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ABSTRACT
The quality of the hatching eggs decreases when the storage period is prolonged leading to a loss of water from the
egg. The current study aimed to assess the effects of coverage, storage, and pre-incubation on egg characteristics of
broiler breeders. A total of 360 broiler breeder eggs (Ross, 308) used in the current study were randomly distributed
in a three-factorial experiment (2 × 2 × 3). The study included two treatments for coverage (covered with nylon and
uncovered), two treatments (4 and 7 days) for storage, and three treatments (0, 4, and 8 hours) for pre-incubation. For
each treatment, there were three replicates (10 eggs in each replicate). The eggs were pre-incubated at 37.5°C
(99.5°F) and 85% relative humidity, while the storage temperature was 15-18°C and 55-60% relative humidity. The
results showed that the hatchability from fertile eggs significantly increased in covered eggs, compared to uncovered
ones. However, the characteristics of the shell and the shape index were not significantly affected by the three factors.
Yolk high and yolk index significantly decreased in eggs stored for seven days, compared to the eggs stored for four
days. Eggs coverage during storage significantly reduced moisture loss on the first and seventh days of egg
incubation, compared to uncovered eggs. In addition, the lowest significant value of moisture loss appeared at
incubation days of 7, 15, and 18 for covered eggs with 4 days of storage but without pre-incubation. In conclusion,
the results of the present study indicated that the coverage decreased moisture loss during egg storage. Furthermore,
the interaction between coverage factor and pre-incubation factor indicated the albumin high increased significantly
in eggs covered and pre-incubated for 8 hours.
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Rocha et al., 2013). Bloom et al. (1998) explained that the
prolonged period of hatching egg storage may lead to
shrinkage of blastodermal cells by either apoptosis or
unplanned programmed death due to the increasing
number of dead cells (Mather and Laughlin, 1979;
Fasenko, 2007). Al-Samrai (2012) found that the 14 days
storage process after the pre-incubation of the eggs for 12
hours led to a clear deterioration in the yolk characteristics
as the yolk heigh decreased significantly, compared to the
egg yolk stored for 4 days after pre-incubation for 12
hours.
Several studies have indicated that a storage period of
more than seven days reduces the hatchability, and the
harmful effect of prolonged storage increases even more if
the storage temperature is higher than 21°C (Ruiz and
Lunam, 2002). The reason is that this temperature is
considered the physiological zero degrees for broiler
embryos, under which no embryonic development occurs
during storage (Fasenko, 2007), and it is the required

INTRODUCTION
The storage of hatching eggs is a common and necessary
process in the poultry industry. The length of the egg
storage period, which ranges from a few days to several
weeks, depends on several factors, including the age of the
breeders’ flocks, the capacity of the hatching incubators,
and the market demand for broiler chicks (Özlü et al,
2021; Tesarova et al, 2021). The quality of the hatching
eggs decreases when the storage period is prolonged,
which leads to a loss of water from the egg (van den Brand
et al., 2008), a decrease in the egg weight, shell weight,
albumin high, haugh unit, and the yolk index, but in
return, it results in a rapid increase in the pH of the
albumin and the yolk (Samli et al., 2005). Degradation of
egg albumin viscosity (Khan et al., 2014) is due to the
increased liquidity that comes from the decomposition of
carbonic acid into water and CO2 (Nasri et al., 2020) as
well as the gas exchange that takes place between the
embryo and its external environment (Brake et al., 1997;
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2007/526/CE, the hatching eggs in the current study were
used for experimental and other scientific purposes.

temperature for the growth of the blastoderm. Therefore,
some researchers have indicated that the hatching eggs can
be kept at temperatures that may reach 28°C if the storage
period is less than four days, but if the storage period is up
to seven days, the storage temperature must be reduced to
15°C. If the storage period is longer than seven days, the
storage temperature should not exceed 11°C (Butler,
1990).
Pre-incubation is the process of exposing the hatching
eggs to the same normal incubation conditions in the
incubators of a temperature (37.5°C, 99°F) and relative
humidity of 85%, turning then for 4-12 hours (Reijrink et
al., 2009), then, the eggs are stored at a temperature of
18°C and relative humidity of 55-60% (Fasenko, 2007).
This process aims to accelerate the development of the
embryo into stages helping it to withstand a long period of
storage without causing mortality. Reijrink et al. (2009)
confirmed that the pre-incubation process reduces the
deterioration in the internal quality traits of the egg,
compared to the stored eggs without pre-incubation for
varying periods. It should be noted that the thermal
stimulation of eggs through pre-incubation accelerates the
cellular metabolism, as the energy from the carbohydrates
present in the egg is relied upon in the first place and then
the yolk sac would be consumed (Kollmann Filho et al.,
2020).
Water is lost from hatching eggs through evaporation
during storage, the rate of water loss is affected by several
factors, including relative humidity, temperature, and
porosity of the shell and the movement of air has a slight
effect on the rate of water loss. Moreover, many
researchers noted the hatchability is better when less water
is lost from the egg (Meijerhof, 1992). Packaging eggs
with bags have an advantageous effect on egg quality as it
prevents loss of moisture and CO2 (Reijrink, 2010), and
reduces the gas exchange between the egg and the external
environment (Proudfoot, 1964), which leads to slower
degradation of albumin quality and keeps the pH from
rising (Becker, 1964; Proudfoot and Hamilton, 1990;
Brake et al., 1997). The present study aimed to evaluate
the possibility of reducing the negative impact of storage
on the quality of hatching eggs through pre-incubation and
coverage, as well as reducing moisture loss in broiler
breeders’ eggs.

Experiment design
A total of 360 eggs from broiler breeders (Ross, 308)
were used in the current study brought from the broiler
breeder houses in the College of Agriculture at the
University of Anbar, Iraq (the broiler breeders age at the
time of egg collection was 33 weeks). The eggs were then
randomly distributed in a three-factorial experiment (2 × 2
× 3). The study included two treatments for coverage
(covered with nylon and uncovered), two treatments for
storage (4 and 7 days), and three treatments for preincubation (0, 4, and 8 hours). For each treatment, there
were three replicates (10 eggs in each replicate). The eggs
were brought in two stages (180 eggs in each stage) with a
three-day interval. The eggs of the first group, which were
scheduled to be stored for 7 days at noon, were collected
and entered into pre-incubation and storage the next day.
The second group of eggs was scheduled to be stored for 4
days and they were then collected three days after the first
stage of collection. The eggs of the secong group were
treated by the same operations performed on the first
group. The first group was stored for 7 days and the
second for 4 days. The first six groups were divided into
two groups, three of which were subjected to preincubation (for 0, 4, and 8 hours) and then stored in the
refrigerated storage room, while the other three were
exposed to the same pre-incubation hours, covered with
nylon for food preservation (Falcon), and then stored for 7
days in a refrigerated storage room at a temperature of 1518°C. After three days, eggs were brought from the same
flock and the same house. Moreover, the performed
operations were the same as the ones carried out on eggs
stored for 7 days. The eggs were pre-incubated (0, 4, and 8
hours) at 37.5°C (99.5°F) and 85% relative humidity,
while the storage temperature applying the same time
intervals was 15-18°C and 55-60% relative humidity.
Then, all eggs were inserted into the incubator for 21 days
to study the effect of coverage, storage, and pre-incubation
on moisture loss.
Egg quality parameters
After the eggs collecting in the two stages, all eggs
were weighed and the longitudinal and transverse axis
were measured to calculate the shape index. Three eggs
were withdrawn from each treatment after pre-incubation,
coverage, and storage to study the effect of the three
factors (individually and interaction) on the egg quality. In
addition, all eggs were weighed at days 1, 7, 15, and 18 of
incubation to evaluate the effect of coverage, storage, and

MATERIALS AND METHODS
Ethical approval
According to Directive 2010/63/EU of 22 September
2010, and recommendation of the European Commission
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pre-incubation on egg weight and moisture loss. The
hatchability and egg characteristics were measured after it
was placed in the refrigerator for 24 hours. Therefore, the
egg contents remained steady, in order for the thick
albumin to take a full gelatinous texture, so measuring its
high would be easy. Thereafter, the eggs were weighed
individually and then broken on a flat glass surface with a
bottom mirror in it to measure all the qualitative
characteristics of the eggs, including yolk traits and shell
traits according to the method suggested by Al-Fayadh et
al., (2011). Shell weight per unit surface area (SWUSA)
was measured according to the equation presented by
Nordstrom and Ousterhout (1982) and derived from Carter
(1975).
shell weight (mg)
SWUSA =
3.9782 × (egg weight (mg))0.7056

multiple range test at probability value (p < 0.05, Duncan,
1955).
RESULTS AND DISCUSSION
The results described in Table 1 indicated that the
hatchability from fertile eggs significantly increased (p <
0.05) in covered eggs, compared to uncovered eggs. and
there were no significant differences (p < 0.05) in the
SWUSA, thickness of the shell, relative weight of the
shell, and the shape index, whether between the two
coverage treatments, between the two storage treatments,
and between the pre-incubation treatments.
The
interactions between each of two factors or between the
three factors indicated no significant differences.
Table 2 indicates that the seven-day egg storage
period significantly reduced the yolk high and the yolk
index, compared to the four-day egg storage period (p ≤
0.05). Nevertheless, the yolk high and yolk index were not
affected by coverage and pre-incubation. Moreover, haugh
unit, relative weight of yolk and albumin, albumin high,
and albumin index were not affected by any of the three
factors individually. However, the results of interaction
between coverage factor and pre-incubation factor were
recorded the highest significant increase (p < 0.05)in
albumin high in eggs covered and incubated for 8 hours (p
< 0.05).

Moreover, the percentage of egg weight loss was
calculated through the equation mentioned by Zang et al.
(2019).
Statistical analysis
Data were analyzed by three-way analysis of variance,
as the first factor included the effect of the two coverage
treatments, the second factor included the effect of the two
storage treatments, and the third factor included the effect
of pre-incubation treatments using the general linear
model (GLM) procedures of SAS. The significant
differences among the means were tested by Duncan's

Table 1. Effect of coverage, storage, and pre-incubation in Hatchability and Shell characteristics of broiler breeder (Ross, 308)
eggs
Treatments
Coverage (C)
Uncovered
Covered
Storage (S)
4 days
7 days
Pre-incubation (P)
0 hour
4 hour
8 hour
SEM
Mean
P-value

Hatchability
from total eggs
(%)

Hatchability
from fertile
eggs (%)

SWUSA

Shell
thickness

Shell weight
(%)

Shape index

71.82
74.40

80.45b
90.22a

77.0
76.4

0.307
0.300

9.09
9.10

77.09
77.42

71.72
74.50

82.94
87.73

76.4
77.0

0.296
0.312

9.08
9.11

77.53
76.93

78.57
68.60
72.17

87.30
81.35
87.35

74.8
75.0
80.0

0.295
0.294
0.320

8.88
8.89
9.47

77.54
77.24
76.94

2.71
73.11

2.42
85.33

0.969
76.7

0.004
0.304

0.109
9.09

0.605
77.2

0.7588
0.7568
0.0881
0.9544
0.2762
0.6208
0.6007

0.5131
0.0959
0.0708
0.2607
0.1791
0.7701
0.9577

0.9891
0.9029
0.0701
0.9707
0.2335
0.3893
0.6983

0.8261
0.6811
0.9532
0.9723
0.9903
0.6874
0.8659

C
0.5948
0.0316
S
0.5669
0.2746
P
0.2463
0.4346
C×S
0.8488
0.1119
C×P
0.0704
0.1220
S×P
0.1790
0.2813
C×S×P
0.0518
0.1990
SWUSA: Shell weight per unit surface area. SEM: Standard Error Mean
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Table 2. Effect of coverage, storage, and pre-incubation in broiler breeder (Ross, 308) eggs characteristics
Haugh unit

Albumin
weight (%)

Yolk
weight %

Albumin
high

Yolk
high

Albumin
index

Yolk
index

58.57

57.0

28.6

4.15

16.3

28.8

0.405

Covered

62.71

57.2

28.3

4.46

16.0

27.9

0.396

4 days

61.46

57.1

28.8

4.35

16.7a

28.3

0.420a

b

28.3

0.380b

Treatments
Coverage (C)
Uncovered
Storage (S)
7 days

59.35

57.1

28.1

4.24

15.6

Pre-incubation (P)
0 hour
4 hour
8 hour

59.60
60.76
60.02

57.3
57.8
56.4

28.2
28.4
28.8

4.20
4.30
4.37

15.8
16.3
16.4

27.6
28.4
28.9

0.395
0.404
0.404

SEM

1.36

0.499

0.390

0.120

0.174

0.921

0.0059

Mean
P-value

60.4

57.1

28.5

4.29

16.2

28.3

0.401

0.0596
0.2913
0.7926
0.1792
0.0621
0.1811
0.0051

0.8745
0.9705
0.5751
0.5925
0.8083
0.5943
0.9325

0.7522
0.4834
0.8242
0.7830
0.5577
0.5134
0.4801

0.0855
0.4950
0.6682
0.2582
0.0489
0.2821
0.0007

0.3989
0.0009
0.1014
0.0054
0.2519
0.3584
0.1893

0.5676
0.9682
0.7427
0.8370
0.1901
0.5339
0.0008

0.3379
0.0008
0.5624
0.0063
0.6896
0.2373
0.6073

C
S
P
C×S
C×P
S×P
C×S×P

SEM: Standard Error Mean, a,b,c: means in the same columns with different superscripts differ significantly at probability value (p < 0.05)

Table 3. Effect of coverage, storage, and pre-incubation in weight loss of broiler breeder (Ross, 308) eggs
Treatments
Coverage (C)
Uncovered
Covered
Storage (S)
4 days
7 days
Pre-incubation (P)
0 hour
4 hour
8 hour
SEM
Mean
P-value
C
S
P
C×S
C×P
S×P
C×S×P

Percentage of moisture loss during incubation (%)

Initial egg weight
(gm)

1 day

7 days

15 days

18 days

62.03
60.16

1.12a
0.749b

4.57a
4.18b

9.84
9.34

11.8
11.1

60.70
61.70

0.89
0.97

4.31
4.45

9.44
9.74

11.4
11.5

60.91
61.38
61.29

0.81
1.04
0.95

4.19
4.57
4.39

9.17
10.00
9.61

11.5
11.6
11.3

0.653
61.18

0.0546
0.936

0.0813
4.38

0.160
9.59

0.201
11.5

0.1850
0.4474
0.9625
0.4782
0.7357
0.4600
0.2864

0.0006
0.4369
0.2077
0.0057
0.2806
0.1697
0.1297

0.0149
0.4105
0.1555
0.0831
0.3464
0.0821
0.0166

0.1108
0.3377
0.0973
0.2593
0.2006
0.0374
0.0395

0.0580
0.9343
0.8759
0.1521
0.6378
0.6183
0.0482

SEM: Standard Error Mean. a, b, c in the same column with different superscripts differ significantly at the level of p < 0.05
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As for the results of the three factors interaction, the
highest significant value (p < 0.05) was for haugh unit and
albumin high in covered eggs, stored for 7 days, and preincubated for 8 hours (p < 0.05). On the other hand,
uncovered eggs, stored for 7 days and pre-incubated for 8
hours, as well as covered eggs, stored for 7 days, which
had not been subjected to pre-incubation, recorded a
significant increase (p ≤0.05) in the albumin index.
The percentage of moisture loss was calculated during
the egg incubation period (18 days) decreased significantly
(p < 0.05) at the first and seventh days of egg incubation in
the covered eggs during the storage period, compared to
the uncovered eggs during the storage period (Table 3). In
addition, the results of the interaction between the
coverage and storage factors indicated that the lowest
significant percentage of moisture loss on the first day of
incubation was in the covered and stored eggs for 4 days
(p < 0.05). As for the interaction between storage and preincubation factor, the lowest significant percentage of
moisture loss was on day 15 in eggs that were stored for 4
days and were not subjected to pre-incubation (p < 0.05).
The same applies to the interaction of the three factors, as
the covered eggs, stored for 4 days, which were not
subjected to pre-incubation, recorded the lowest
significant percentage of moisture loss on days 7, 15, and
18 of incubation (p < 0.05).
The results of this study were in accordance with the
results of a study by Günhan and Kırıkçı (2017) revealing
that the shell thickness and the shell weight were not
affected by the length of the storage period. It was also
indicated that the length of the storage period led to a
significant decrease in the yolk index. Jin et al. (2011)
found a significant decrease in the haugh unit and relative
weight of the shell and albumin, and a significant increase
in the pH of albumin and yolk when eggs were stored for
10 days at different temperatures. The decrease in the yolk
index of eggs subjected to longer storage may be due to
the transfer of water from the albumin to the yolk during
storage. On the contrary, the transfer of free amino acids
from the yolk to the albumin through the membrane of
yolk leads to a decrease in the concentration of solid
materials in the yolk. The transfer of water and nutrients
between yolk and albumin is linked to an increase in the
pH that leads to a weakening of the yolk membrane and an
increase in its permeability of water and nutrients (Heath,
1975; Nasri et al., 2020). The perivitelline layer in the yolk
sac became thinner and more elastic because it lost some
of its components leading to the reduction of the yolk

index. This disadvantage results from prolonged storage
time (Fasenko et al., 1995; Brake et al., 1997).
Branum et al. (2016) indicated that there was a
significant correlation between length of storage time and
loss of moisture from the egg. The highest percentage of
moisture loss during storage was for eggs stored for 12
days, compared to eggs stored for 3, 5, and 8 days, also the
percentage of moisture loss for eggs that pre-incubated six
hours was higher than eggs that did not pre-incubated
(Reijrink et al., 2009). Fasenko et al. (2001) also explained
that the interaction between storage and pre-incubation
factors increases the weight loss of eggs after storage, as
the highest percentage of weight loss was in the preincubated eggs for 18 hours, stored for 14 days during the
storage period, and that the lowest percentage of weight
loss was in eggs four-day stored that were not preincubated. The findings of a study by Fasenko et al. (2001)
partly agreed with the current results indicating that the
longer the period of storage and the more the hours of preincubation, the higher the percentage of weight loss. Long
exposure to storage and pre-incubation can increase the
process of evaporation of water from the eggs (Fasenko et
al., 2001). The highest moisture loss during storage is for
albumin because it contains the largest percentage of
moisture in the egg, compared to the other parts of the egg,
so the loss of moisture leads to shrinkage of the internal
contents of the egg and a decrease in its weight (Reijrink,
2010).
The results of the weight loss percentage regarding
egg coverage were in agreement with the results of Becker
(1964), indicating that keeping the hatching eggs in
Cryovac or polyethylene bags significantly reduced the
percentage of weight loss when storing eggs for 15 days.
Meyer and Spencer (1973) also found that coating of eggs
with Epolene wax, polyvinylidene chloride, and acrylic
resin significantly reduced moisture loss with eggs that
were not coated. Davis and Beeckler (1962) found that the
best coverage method to preserve moisture and CO2 is
Cryovac bags. Nevertheless, Proudfoot (1964) did not find
a significant effect of coverage during storage in the
percentage of moisture loss.
The long storage periods led to a decrease in the
quality of eggs, so that the use of plastic coverage can
enhance the hatchability. Improving hatchability using
covering comes from reducing water and CO2 loss (Mayes
and Takeballi, 1984). Otherwise, uncovered eggs would
evaporate their contents of H2O and CO2 which lead to an
increased pH of albumin. It can be concluded that the
hatchability may be improved by covering because of
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maintaining the stability of temperature as well H2O and
CO2 levels (Becker, 1964). Regardless of the type of bags
used to preserve the eggs, the gaseous environment
provided by the coverage plays a role in improving the
hatchability, and the packaging eggs in plastic bags
recorded a lower level of albumin high. However, the most
significant negative impact of coverage is the growth of
molds due to the high humidity of the covered eggs. To
overcome this problem, some researchers suggested
adding a desiccant, such as silica gel, CaCl2, and sawdust
to reduce the humidity. The other suggested operations are
cleaning the eggs and collecting the eggs that will be
covered later from a clean and dry litter before coverage to
reduce the chances of contamination, in addition to
cooling the eggs (Becker et al., 1964).
The use of egg coverage is more feasible in older
broiler breeders, as the functional properties of cuticle
change with the aging of the broiler breeders, and their
ability to water loss would be increased (Peebles and
Brake, 1986) as that young broiler breeders produce
thicker shells and have longer pores, compared to the
shells produced by older broiler breeders. The shell is
thinner as a result of age progression, but it may be thick if
the egg production decreases relative to the calcium intake
(Peebles and Brake, 1987). The quality of the shell,
determined by the number and size of the pores in addition
to the thickness of the shell, affects moisture loss as well
as the activity of the embryo and the amount of moisture
in the external environment of the egg (Bergoug et al.,
2013).
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