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SUMMARY

The aim of this study was to identify the optimal storage duration of incubated eggs of Dandarawi hens
on embryonic mortality, hatchability, one-day chick weight and viability of chicks at 14 days of age. Eggs
were collected 4 times daily for 15 consecutive days and stored at 16°C and 70% RH until sorted into
treatments and then were incubated for 21 d under standard incubation conditions. The 15 experimental
groups and control group were as follows: The fresh eggs as control incubated in the same day of lay,
while eggs of one to fifteen experimental groups (GI to G15) were stored from d 1 to 15, respectively.
Three replications of 80 eggs per group treatment per incubation setting (total of 3,840 eggs) were studied.

The results showed that, the albumen height, Haugh units and egg yolk index were lower (P<0.05) in
eggs stored from 1 to 15 d than in fresh eggs, but the egg yolk percentage (EYP) was higher (P<0.05). At
0 to 5 dof storage had no effect on viability of chicks at 14 days of age (VC), but storage periods of more
5 d decreased (P<0.05) VC. Day-old chick weights and chick weights at hatch as percentage of egg
weights increased slightly when storage days increased. The hatchability of eggs was lower (P<0.05) with
longer periods of storage, but the embryonic morality percentage increased (P<0.05) during the periods
from 0 to 6 d and from 13 to 21 d of incubation.

Present results suggest that hatchability declines with presetting storage start 1 d after lay, possibly due

to deterioration in egg quality.
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INTRODUCTION

Due to variable market demand for 1-d-old
chicks in the poultry industry and the
maximum hatchery capacity, the total length
of egg storage varies between a few days and
several weeks. Storage of hatching eggs beyond
7 d is associated with an increase in incubation
duration (Mather and Laughlin, 1976; Tona et
al., 2003), a decrease in hatchability (Becker,
1964; Merritt, 1964; Fasenko et al., 2001b; Tona
et al., 2004; Yassin ef al., 2008), and a decrease
in chick quality (Byng and Nash, 1962; Merritt,
1964; Tona et al., 2003, 2004). During egg
storage, embryo viability declines, likely due to
an increase in cell death (Arora and Kosin, 1968;
Bloom et al, 1998). In addition, egg
characteristics change due to a loss of CO, and
water from the egg. Albumen pH increases from
about 7.6 to about 9.0 within 4 d of storage
(Lapdo et al., 1999). Yolk pH increases from
about 6.0 to about 6.5 (Shenstone, 1968),
albumen viscosity decreases (Shenstone, 1968;
Burley and Vadehra, 1989), and the strength of
the yolk membrane decreased as well as during

prolonged cold storage (Fromm, 1966; Jones et
al., 2002). These changes in embryo viability and
egg characteristics may be related to the negative
effects of prolonged egg storage on hatchability
and chick quality (Becker et al., 1968; Meijerhof,
1992; Reijrink et al., 2008).

Increasing the number of storage days increases
the proportion of embryonic mortality during
storage and incubation and thereby increases the
probability of failure to hatch (Whitehead et al.,
1985; Yoo and Wientjes, 1991; Scott and
Mackenzie, 1993). Influence of the number of
storage days before incubation on proportion of
embryos that died up to Day 7 of incubation, i.e.,
early embryonic mortality, and on proportion of
embryos that died from Day 8 through Day 22 of
incubation, i.e., late embryonic mortality, has
been assessed among fertile eggs (Yoo and
Wientjes, 1991; Scott and Mackenzie, 1993).
Each proportion of early or late embryonic
mortality increased at different rates for broiler
eggs incubated immediately, compared with those
incubated after 7 d in storage (Scott and
Mackenzie, 1993). As the number of days in
storage increased from 0 to 20, the proportion of
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early embryonic mortality increased in each of
two layer lines, but the proportion of late
embryonic mortality increased in only one line
(Yoo and Wientjes, 1991).

The albumen height of all eggs and Haugh
units are at maximum when the egg is laid and
decreases  with  increased storage time
(Kahraman-Dogan er al, 1994; Jones et al.,
2002). Silversides and Villeneuve (1994)
reported that changes in albumen quality during
storage are described equally well by albumen
height and HU. Stern (1991) reported that, after
oviposition, carbon dioxide is released from the
egg, resulting in an increase in albumen pH from
about 7.6 to 9.5 within a short period of time,
whereas the yolk remains slightly acid, at a pH
around 6.5. Therefore, a 1,000-fold hydrogen ion
concentration gradient (3 pH units) may exist
across the blastoderm. The rise in albumen pH
with storage time and hen age is associated
with a decrease in albumen height and viscosity.
Albumen liquefaction probably facilitates the
movement of nutrients from the albumen to the
blastoderm (Brake et al., 1997) and may reduce
resistance to gaseous diffusion (Meuer and
Baumann, 1988). The extended periods of egg
storage allow the albumen to degrade
excessively. This degradation causes the
blastoderm to move into close proximity to
the eggshell, so that early embryonic mortality
results from dehydration during the early stages
of incubation (Brake et al., 1993).

According to Deeming (1995), day- old
chick quality can be related to several factors,
such as incubator quality, incubation
environment, and egg characteristics. Although
egg storage is a normal practice after egg
collection and often a necessity in commercial
incubation, it negatively influences egg quality
and embryo development and results in a longer
incubation time (Muambi et al, 1980).
Furthermore, the spread of hatch can be
influenced by the storage length of incubating
eggs (Muambi et al, 1980; Christensen ef al.,
2001a), resulting in an increase in the number of
chicks that experience delayed access to first
feed (Decuypere et al., 2001). Because the end
of 7 d of rearing is often considered as the true
starting point for production, the performance
(chick relative growth) of the chicks at this
time may be an additional indication of chick
quality. Chick relative growth rather than
absolute weight gain measure the speed of
growth in time and had previously been used to
determine chick performance (Kihn et al,
1982).

In this paper, the influence of storage days on

egg quality, the distribution for time of
embryonic mortality during incubation, fertile
hatchability and chick’s viability at 14 days of
age had been evaluated for Dandarawi chicken
hatching eggs.

MATERIALS AND METHODS

Experimental Design:

This experiment was carried out at the
Poultry Research Farm, Faculty of Agriculture,
Assiut University, Assiut, Egypt. Hatching eggs
were collected from 31 to 32 weeks of age
Dandarawi hens. Eggs were collected 4 times
daily for 15 consecutive days and stored at 16°C
and 70% RH until sorted into treatments and set
into incubators. Any abnormal shaped eggs were
eliminated. The eggs were incubated in a
Petersime setter and hatcher. The setter was
operated at 37.4+0.2°C dry-bulb temperature and
28.940.2°C wet-bulb temperature. The Hatcher
was operated at 37.24+0.2°C dry-bulb temperature
and 30.0+0.2°C wet-bulb temperatures. Eggs
were turned once per hour through an angle of 90
from d 2 to 18 of incubation and then they were
transferred to the hatcher. The 15 experimental
groups and control group were as follows: The
fresh eggs as control incubated in the same day
of lay (C), while eggs of one to fifteen treatments
groups (G1 to G15) were stored from d 1 to 15,
respectively. Three replications of 80 eggs per
group treatment per incubation setting (total of
3,840 eggs) were studied.

Egg Quality:

Thirty eggs were taken from each group. Egg
weight was recorded to the nearest 0.1 g using
special automatic balance and broken onto a flat
surface where the height of the albumen was
measured half way between the yolk and the
edge of the inner thick albumen by a
micrometer as described by Brant and Shrader
(1952). The diameter of yolk was measured,
using sliding caliber. The yolk was separated
from the albumen and then yolk was weighted.
Individual Haugh unit (Haugh, 1937) score was
calculated using the egg weight and thick
albumen height (Doyon et al., 1986), using the
following formula: Haugh unit = 100 Log (H —
1.7X W*¥ +7.6). Where: H = the observed
height of the thick albumen in millimeters and W
= Weight of egg (grams). Also, the egg yolk
index (EYI) was calculated by dividing the
yolk’s height X 100 /yolk’s diameter.

Hatching parameters:
Eggs were individually weighed and labeled
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in order to identify the hatchlings with the eggs
for each treatment (in pedigree baskets).. On d 6
and 12 of incubation, eggs were examined by
candling to identify clear eggs and embryonic
mortality. Eggs with embryonic development
were considered fertile. After 510 h of
incubation, the number of hatched chicks was
recorded, weighed and it was expensed as
percentage of egg weight, while all un-hatched
eggs were opened to determine embryonic
mortality from d 13 to 21 plus pipped. Fertile
hatchability was calculated as the number of
chicks hatched per fertile egg set. Embryonic
mortality was calculated as a percentage of
fertile eggs and divided into 4 categories:
embryonic mortality from d 0 to 6, from d 7
to 12, from d 13 to 21, and pepping.

Chick’s viability:

All of the hatched chicks were reared up to
14 d of age at 30 to 32°C on floor pens. The
photoperiod was 24 hrs / day during the first 3
days, which was gradually decreased by one
hr/week, and a grower diet (2,800 kcal
metabolizable energy and 18% crude protein)
and water were provided ad libitum. The number
of dead chicks was recorded daily and viability
calculated of chicks.

Statistical Analyses:

The effect of storage duration was analyzed
by one-way ANOVA with the general linear
model (GLM) procedure (SAS Institute, 2004).
Significance of differences among means was
partitioned by the Duncan option (SAS Institute,
2004). Statements of statistical significance were
based upon P<0.05.

RESULTS AND DISCUSSION

The results presented in Table 1 showed that
during storage, the albumen height (AH), Haugh
units (HU) and egg yolk index (EYI) decreased
(P<0.05) but the egg yolk percentage (EYP)
increased (P<0.05). These results are in
agreement with those of many authors
(Oosterwoud, 1987; Scott and Silversides, 2000;
Silversides and Scott, 2001; Jones and
Musgrove, 2005). Scott and Silversides (2000)
reported that eggs from 31-wk-old ISA-White
and ISA- Brown hens were sampled immediately
after lay and after periods of storage of 1, 3, 5,
and 10 d at room temperature. Longer periods of
storage resulted in lower albumen weight and
AH. Silversides and Scott (2001) found that
during storage, albumen weight of eggs from
ISA-White and ISA- Brown hens decreased and

yolk weight increased slightly. Also, Jones and
Musgrove (2005) revealed that, during storage,
AH and HU decreased significantly (P<0.01).
The longer periods of storage resulted in higher
EYP because the strength of the vitelline
membrane decreased during storage due to the
yolk absorbing water (Oosterwoud, 1987). Jones
et al. (2002) reported that the elasticity of the
vitelline membrane increased with egg age.

The results presented in Table 2 showed that
the hatchability of eggs (F) was lower (P<0.05)
with longer periods of storage, but the
embryonic morality (EM) percentage increased
(P<0.05) during the periods from 0 to 6 d and
from 13 to 21 d of incubation. The improvement
in F in control seems to be due to the reduction
in EM. El-Hammady et al. (2012) reported that
normal hatchability of Dandarawi hens under
production conditions were 78.0 and 65.3% in
Autumn and winter, respectively. These results
are in agreement with those found by Decuypere
and Bruggeman (2007), Elibol and Brake (2008)
and Reijrink et al. (2010) who found that
hatchability decreased with increasing egg
storage period as percentage early and late
embryonic mortality increased. Prestorage
incubation decreased embryonic mortality during
the first 2 d of incubation, which was in
agreement with Reijrink er al. (2009). Many
investigators reported that egg storage longer
significantly = reduced F  (Scott, 1933;
Asmundson, 1947; Kosin, 1950; Merritt, 1964,
Whitehead et al., 1985; Fasenko et al., 2001a,b)
and increased EM (Merritt, 1964; Mather and
Laughlin, 1976; Fasenko ef al., 1992, 2001a, b;
Brake et al., 1997; and Elibol et al., 2002) with

increasing storage length. Lapa et al. (1999)
suggest of that declines in hatchability with
presetting storage start 1 d after lay, possibly due
to deterioration in egg albumen quality. Each
study suggests that the number of storage days
before incubation might influence the
distribution for time of embryonic mortality
during incubation. There are two phases of
increased embryonic mortality during incubation:
the first phase occurs during the first week of
incubation and the second phase during the last
week (Payne, 1919; and Byerly, 1930).
Preincubational egg storage is known to
affect general egg quality (yolk membranes,
yolk, perivitelline layers). The incidence of more
abnormal and dead embryos may be related to a
higher number of embryonic cells with necrotic
nuclei (Arora and Kosin, 1966b) and an increase
in number of apoptotic cells (cells programmed to
die) as a result of storage (Arora and Kosin,
1966a; and Mather and Laughlin, 1979). Bakst
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and Akuffo (1999) observed that a reduction of
32.8% in total number of turkey embryonic cells
occurred during the first 2 d of storage. The
initiation of embryonic development is delayed,
which could be brought into relation with the
delay in hatching time. This delay is seen in a
later occurrence of the start of internal pipping
(IP) and a prolonged IP stage (Tona et al., 2003).
Moreover, the rate of embryonic development is
slower due to longer storage, but this
phenomenon is not observed for all embryos,
indicating that not all embryos are affected by
storage in the same way (Fasenko et al., 2002).
Not only growth but also metabolism is found to
be influenced by storage time. It has been shown
that the metabolism of embryos, as measured
indirectly by embryonic CO2 output, proceeds at
a slower rate. Interestingly, Fasenko (1996)
showed that turkey embryos from 14-d stored
eggs relied more upon gluconeogenesis during
pipping and hatching than embryos from 4-d
stored eggs. Christensen ef al., (2001b) showed
that embryos from a line that resisted storage
mortality ~ maintained  higher  glycogen
concentrations in muscle and heart tissues than
those from a line susceptible to storage. The
ability of the embryos to metabolize adequate
carbohydrate reserves at time of hatching seems
to be an advantage for embryonic growth and
survival.

The results presented in Table 2 showed that
day-old chick weights and chick weights at hatch
as percentage of egg weights increased slightly
when storage days increased. Silversides and
Scott (2001) reported that, during storage of eggs
from ISA-White and ISA-Brown hens, albumen
weight decreased and yolk weight increased
slightly. Yolk weight could be expected to
increase with a longer period of storage as amino
acids move through the vitelline membrane from
the albumen (Heath, 1977). Fasenko (1996)
demonstrated increased hepatic and renal
gluconeogenic activities in turkey embryos from
eggs that were stored prior to setting, compared
to controls. In contrast, in the study of Reijrink et
al. (2009), prestorage incubation (PSI) did not
affect chick length on the day of hatch when egg
storage was prolonged.

The control as well as G1 to G5 had no effect
on viability of chicks at 14 days of age (VC), but
VC was lower (P<0.05) when storage days
increased from 6 to 15 d (Table 2). Reijrink ef al.
(2010) reported that chick quality decreased
when storage time increased. Tona et al. (2003,
2004) have shown that prolonged egg storage
had a negative effect on chick quality in
terms of physical parameters on the day of

hatch, relative growth during the first 7 d of
life, and weekly body weight until the
slaughter age. Day-old chick quality is the result
of events during embryonic development, and
from the foregoing, it is clear that storage clearly
affects embryonic development in different
aspects (Decuypere and Bruggeman, 2007).

In general, storage period affected F, EM and VC.
Our study suggests that incubation of Dandarawi
eggs stored for longer periods decreases
hatchability. Additional research is needed to define
optimal incubation conditions to increase
hatchability of Dandarawi eggs.
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Table 1. Effect of eggs storage days on egg quality (n=30 eggs)

Items Egg weight  Albumen height Haugh Units Egg yolk index Egg yolk
Treat (g) (mm) (mm) (%) (%)
Go  47.4+031 8.13% +0.31 92.55° +1.65 58.52% +0.73 32618 +042
G1 47.5+0.32 6.97° +0.24 86.23" +1.43 56.05* +0.87 33.698  £0.60
G2 4734029 5.56° +0.23 76.97° +1.74 53.11° +0.79 34.13°®  +0.53
G3  47.1£0.28 5.319+0.22 75.55° +1.57 53.15° +0.98 3434 10.61
G4  47.6+0.33 4.97°%+0.28 72.31% £2.28 51.11% +1.07 34.65%  +0.62
G5  47.6+0.34 4.83%110.29 71.82°°+2.08 49.39% +0.71 34.78° 1+0.62
G6  47.0+0.36 4.54%% 10,15 68.85% +1.41 48.49% £0.95 34.91°% +£0.53
G7 4744037 4.27°%+0.19 67.67%%+1.72 48.30% +1.04 34.92°%f 10,72
G8  47.5£0.38 4251023 67.0%%2 09 47.59%+(.80 35.33%4f 10,64
GY  47.4+028 415" +0.17 65.88°%1+1.93 46.42°%+0.73 35.55%401( 63
G10  47.7+0.29 3.99%" +0.19 64.88 +1.65 46.17°%+0.60 35.65%% £0.61
G11  47.6+0.39 3.89¢"40.18 63.85+£1.98 46.07°%+1.15 36.35%¢ 10,52
G12  47.840.28 3.79M +0.18 62.42% 11,79 45.87°+1.10 36.57" +0.56
G13  47.3+0.25 3.75M +0.26 61.698" +2.78 45.25% +0.73 36.88%°  +0.52
Gl4  47.8+0.24 3.74" £0.25 60.87" +2.60  44.42% £0.91 36.95%  +0.54
G15  475+0.26 3.320 +0.15 57.150 +1.85 44.128 +0.92 37.23*  +0.46

* Means + SE within each column with different superscripts are significantly different (P<0.05).
Go to G15 = the eggs were stored from d 0 to 15, respectively.

Table 2. Effect of eggs storage days on fertile hatchability (FH), embryo mortality (EM), egg weight
(EW), day -old chick weights (DCW), chick weights at hatch as percentage of egg weights (DCWP)

and viability of chicks (VC)

EM (%)
IT“"“‘S FH (%) Oto6dof 7Ttol2dof 13t021d - DCW(g) DCWP (%) VC (%)
reat . . . . of Pipping
incubation incubation . .
incubation
Go  74.07°£0.96 0.79"+0.10  2.38%+0.46 16.67%£0.46 6.09+0.53 27.68°+0.20  57.70 °+0.53  98.89" +0.64
Gl 71.88+0.90 0.78"+0.10 2.34%+045 17.97%+0.47  7.03+0.90 27.11° £0.19  57.77°:0.54  98.68" +0.76
G2 7147°40.71 32024046  1.60°+0.42  18.67°+0.27  4.80°+0.46 27.11° £0.25 57.93°£0.65 98.68" +0.76
G3  66.41°£0.12 3.918+045  3.91™+0.41 17.97%+£0.44  7.81%+0.90 27.28° £0.23  58.10°:0.71 98.31*%0.98
G4  62.30%40.17 5.74"+0.47  4.10™+0.40 19.127+0.47 8.75%%+£0.27 27.29%+0.28  58.29*+0.70  97.30°+0.80
G5  59.84°t0.45 6.307+0.45  3.94™+044 22.83°+0.43  7.09+0.45  27.29+023  58.31°+0.63  96.55"°+1.00
G6  59.68°£0.93 9.68°+0.46  4.03"+0.45 17.74%+£0.42 8.87°9+0.47 27.34™+0.25 58.54™+0.67 94.60" +0.78
G7 58.79°+0.52  10.24°+0.45 3.94™+0.41 16.80°+0.40 10.24°+0.44 27.38"+0.28  58.60°+0.63  94.32%%+0.66
G8  57.97%1.41 1032°+£0.42 3.97%+041 17.72%+026 10.05°+027 27.45%+029  58.62°+0.73  93.41°* £0.64
G9  52.85+t1.41  10.57%+0.47 4.07"+£0.47 22.76°£0.47  9.76™+0.47  27.51™+0.35  58.64™+0.90 93.55°E+] 86
G10 477284020 10.48%+0.45 5.11° £0.27 29.30°+0.27  8.06°°+0.46  27.71°+0.27  59.49°+0.74  92.55%%"+0.62
G11 467284026 11.02%*+0.46 4.98* +0.46 27.56°+0.26 9.97°+0.52 27.72%40.33  59.56™+0.97  90.74°%" +1.07
G12  42.52"+0.46 11.81°+0.47 4.72°+0.41 32.28°+0.46 8.66™*+0.46 27.96™+0.34 59.82"°+0.86 90.00™" £1.92
G13 3937046  15.72°0.41 4.72°+0.40 31.50°+0.47 8.66™*+0.45 28.13+0.48  60.04™+1.28 89.86*" +£0.83
G14 21.55£0.50 18.97°+£0.50  3.45°+0.50 43.97°+0.50  12.07°+0.51  28.18®+0.35  60.09 *+0.87  89.29" +2.0
G15  15.69°40.74 2437°+0.49 3.08°+0.28 42.86°+0.49 13.45°+048 28.74°+047  61.27°+1.18 80.39' +1.13

*~% Means + SE within each column with different superscripts are significantly different (P<0.05).

Go to G15 = the eggs were stored from d 0 to 15, respectively.
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