lead to a decline in
hatchability percentage from 92% to 72% if eggs are stored for up to 13 days. This result was in line with the
findings of (Senbeta, 2016) who studied the effect of storage periods on egg weight loss, hatchability, and
growth performance of chicks and found that there is a decline in hatchability when eggs are stored for
prolonged periods. Similarly, (Yassin et al., 2008) addressed that storage duration beyond 7 days has a
pronounced effect on hatchability. It has been well known in numerous domestic fowl that egg storage longer
than 1 week significantly reduces hatchability(Asmundson & Macllraith, 1948b; Becker, 1964) which was
similar to my findings that eggs stored for 13 days had marked decrease in the fertile hatchability than in 8 and 3
days storage periods. A simple approach to preserve hatchability is to turn the eggs down during storage and
allow normal position during incubation(Schulte-Driiggelte, n.d.). This method of turning eggs down during
storage and allowing normal position during incubation was adopted in the present study and recorded an
increased hatchability of 2.92 % above the normal position.

There was significance difference in the weight loss during the incubation period, and was more in short storage
period than long storage period by comparing the mean difference between the variables. It was almost same to
the (Stepinska et al., 2016) which performed experiment in turkeys. About 10.5% to 12.5% is considered to be
ideal water loss (egg weight loss) according to(The Value of Understanding Moisture Loss in Incubation »
Cobb, n.d.). If the value is less than normal it can lead to reduced hatchability, potentially malformed chicks and
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if the humidity is high than it can lead to increased bacterial growth, difficulty in gas exchange, which can
negatively affect the developing embryo.

The negative effect of storage on embryonic mortality has been noted by researchers for some time(Sittmann &
Abplanalp, 1971). It has been established that embryonic mortality even before incubation can be measured and
that mortality increases as storage time lengthens(Fasenko et al., 1992). In broiler embryos, egg storage for 14
vs. 4 d increased embryonic mortality at early and late stages of incubation. Overall embryo mortality went from
10.7% in embryos of 4-d stored eggs to 27.7% in embryos from 14-d stored eggs(Fasenko et al., 1992).
Likewise, in my research there was 12% embryonic mortality in 3 days storage period and 28% in 13 days
stored eggs. According to (Surai et al., 2016) the effects of egg storage before incubation can reduce nutrients
and antioxidant properties of yolk, and these antioxidants are essential to the hatching of chicks; thus, embryos
are unable to hatch.

The relationship that exists between egg storage period and egg turning influenced chicks’ hatchability
percentage. The best performance in terms of chick hatched and hatchability percentage was observed in eggs
turned and stored for 3 days. However, slightly lower hatchability performance was seen in 8 days storage
period in both turned and non-turned condition. This result indicated that eggs stored for more than 7 days will
decline hatchability percentage from 94.82 to 76.30%. This result agreed with the reports of (Onbasilar et al.,
n.d.) who studied the effects of egg storage period on hatching egg quality, hatchability, chick quality, and
relative growth in Pekin ducks. In line with this, (Basha, 2015) reported that the main cause of low hatchability
of long-stored egg was the decrease of albumen viscosity and increased pH of the albumen. According to (Scott
& Silversides, 2000) and (Romao et al., 2008) a long storage period could be detrimental to hatching egg quality
and can also reduce hatchability.

(Kosin & St. Pierre, 1956) examined the effect of preincubation of turkey and chicken eggs before storage. In
both species, eggs that were warmed before storage of at least 7 d had higher hatchability than those not exposed
to incubation before storage. In broiler breeder eggs stored for 4 d the hatchability (89.7%) was significantly
lowered when the eggs were stored for 14 d (72.2%). The negative effect on hatchability was significantly
reduced (78.1%) when the eggs were incubated for 6 h before storage for 14 d(Fasenko et al., 2001).

Chick weight is the most widely used indicator for day-old chick quality valuation. Previous studies proved that
the hatching weight is determined by many factors such as genetic, egg weight, incubator environment, storage
length, and weight loss in the incubator(Schmidt et al., 2009). Increased egg storage period could reduce chick
weight and change in egg positioning as storage period increased could alter the chick weight positively(Ayeni
et al., 2020), which disagreed with my finding that storage duration did not affected the chick weight (P<0.05).
Rather, positive correlation exists between egg size and chick weight in broiler chickens. (Abiola et al. 2008)
also reported that small chicks hatched from small eggs, while large chicks hatched from large eggs in Anak
broiler breeder. Chick yield is one of the important factors in the incubation process and relates to the initial egg
weight (Tullet 2009).

VI.  Conclusion

Storage period and egg turning during storage affect the egg hatchability. It could, therefore, be inferred that
storage must not exceed 8 days for optimum hatchability. However, if eggs are to be stored for more than 8
days, it could be suggested that storing of eggs with turning might enhance the hatchability.
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