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Abstract. The study was carried out to investigate the effect of broiler breeder age (35 and 50 weeks),
storage period (2 and 6 days) and storage type (cooling, 30 °C hot room and partially oil covered in a hot
room 30 °C) and their interactions on egg quality traits and hatchability of the Ross-308 broiler breeder
eggs. The experiment included the measurements of the egg quality characteristics in the research
laboratory. The results obtained from this experiment were summarized as the following: Broiler breeder
ages had significant (p <0.05) effects on some of the improved quality traits of the eggs such as: egg
weight, albumin weight, yolk weight, haugh unit, yolk height, yolk index, hatchability and fertile egg
hatchability percentage. Storage periods had significant (p < 0.05) effects on the egg weight, albumin
weight, haugh unit, yolk index, hatchability and fertile egg hatchability percentage. Storage types
(conditions) had significant (p < 0.05) effects on the egg weight, albumin weight, yolk weight, haugh unit,
albumin and yolk percentage, aloumin height, egg specific gravity and yolk height, yolk diameter, yolk
index, hatchability and fertile egg hatchability percentage.
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Introduction

Breeder age could be considered as one of the major factors affecting variability in
egg characteristics, fertility, hatchability and broiler performance (Elibol et al., 2002;
Guibert et al., 2012; Peebles et al., 2001). It is known that young breeders tend to have
smaller eggs with higher proportion of albumen to yolk, lower albumen pH and higher
shell thickness than eggs from old breeders (Peebles et al., 2000). Breeder age could be
also a contributing factor to post- hatch performance of broilers, smaller yolk
proportions of eggs from a young flock may be associated with low final body weight of
their offspring (Ulmer-Franco et al., 2010). Hulet et al. (2007) reported that broilers
from old breeders had higher body weight until 35 d compared to broilers from the
young breeders. Generally, breeders kept in production till ages of 60-65 weeks. The
main factors directly associated with egg deterioration are temperature and relative
humidity, besides manipulation and storage period, however, during egg storage, some
components of albumen and yolk may alter and tend to deteriorate egg quality (Feddern
etal., 2017).

A storage duration beyond 7 d increases incubation duration (Tona et al., 2003) and
has a negative effect on hatchability (Fasenko et al., 2001b; Tona et al., 2004; Yassin et
al., 2008) and chick quality (Tona et al., 2003, 2004). The negative effects of prolonged
egg storage may be caused by changes in egg characteristics, embryo quality or by both
(Reijrink et al., 2008). Poor shell quality was associated with a higher percentage of egg
moisture loss during incubation (Peebles et al., 2001) and low hatchability (Narushin
and Romanov, 2002). It is suggested that prolonged egg storage may cause embryonic
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stress, manifesting in increasing embryonic necrotic and apoptotic cell death, decreased
embryonic metabolism, and developmental delays; as a result, irreparable damage to the
embryo may occur, thus resulting in increased embryonic mortality and decreased chick
performance (Christensen et al., 2001; Fasenko, 2007; Hamidu et al., 2010).

Preincubation of hatching eggs before or during storage was reported to reduce the
detrimental effects of periods of storage more than 7 d (Fasenko et al., 2001a; Reijrink
et al., 2009). The effect of preincubation on hatchability was found to be influenced by
the length of egg storage period and the developmental stage of the embryo before
(Reijrink et al., 2009) or after (Fasenko et al., 2001a) the heating. According to Santos
(2005), ambient temperature and prolonged egg storage negatively influenced the
quality of eggs and significantly reduced the Haugh unit. Factors associated with the
management and feeding of hens can play a role in internal egg quality, but egg
handling and storage practices also had a significant impact on the quality of eggs
reaching consumers (Jin et al., 2011).

The aim of this study was to investigate the effects of broiler breeder ages, egg
storage periods and egg storage types on egg quality traits and hatching percentage.

Materials and methods

This study was conducted at the laboratory and poultry farm of College of
Agricultural Sciences, University of Sulaimani, in Irag. A total of (4200 eggs) of broiler
breeder (Ross-308) were used in this experiment, at 35 and 50 weeks of breeder’s age.

The experiment was divided in to two stages, the first stage included storing the eggs
for 2 and 6 days in three types of storage conditions including (cooling, hot room 30 °C
and partially oil covered in hot room), followed by the second stage which started to
measure the egg quality characteristics in the laboratory.

The experimental studied factors were as the following:

Factor one: included two levels of broiler breeder ages (35 and 50) weeks.

Factor two: included two levels of storage periods (2 and 6 days).

Factor three: included three levels of storage type (storing of the eggs in cooling, hot
room at 30 °C and partially covered the eggs (blunt side) with oil in the hot room).

Egg test

Two thousand one hundred (2100) eggs were taken from each different breeder ages
and 1050 eggs were stored for each 2 and 6 days in the three types of storage condition
where 350 eggs selected for each type (storage types were denoted by cooling = C, hot
room 30 °C =H and partially oil covered in hot room = O), after storage periods 50
eggs from each group were taken to measure the quality characteristic of the eggs and
remain 300 eggs to for measure hatchability percentage.

Egg weight (g)

The eggs were weighed individually using sensitive electric balance type Mettler
toledo (max = 101 g and e = 0.1 mg) and recorded in gram (Fig. 1).

Albumin weight (g)

After yolk separation from albumin, albumin was weighed by using sensitive electric
balance type Mettler Toledo (max = 101 g and e = 0.1 mg) (Fig. 2).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):12419-12439.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1705_1241912439
© 2019, ALOKI Kft., Budapest, Hungary



Hemin — Khasraw: The effect of environmental conditions and breeder age on egg quality characteristics
- 12421 -

Figure 2. Sensitive electric balance type Mettler Toledo used to measure albumin weight

Yolk weight (g)
After yolk separation from albumin, yolk was weighed by the same balance (Fig. 3).

Shell weight (g)
Shell weight was calculated by the following equation:

Eqgg shell weight = Egg weight (g) — Yolk with albumin weight (g)
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Figure 3. Sensitive electric balance type Mettler Toledo used to measure yolk weight

Yolk, albumin and shell percentage
Traits were calculated by the following equations:

Yolk weight (g)
Egg weight (g)

Yolk % = x 100

Albumin weight (g)
Egg weight (g)

Albumin % = x 100

Shell weight (g)
Egg weight (g)

Shell % = x 100

Yolk, albumin ratio
The following equation was used to measure this trait:

Yolk weight (g)
Albumin weight (g)

Yolk, albumin ratio =

Albumin height (mm)

Albumin height was recorded after pouring albumin on the phial-layer by
Spherometer (Fig. 4).
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Haugh unit (HU)

Haugh unit was calculated depending on the albumin height (mm) and egg weight (g)
by the following equation:

HU =100 [log (H + 7.57 — 1.7 W%3")]
H = height of albumin (mm)
W = weight of egg (g)

Figure 4. Spherometer used for measure albumin height

Yolk height (mm)

Yolk height was recorded by the Spherometer after pouring yolk in to the Petri-dish
(Fig. 5).
Yolk diameter (mm)

Yolk diameter was recorded by the same Vernier after pouring yolk in to the Petri-
dish (Fig. 6).
Yolk index

Yolk index was calculated depending on the yolk height and yolk diameter (mm) by
using this equation:

Yolk height

Yolk index = ———
Yolk diameter

Egg specific gravity

Egg specific gravity was recorded after storing the eggs. Eggs were put-in the 9 of
salt solution and egg specific gravity takes the same specific gravity of solution that
float it.
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Figure 6. Digital Vernier used for measure yolk diameter

Fertility and hatchability
These traits were calculated by the following equations:

No. of fertile egg
No. of total settable eggs

Fertility % = x 100

No. of hatched chicks 5
No. of total egg set

100

Total egg hatchability % =
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Fertile egg hatchability 0 =0 Of hatched chicks -,

No. of fertile eggs

Statistical analysis

The present experiment was conducted using Completely Randomized Design
(C.R.D) with three factors namely broiler breeder ages, storage periods and storage
types to study the effect of these factors on the egg quality and hatchability traits.
Statistical analysis was accomplished using (Xlstat-2017 Program for Windows version
19.6). Duncan’s multiple range tests were used to determine the significance of
differences among treatments means. Level of significance used in all results was
(P <0.05).

Results
Egg weight (g) and albumin weight (g)

The effects of interactions between broiler breeder ages, storage periods and storage
types had significant (p < 0.05) effect on egg weight (g) (Table 1), the highest weight
(58.179 g) was recorded by broiler breeder 50 weeks of age with 2 day of storage period
and cooling condition of storage type and the lowest weight (46.931 g) was recorded by
broiler breeder 35 weeks of age with 6 day of storage period and hot room condition of
storage type.

Table 1. Effect of interactions between breeder ages, storage periods and storage types on
egg weight (g) and albumin weight (g) (mean + SEM)

E Traits
actors Egg weight (g) | Albumin weight (g)
Breeder ages (week) x Storage periods (day) x Storage types (C, H and O)

C 56.012% + 0.81 35.012%¢ + 0.2

2 H 50.139% + 0.29 30.717%f + 0.25
35 ) 55.836% + 0.72 35.079%¢ + 0.15
C 54.785% + 0.6 34,063 + 0.37

6 H 46.9319+0.98 27.9807 + 2.27
@] 52.803 +1.83 34.579%° + 1,16

C 58.1792+2.12 37.9212+0.51
2 H 51.120°+1.12 31.600%% + 0.59

50 @] 57.083%+ 0.65 36.103%* + 0.86
C 56.015% + 0.66 36.108% + 0.72

6 H 50.932¢+0.14 30.360° + 1.15
) 54.720% + 0.49 34,110 + 1,38

Mean values in the same column having different superscripts are significantly different at P <0.05.
Mean values in the same column having the same superscripts are not significantly different at P <0.05.
C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

The effects of interactions between broiler breeder ages, storage periods and storage
types had significantly (p <0.05) affected albumin weight (g) (Table 1), the highest
weight of albumin (37.921 g) was recorded by broiler breeder 50 weeks of age with
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2 day of storage period and cooling condition of storage type and the lowest (27.980 g)
was recorded by broiler breeder 35 weeks of age with 6 day of storage period and hot
room condition of storage type.

Yolk weight (g) and shell weight (g)

The effects of interactions between broiler breeder ages, storage periods and storage
types had significantly (p <0.05) affected egg yolk weight (g) (Table 2), the highest
value of yolk weight (15.780 g) was recorded by broiler breeder 50 weeks of age with
2 day of storage period and oil covered condition of storage type and the lowest
(12.360 g) was recorded by broiler breeder 35 weeks of age with 6 day of storage period
and oil covered condition of storage type. Also, there were no significant (p <0.05)
effects of interactions between broiler breeder ages, storage periods and storage types
on egg shell weight (g) (Table 2).

Table 2. Effect of interactions between breeder ages, storage periods and storage types on
yolk weight (g) and shell weight (g) (mean + SEM)

Traits
Factors Yolk weight (9) | Shell weight (g)
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 15.000°+ 0.1 6.000%+0.12

2 H 13.668 +0.28 5.754*+ 0.19

35 @) 14.131° +0.06 6.626% + 0.2
C 14.200° + 1.63 6.5222+0.73

6 H 13.000° + 0.89 5.9512+ 0.32

@) 12.360° + 1.02 5.8642+ 1.4

C 15.090% +0.18 5.168%+ 0.26

2 H 14.800% £ 0.71 4.720%+0.03

50 @) 15.780% + 0.06 5.2008+0.31
C 15.110*+0.32 4.797°+£0.3

6 H 14.920% + 0.24 5.652% + 0.26

@) 15.180% + 0.08 5.4308+0.76

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Albumin and yolk percentage

The effects of interactions between broiler breeder ages, storage periods and storage
types had a significant (p <0.05) effect on albumin percentage (Table 3), the highest
value of albumin percentage (65.487%) was recorded by broiler breeder 35 weeks of
age with 6 day of storage period and oil covered condition of storage type and the
lowest (59.609%) was recorded by broiler breeder 50 weeks of age with 6 day of
storage period and hot room condition of storage type.

The effects of interactions between broiler breeder ages, storage periods and storage
types had a significant (p < 0.05) effect on yolk percentage (Table 3), the highest value
of yolk percentage (29.294%) was recorded by broiler breeder 50 weeks of age with
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6 day of storage period and hot room condition of storage type and the lowest
(23.408%) was recorded by broiler breeder 35 weeks of age with 6 day of storage
period and oil covered condition of storage type.

Table 3. Effect of interactions between breeder ages, storage periods and storage types on
albumin and yolk percentage (mean = SEM)

Traits
Factors Albumin (%) | Yolk (%)
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 62.508%° £ 0.1 26.780%° £ 0.23

2 H 61.264 + 0.49 27.260% £ 0.2

35 @) 62.825%° + (.93 25.308% +0.11
Cc 62.176%° + 0.36 25.920%° + 0.16

6 H 59.619¢+ 0.42 27.700%° + 0.29

0 65.4872+0.2 23.408¢+0.17

Cc 65.1802+ 0.51 25.937%¢ £ 0.4

2 H 61.815%°+ (.25 28.951% +0.18

50 @) 63.247%° £ 0.45 27.644% +0.21
Cc 64.461% £ 0.21 26.975%¢ £ 0.11

6 H 59.609¢ + 0.33 29.2942 £ 0.24

@) 62.336% + 0.36 27.741% £ 0.22

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Shell percentage and yolk albumin ratio

The effects of interactions between broiler breeder ages, storage periods and storage
types had a significant (p < 0.05) effect on shell percentage (Table 4), the highest value
of shell percentage (12.680%) was recorded by broiler breeder 35 weeks of age with
6 day of storage period and hot room condition of storage type and the lowest (8.564%)
was recorded by broiler breeder 50 weeks of age with 6 day of storage period and
cooling condition of storage type. Also, there were no significant (p <0.05) effects of
interactions between broiler breeder ages, storage periods and storage types on yolk
albumin ratio (Table 4).

Albumin height (mm) and haugh unit

The effects of interactions between broiler breeder ages, storage periods and storage
types had a significant (p < 0.05) effect on Albumin height (mm) (Table 5), the highest
value of albumin height (7.500 mm) was recorded by broiler breeder 50 weeks of age
with 2 day of storage period and cooling condition of storage type and the lowest value
(3.400 mm) was recorded by broiler breeder 35 weeks of age with 6 day of storage
period and hot room condition of storage type.

The effects of interactions between broiler breeder ages, storage periods and storage
types had a significant (p <0.05) effect on Haugh unit (Table 5), the highest value of
Haugh unit (87.066 mm) was recorded by broiler breeder 50 weeks of age with 2 day of
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Table 4. Effect of interactions between breeder ages, storage periods and storage types on
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Factors Shell (%) [ Yolk albumin ratio
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 10.712% £ 0.12 0.428*+ 0
2 H 11.476%® £ 0.24 0.4452+0.01
35 o] 11.867% +0.48 0.4032+ 0.01
C 11.905% + 0.25 0.4172+ 0.005
6 H 12.6802 +0.24 0.465% + 0.008
o] 11.105® £ 0.14 0.3572+ 0.005
C 8.883% + 0.27 0.3982+0.011
2 H 9.233%+0.17 0.468? + 0.005
50 o] 9.110%® + 0.14 0.4372+0.003
C 8.564°+ 0.15 0.418%+ 0.003
6 H 11.097% £ 0.15 0.491*+0.01

o] 9.923% + 0.22 0.4452+ 0

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at

P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Table 5. Effect of interactions between breeder ages, storage periods and storage types on

albumin height (mm) and haugh unit (mean + SEM)

Factors Albumin height (mm) | HU
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 6.990% + 0.12 84.642+1.2
2 H 4.100% +0.12 64.6779+1.02
35 O 6.300% £ 0.13 80.207° + 0.96
C 5.030% + 0.09 70.949¢+ 0.49
6 H 3.400° +0.02 59.202¢ + 0.35
O 5.010% + 0.03 71.632°+0.49
C 7.500%+ 0.03 87.066 + 0.67
2 H 4.600% + 0.04 68.857¢+ 0.22

50 O 7.3002 £ 0.07 86.2012+ 0.6
C 7.100% +0.18 85.314%+ 1.59
6 H 3.760%* +0.18 60.763% + 1.03
O 6.010% +0.11 78.574° + 0.84

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room
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Egg specific gravity and yolk height

Also, The effects of interactions between broiler breeder ages, storage periods and
storage types had significant (p < 0.05) effect on egg specific gravity (Table 6), the
highest value (1.090) was recorded by both broiler breeder 35 and 50 weeks of age
with 2 day of storage period and cooling condition of storage type and the lowest
(1.070) was recorded by broiler breeder 35 weeks of age with 6 day of storage period
and hot room condition of storage type, also, the value (1.070) obtained from breeders
50 weeks of age with 2 and 6 day of storage period and hot room condition of storage
type.

The interactions between broiler breeder ages, storage periods and storage types
had significant (p < 0.05) effect on yolk height (mm) (Table 6), the highest value of
yolk height (19.290 mm) was recorded by broiler breeder 50 weeks of age with 2 day
of storage period and cooling condition of storage type and the lowest (16.300 mm)
was recorded by broiler breeder 35 weeks of age with 6 day of storage period and hot
room condition of storage type.

Table 6. Effect of interactions between breeder ages, storage periods and storage types on
egg specific gravity and yolk height (mm) (Mean + SEM)

Traits
Factors Egg specific gravity ‘ Yolk height (mm)
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 1.090% =+ 0.002 18.640%+0.12

2 H 1.075° + 0.001 16.680" + 0.09

a5 0 1.080% + 0.002 18.400% + 0.29
C 1.080% + 0.002 17.480% £ 0.24

6 H 1.070°+0 16.300¢ + 0.21

0 1.080% + 0.001 17.060% + 0.18

C 1.090°+ 0 19.290% + 0.05

2 H 1.070° + 0.001 18.120*+0.15

- 0 1.080% + 0.001 19.260% + 0.05
C 1.080% + 0.001 18.590% + 0.11

6 H 1.070° + 0.001 17.510® +0.13

0 1.075°+ 0 18.390% + 0.23

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Yolk diameter (mm) and yolk index

The interactions between broiler breeder ages, storage periods and storage types had
a significant (p <0.05) effect on yolk diameter (mm) (Table 7), the highest value of
yolk diameter (40.110 mm) was recorded by broiler breeder 50 weeks of age with 6 day
of storage period and hot room condition of storage type and the lowest value
(35.280 mm) was recorded by broiler breeder 35 weeks of age with 2 day of storage
period and cooling condition of storage type.
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The interactions between broiler breeder ages, storage periods and storage types
had significant (p < 0.05) effects on yolk index (Table 7), the highest value of yolk
index (0.544) was recorded by broiler breeder 50 weeks of age with 2 day of storage
period and cooling condition of storage type and the lowest value (0.408) was
recorded by broiler breeder 35 weeks of age with 6 day of storage period and hot room
condition of storage type.

Table 7. Effect of interactions between breeder ages, storage periods and storage types on
yolk diameter (mm) and yolk index (mean + SEM)

Factors Traits
Yolk diameter (mm) ‘ Yolk index

Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 35.280%+0.16 0.528%+ 0.47

2 H 38.570%% + 0.41 0.432°+ 0.51

35 @) 36.140% + 0.24 0.509% + 0.44
C 35.910% + 0.28 0.486" + 0.46

6 H 39.890% £ 0.2 0.408f + 0.47

@) 36.440°9 + 0.16 0.468% + 0.45

C 35.4109+0.22 0.544% + 0.44
2 H 39.450%¢ + 1.28 0.459% + 0.57

50 @) 35.830% + 0.16 0.5372+ 0.45
C 35.780% + 0.08 0.519% + 0.44

6 H 40.1102+0.31 0.436%f + 0.47

@) 36.010% + 0.35 0.510% + 0.45

Means values in the same column having different superscripts are significantly different at P < 0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Hatchability and fertility percentage

The interactions between broiler breeder ages, storage periods and storage types
had a significant (p < 0.05) effect on value of hatchability (Table 8), the highest value
(91.00%) of hatchability was recorded by broiler breeder 50 weeks of age with 2 day
of storage period and cooling condition of storage type and the lowest value (32.33%)
was recorded by broiler breeder 50 weeks of age with 6 day of storage period and hot
room condition of storage type. Also, there were no significant (p <0.05) effects of
interactions between broiler breeder ages, storage periods and storage types on
fertility (Table 8).

Fertile egg hatchability

The interactions between broiler breeder ages, storage periods and storage types
had significant (p <0.05) effect on values of fertile egg hatchability percentage
(Table 9), the highest value (96.26%) of fertile egg hatchability was recorded by
broiler breeder 35 weeks of age with 2 day of storage period and cooling condition of
storage type and the lowest value (35.14%) was recorded by broiler breeder 50 weeks
of age with 6 day of storage period and hot room condition of storage type.
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Table 8. Effect of interactions between breeder ages, storage periods and storage types on

hatchability and fertility eggs percentage (mean + SEM)

Factors

Hatchability (%0)

Fertility (%)

Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)

C 90.00 2+ 4.83 93.50  + 4.67
2 H 63.339+6.71 94.33 2+ 8.56
35 @) 77.00°+11.76 +7.99
C 85.50 ° + 4.27 92.50 2+ 10.03
6 H 40.00 T+ 2.36 91.67 + 7.66
0 51.00 ¢+ 3.79 92.002+11.02
C 91.002+4.44 95.00 2+ 8.01
2 H 64.00 ¢+ 10 93.002+10.41
50 0 77.33°+5.88 92.332+8.89
C 83.00°+7.41 91.50  + 5.56
6 H 32.339+8.82 +10
@) 50.00 ¢ +3.41 94.002+4.24

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Table 9. Effect of interactions between breeder ages, storage periods and storage types on
fertile egg hatchability percentage (mean + SEM)

Traits

Fertile egg hatchability (%)
Breeder ages (week)x Storage periods (day) x Storage types (C, H and O)
96.26 2 + 4.52
67.149+14.43

82.50 ¢+ 14.43
92.43°+19.25

43.64 T+ 10.99

55.43 ¢+ 14.53

95.79 2+ 10.32
68.829+11.25
83.75°+9.87
90.71°+7.66

35.14 9+ 16.67
53.19°+3.82

Means values in the same column having different superscripts are significantly different at P <0.05.
Means values in the same column having the same superscripts are not significantly different at
P <0.05. C = cooling, H = hot room 30 CO and O = partially oil covered in hot room

Factors

35

50

I OO0ITOO0IOOoITO

o
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Discussion

The increase of egg weight with advancing age of broiler breeders (older breeders)
may be due to increase the parts of egg components (especially yolk and albumin
weight) giving more growth and activation of the reproductive system of broiler
breeders compared to younger breeders. This can be explained by the associated
increase in egg weight with age. Similar results were reported by several investigators
with respect to egg weight increase with advancing age of broiler breeders (Javid et al.,
2016; Akyurek and Okur, 2009; Yildirim, 2005; Vieira et al., 2005).

Also, the results of the present study indicated that egg weight of fresh egg decreased
and egg weight loss increased with prolonged eggs storage period and storage condition.
When the storage period is extended the egg weight declines due to loss of moisture
from the egg, and the value of egg weight in oil covered was similar to eggs stored in
cooling condition, because of the oil covered condition preventing the loss of more
moisture from the eggs compared with un covered eggs in the hot room. These results
with respect to the effect of storage period on egg weight loss agreed with those of
Reijrink et al. (2010) and Gonzalez (2010).

Gualhanone et al. (2011) also, showed that heavier eggs resulted in heavier chicks, as
expected, corroborating several authors that reported a positive correlation between egg
weight and chick weight, older breeders with heavier eggs produced heavier chicks,
irrespective of incubation temperature, chick weight is an important factor in broiler
growth, since it was reported that there is a positive and strong correlation between
chick weight at hatch and broiler market weight (42 to 45 days of age). Similar results
were reported by several investigators with respect to egg weight increase with
advancing age of breeders (Yildirim, 2005; Vieira et al., 2005; Zakaria et al., 2009).
This severe effect of older breeders may be considered as a method of improving the
percentage of high quality chicks obtained from older breeders.

The increase in the albumin egg weight in older breeders may be due to more growth
and activation of the reproductive system of females compared to younger breeders
(Javid et al., 2016). And albumin weight was decreased with a longer storage period of
egg and storage condition, this is caused by water loss or migration from the albumin.
These results were in agreement with the suggestions of Yeasmin et al. (2014) and Jin et
al. (2011) whom reported that the albumin weight was greatly influenced by the storage
temperature condition and storage period of the eggs.

Generally, the present study showed that the interaction between the main factors
showed clearly the decreased the egg weight and albumin weight for old broiler
breeders (50 weeks), this was may be due to the storage periods and storage condition
that caused the loss of moisture from the egg. The present results are very similar to
those reported by Reijrink et al. (2010), Gonzalez-Redondo (2010) and Jin et al. (2011).

Yolk weight increasing by progressing the age may be due to more activation of
reproductive system of females and liver activity compared to younger breeders; these
results were similar to the finding by Javid et al. (2016) that recorded the increase in egg
components by old breeders compared with young breeders. And yolk weight increased
with a longer storage period of egg and storage condition this was caused by some of
water migration from the albumin to the yolk, these finding of the present study were in
agreement with chose by several authors (Khan et al., 2014, 2013; Demirel and Kirikci,
2009) who reported positive correlation between increased yolk weight with increased
storage periods and condition. The interaction between the main factors showed clearly
the increase of yolk weight for old broiler breeders (50 weeks) was caused by activity of
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reproductive system of females and liver, and for storage periods and conditions, this
was may be due to the and migration of moisture from the albumin to the yolk. The
results were very similar to the results reported by Javid et al. (2016), Khan et al. (2014,
2013) and Demirel and Kirikci (2009).

According to the present results there were no effects of main factors and their
interactions on shell weight, however, numerically shell weight increased with
advancing of age in broiler breeders and the other factors (storage periods and storage
conditions) had no effect on shell weight. These findings were in line with Yeasmin et
al. (2014), Akyurek and Okur (2009) and Silversides and Scott (2001), who reported no
effect of storage period and storage temperature on egg shell weight.

Albumin and yolk percentage of eggs were affected significantly by storage
conditions and the interaction between broiler breeder ages, storage periods and storage
conditions. When decreased albumin ratio already increased yolk ratio, this was because
albumin loses more water than yolk, which caused a proportional increase in yolk ratio.
The results were similar to the finding of Demirel and Kirikci (2009) and Kirikei et al.
(2005) whom found the effect of storage period on albumin and yolk percentage.

The cause of affecting of interaction between broiler breeder ages, storage periods
and storage type conditions on increasing of shell percentage may be due to decrease of
other eggs component ratio during storage period. Shell ratio determined in the present
study was similar to the finding of Demirel and Kirikci (2009).

According to the results there were no effects of main factors and their interactions
on yolk albumin ratio. However, numerically there was a little difference between the
interactions of main factors; this is may be due to the variety and the proportion of the
yolk and albumin of eggs during the storage periods and storage conditions. These
results were in agreement with those suggested by Suk and Park (2001).

In the present study, there was not effect of broiler breeder ages on albumin height,
but there was a significantly effect of interactions between broiler breeder ages with
storage temperature condition on albumin height. These results were consistent with the
findings of Yeasmin et al. (2014) and Silversides and Scott (2001), who reported the
reduction of albumin height was due to the decrease in thick aloumen height, because of
breakdown of the ovomucin-lysozyme complex during storage periods.

In the present study the storage of eggs clearly reducing of (HU) between young and
older breeders. Also, these disparate effects caused by the influence of interaction of age
with storage (Tona et al., 2004), these results may be due to increase of egg weight and
albumin height of eggs from old broiler breeders compared to young broiler breeders.
This result of reduced HU was due to age of broiler breeders or storage periods which
were consistent with the reports of Akyurek and Okur (2009), Tona et al. (2004) and
Silversides and Scott (2001).

The results showed that Haugh unit values decreased with increased egg storage
periods and conditions in the present study, water loss from the egg, or migration of
water from the albumen to the yolk or evaporation from the eggs components is the
most likely reason of it. These results were consistent with the findings of Monira et al.
(2003), who reported that values decreased with storage period. The present results
relating to the effect of storage period on Haugh unit were similar with the findings of
Grashorn et al. (2016), Alsobayel and Albadry (2011), Nowaczewski et al. (2010),
Demirel and Kirikgi (2009) and Tilki and Saat¢i (2004), who reported that the Haugh
unit significantly decreased with increasing days of storage, due to loss of water from
the eggs.
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There was no significant effect of broiler breeder ages on egg specific gravity, these
results were in agreement with Gualhanone et al. (2011) and Akyurek and Okur (2009),
who reported that no effect of breeder age on (ESG). On the other hand, specific gravity
of eggs declined gradually with the advancing storage period as a resulted in maximum
decreases at hot room of storage condition in both covered and non-covered with oil,
but the specific gravity of eggs kept at room temperature declined more rapidly than
that of cooling temperature condition, this might be due to the size of the air cell with
increase of storage period and temperature the size of the air cell increased. These
results were in agreement with Yeasmin et al. (2014), Alsobayel and Albadry (2011)
and Akyurek and Okur (2009), who observed the size of the air cell increased with
different storage temperatures.

In the present study the yolk height values were increased by advancing the age of
broiler breeders, this was may be due to the size of yolk in heavy egg (this was clearly
observed in continued Table 1 that the highest egg weight (58.179 g) was recorded by
broiler breeder 50 weeks of age with 2 day of storage period and cooling condition of
storage type) compared to light egg, but yolk height decreased with increase of storage
periods and storage temperature, this was may be due to the decrease of the strength of
vitelline membrane that caused loss a little of water from the yolk and finally it caused
the change in yolk index value. These results were confirmed with Abdel-Azim and
Farahat (2009) and Giinlii et al. (2007), who found the change of yolk index value under
the effect of changing yolk height value.

The increase in yolk diameter observed in the present study could be due to decrease
of the strength of vitelline membrane. When eggs are stored under room temperature for
long periods, the strength of vitelline membrane breaks which makes the yolk to spread
into the albumin. These results were in agreement with Kirunda and McKee (2000),
who reported that vitelline membrane strength decreases during storage and makes the
yolk more susceptible to breaking, as a result, water slowly enters into the yolk from the
albumen, so this creates a mottled appearance in yolk, and the yolk becomes flattened.
The yolk diameter values were higher in room temperature, because at a very high
temperature, the amount of water migration from the albumen to the yolk is high, which
helped to increase yolk diameter (Yeasmin et al., 2014).

The results of Table 7 also showed that the yolk index (Y1) values were significantly
decrease with increased storage periods which was most likely due to water loss from
the egg. On the other hands, the yolk index values equation depended on the yolk height
and yolk diameter, when the yolk diameter increased with increase storage periods and
conditions which resulted in an increase the Y1 values. These results were similar to
those found by Abdel-Azim and Farahat (2009), Giinlii et al. (2007), Gupta et al. (2007)
and Kuzniacka et al. (2005).

The results in the present study showed that hatchability percentage was significantly
affected by ages of broiler breeders, storage periods and storage type conditions. These
results may be return to the effect of these factors on the egg quality; changes in the
quality of eggs can affect the embryonic development during the incubation period and
finally the hatchability results. On the basis of the results obtained, it can be concluded
that present results in this study were confirmed by Sebastian et al. (2016), who found
the lower levels of hatchability parameters were recorded in Ross 308 broiler breeders
over 40th weeks of age. Hatchability was significantly lower in the eggs incubated at
high ambient temperature (Gualhanone et al., 2011). Some negative changes in egg
quality of all poultry species were reported due to prolonged storage period. For
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example, water loss from eggs was related to hatchability (Kozuszek et al., 2009). Also,
variations in hatchability may be explained various factors, such as: storage duration,
care of hatching eggs, age of breeder, age of broody birds, quality of eggs, seasons,
nutrition (Miazi et al., 2012).

The hatchability values recorded by Khan et al. (2013), Mustafa and Al-Sardary
(2009), Reijrink et al. (2009), Demirel and Kirik¢1 (2009) and Fasenko et al. (2001b)
were very close to the results of the present study. Some embryos of eggs stored for a
long period could not begin developing instantly after normal incubation temperatures
were provided. Khan et al. (2013) found the significant differences in the hatchability of
the total of the incubated eggs according to the duration of the storage period before the
incubation.

Mustafa and Al-Sardary (2009) finding that the highest hatchability percentage was
obtained in the young breeders (33 weeks) compared with old breeders (53 weeks).

Also, Reijrink et al. (2009) noted the detrimental or beneficial effect of pre-storage
incubation when storage period was prolonged. Hatchability characteristics were
affected by storage period, decreasing with increased storage period, similar results
were found by Demirel and Kirik¢1 (2009).

According to Fasenko et al. (2001b), the effect of pre-storage incubation on
hatchability when storage period is prolonged depends on the developmental stage of
the embryo after pre-storage incubation.

According to the present results there were no significant effects of storage periods
and storage conditions on the fertility percentage, these results may be due the
occurrence of the fertilization of the eggs in the fundamental part of female reproductive
system inside the body therefore these factors did not affect on the fertility percentage.

On the other hands, it was shown that the eggs’ fertility depends on various factors,
such as: age, breed, season, lighting, level of nutrition, time of mating and number of
mail with females (Miazi et al., 2012).

Fertility percentage found in the present study was similar to fertility percentage
reported in previous studies of Khan et al. (2014) and Demirel and Kirikg1 (2009), who
reported that there was no positive or negative effect of storage period on the fertility
value.

According to the results of the present study there were significant effects of main
factors and their interactions on hatchability of fertile eggs. Hatchability of fertile eggs
also may be influenced by same factors that affected total hatchability such as storage
duration, care of hatching eggs, age of broody birds, quality of eggs, seasons and
nutrition (Miazi et al., 2012). Also, Mustafa and Al-Sardary (2009) found that the
highest hatchability of fertile eggs percentage was obtained in the young breeders
(33 weeks) compared with old breeders (53 weeks). In embryos less or further advanced
damage caused by prolonged storage period might be irreversible and sometimes might
cause embryonic mortality. Similarly, Tona et al. (2001) reported the process of embryo
development in Cobb hens at different ages (27-60 weeks) also reported a rapid increase
in the total embryonic mortality during incubation of eggs laid by older hens (46-
64 weeks of age). Significant differences were found in the hatchability of the fertile
eggs according to the duration of the storage period before the incubation conducted by
Khan et al. (2013).

Reijrink et al. (2009) found that hatchability of fertile eggs in broiler breeder stored
for 3, 5 and 8 d were higher than hatchability of fertile eggs stored for 12 d at 16 °C to
18 °C.
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Some embryos could not begin developing immediately after normal incubation
temperatures if stored for a long period reported by Tona et al. (2001).

In conclusion, some of the quality traits of the eggs were significantly affected by
broiler breeder ages, storage periods and storage types such as: egg weight, albumin
weight, yolk weight, haugh unit, yolk height, yolk index, hatchability and fertile egg
hatchability percentage.

Conclusions

Some of the quality traits of the eggs were significantly affected by broiler breeder
ages, storage periods and storage types such as: egg weight, albumin weight, yolk
weight, haugh unit, yolk height, yolk index, hatchability and fertile egg hatchability
percentage. According to the results of the present study, the following points can be
recommended: If the purpose of eggs production was for hatching, we recommend
purchasing eggs laid by younger breeders than older breeders that is useful for owners
of the hatcheries, but if the purpose of eggs production was for table eggs
(consumption) we recommend to purchasing the eggs laid by older layers than younger
layers that is useful for the commercial sellers and for consumers. Also, the best storage
condition for storage (keeping) the eggs was under the cooling condition, but if this
condition is not prepared because of disorder or disable of hatcheries machine,
disconnect of electric source or prepare the large number of the eggs we recommended
storage the eggs under oil covered condition (partially covered by oil) for short period
(1-2 days) to prevent the water loss from the eggs.
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