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ABSTRACT

This study was conducted to evaluate the effect of eggs 
stored with and without pre-incubation on chick embry-
os with emphasis on: embryo body, heart weight, mal-
formations, and mortality. For this study, a total of 120 
chick embryos were divided into three groups, based on 
the length of storage before hatching (3, 7 and 10 days). 
Observations of the weight of chick embryo bodies, 
chick embryo hearts, and the level of mortality and ap-
pearance of malformations were noted. With an increase 
in days stored, the chick embryo’s weight decreased. The 
pre-incubation period had a positive effect on the weight 
of chick embryo, and chick hearts. Malformations, in-
cluding: hydrocephalus, open body cavity and under-
developed wings, were observed in all three groups, with 
the highest proportion seen in the pre-incubated hatch-
ing eggs stored for 10 days; this group also displayed 
the highest level of mortality. Non-pre-incubated eggs 
showed the most promise with better results in all ex-
perimental groups. In conclusion, the research suggests 
the optimal storage for chick embryos to be 3 days, with 
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lowest levels of mortality, malformations and limited ef-
fects on the body and heart weight. 
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INTRODUCTION 

Recent preventative medicine research has focused at-
tention on studying the impact of external environmental 
factors on the growth of the individual, with potential te-
ratogens and their effects on organism growth being largely 
unstudied. 

Research into understanding their influence on physi-
ological function and abnormal growth of an organism can 
lead to the identification and clarification of certain patho-
logical conditions.

The animal model plays an important role in basic 
medical research with animal testing done in combination 
with in vitro methods in accordance with ethical, economic 
and scientific parameters. Alternative methods in animal 
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testing include: mathematical models, lower organism use 
and mammals in early stages of development; these reduce 
unnecessary stress and suffering to the model [13]. Chick 
embryos have been used as an alternative animal model 
for many types of experiments. It is also thanks to the fact 
that with chicken embryos the maternal metabolism does 
not have any impact. Therefore, we can better understand 
some of the processes underlying the chick embryo [12]. 
Chick embryos have also been used for the interpretation 
of morphogenesis in higher vertebrates as they require less 
space and storage requirements [4]. Hatching is a biologi-
cal process of a fertilised egg, where the embryo develops 
into an individual. To ensure this process, the correct cli-
mate conditions including temperature, humidity and egg 
rotation are paramount. The success of this process is also 
impacted by: the biological value of the egg (correlated to 
storage time), the hatching technique used along with age 
of hen, egg weight and environmental conditions during 
the incubation. The time of the storage is mainly important 
for the biological value of the eggs. The highest hatching 
rate is observed in eggs stored within a  7 day period; as 
storage periods longer than 14 days there is a  significant 
decrease in hatchability. Pre-incubating (preheating) the 
eggs can minimalize the negative effect of long storage, by 
providing uniform development for the eggs in storage. 
Preheating is helpful for a better uniformity of the devel-
opment of the chicken embryo in the storage eggs, which 
will be incubated later together [9, 18]. Other factors that 
affect increased hatchability and chick quality are: genet-
ic, and the environment through the storage and incuba-
tion (volume and gas exchange) [11]. Post-hatching, chick 
quality can be influenced by transportation induced stress 
[1]. With correct storage and pre-incubation, the impact 
of external factors on chick embryo development can be 
decreased. Therefore, we decided to evaluate the effect of 
the eggs storage with and without pre-incubation on chick 
embryos with emphasise on the embryo body, heart weight, 
malformations, and mortality.

MATERIALS AND METHODS

For this study, 120 eggs of Lohmann Brown chicken 
breed were obtained from the farm Parovske Haje (Nitra, 
Slovakia). These eggs were divided into groups according 
to their storage duration (3, 7 and 10 days at 15 °C and 

75 % relative humidity). Approval was not needed to use 
9-day-old chick embryos, as they are not included in the 
legislation on the protection of animals used for scientific 
purposes (2010/63/EU). 

Each group contained 20 hatching eggs; half pre-incu-
bated for 12 hours at room temperature (22—23 °C). All 
eggs were stored in the incubator under standard condi-
tions for 9 days (37.5 ± 0.5 °C, 60 % humidity). On the 9th 
day, a hole was cut from the broad end of the egg and the 
embryo removed using a retractor. Foetal membranes were 
removed from the chick embryo using tweezers. The treat-
ment was repeated twice.

Macroscopic changes were focused upon: malforma-
tions (open body cavity, beak deformations, upstretched 
wing/limb, two-headed embryos etc.) and haemorrhages. 
Subsequently, the bodies of embryos were weighted as well 
as the hearts of embryos were removed and weighted. Dead 
embryos were discarded without their use. 

Statistical analysis of the data was performed using the 
programme GraphPad Prism 6.0. A two-pass ANOVA test 
and multiple comparison tests (Sidak test) were used for 
analysis. Values of P < 0.05 were deemed statistically sig-
nificant.

RESULTS

This study concentrated on the effects of pre-incubation 
in relation to the incidence of embryonic mortality and 
malformations as well as its effect on embryonic weight. 
The results showed that storing hatching eggs although 
beneficial, repeatedly resulted in problems associated with 
premature embryonic mortality and variations in morphol-
ogy and weight. 

Embryonic mortality
Embryonic mortality was observed in all storage groups 

on days 3, 7 and 10. In the group stored for 3 days without 
pre-incubation, 10 % embryonic mortality was observed. 
However, in the case of pre-incubation of hatching eggs, 
mortality was not observed. In the group stored for 7 days 
without pre-incubation, 0 % embryonic mortality was ob-
served; with pre-incubation, 10 % mortality was seen. The 
highest mortality occurred in eggs with 10 days of storage. 
In the group stored for 10 days without pre-incubation al-
most 32 % mortality was seen; with pre-incubation, 35 % 
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mortality was recorded. Total embryonic mortality after 3 
and 7  days of storage was 5 % and after 10 days of stor-
age, the embryonic mortality was 33 %. For pre-incubation, 
total embryonic mortality in eggs without pre-incubation 
was 14 % and 15 % with pre-incubation. These results show 
embryonic mortality was not significantly influenced by 
pre-incubation. Embryonic mortality on the total number 

of hatching eggs represented about 14 % on average (Fig. 1, 
Tables 1 and 2).

Spectrum of malformations
Malformations were observed in all groups. Three-day 

storage without pre-incubation had no malformations 
present; however, with pre-incubation one case of single-

Table 1. Storage of fertilized eggs and effect of pre-incubation

Storage No2 Live Dead Mortality 
[%] Malformations Weight

[g] SD3

3-day eggs 20 18 2 10.00 0 1.710 0.259

3-day eggs P1 20 20 0 0.00 1 1.835 0.298

7-day eggs 20 20 0 0.00 2 1.620 0.227

7-day egg P 20 18 2 10.00 1 1.731 0.235

10- day egg 19 13 6 31.00 3 1.534 0.226

10-day egg P 20 13 7 35.00 4 1.539 0.195

Total 119 102 17 11

1 — pre-incubation; 2 — number of chicken embryos; 3 — standard deviation

Table 2. Effect of pre-incubation on the development of the chick embryo

Mortality
[%]

Number of 
malformations

Body Weight 
[g]

Heart weight 
[g]

Eggs 13.00 3 1.632 18.770

Eggs with pre-incubation 14.00 2 1.744 18.890

Table 3. Effect of pre-incubation on heart weight of the chick embryo

Storage Weight of heart 
[mg]

SD2 
[mg]

3-day eggs 18.0 3.9

3-day eggs pre-incubation 21.0 6.4

7- day eggs 18.6 5.2

7-day eggs pre-incubation 18.9 4.9

10-day eggs 18.1 3.9

10-day eggs pre-incubation  15.01  3.51

1 — significant difference *P ≤ 0.05; 2 — standard deviation
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Fig. 2. Malformations observed on the embryonic day 9 in relation to the storage day of fertilized eggs 
A) Haemorrhage (arrows) are present on the body after 3 days of storage; B) Double body of embryo after 3 days 
of storage and using pre-incubation; C) Double-headed embryo after 7 days of storage and using pre-incubation

Fig. 1. Storage of fertilized eggs and its effect on the mortality

Fig. 3. Storage of fertilized eggs and its effect on the occurrence of malformations
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headed twins sharing organs and cardiomegaly was dis-
covered. Twins weight reached up to 2.58 g and the heart 
weighed 0.037 g (Table 1). 

Seven-day storage without pre-incubation had 2 mal-
formed embryos, one with an open body cavity the other 
with an undeveloped wing; with pre-incubation one under-
developed malformed embryo with two heads was found 
(Table 2).

The highest numbers of malformations were observed 
in the group of hatching eggs with a 10-day storage. With-
out pre-incubation, three embryos with malformations in-

cluding cyanosis, open body cavity, deviations of limb and 
head were revealed. Hatching eggs with pre-incubation 
before the incubation contain 4 malformed embryos with 
malformations (lacked the wings and tail, open body cavity, 
double-headed embryo, haemorrhagically coloured body, 
undeveloped beak, and curled limbs (Figs. 2 and 3).

In all experimental groups of hatching eggs, various 
amounts of haemorrhaging was observed—mainly in the 
head and pelvic region. It cannot be ruled out that these 
haemorrhages were a result of removing the embryo from 
the egg.

Fig. 5. Storage and pre-incubation of fertilized eggs affect the heart weight of the chick embryo

Fig. 4. Storage and pre-incubation of fertilized eggs and the body weight of the chick embryo
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Monitoring the difference in body weight 
of chick embryos

The average weight of all embryos without pre-incu-
bation reached 1.62 g; with pre-incubation it was 1.70 g. 
Within the groups divided by days of storage, the weight 
average decreased with an increase in storage time. The 
greatest weight was reached by the eggs stored for 3 days, 
1.835 ± 0.298 g with pre-incubation; 1.710 ± 0.259 g with-
out. The mean average weight of hatching eggs was achieved 
by embryos with 7 days of storage (1.620 ± 0.227 g, with 
pre-incubation 1.731 ± 0.235 g). The lowest average weight 
was seen by the embryos of 10 days of storage, weighing 
only 1.534 ± 0.226 g without pre-incubation and 1.539 ± 
0.195 g with pre-incubation (Table 1, Fig. 4).

Monitoring the difference in heart weight 
of chick embryos

Similarly, to the body weight correlation, the average 
weight of the chick hearts decreased in direct correla-
tion with the increase in storage time. The lowest weights 
were observed in the chick embryos stored for 10 days. 
The average heart weight from the 3 day stored eggs were 
18 ± 3.9 mg; with pre-incubation 21 ± 6.4 mg. The average 
weight from the 7 day stored eggs were 18.6 ± 5.2 mg; with 
pre-incubation 18.9 ± 4.9 mg. The 10 day stored eggs had 
the lowest average weight of 18.1 ± 3.9 mg, with pre-incu-
bation of only 15 ± 3.5 mg (Table 3, Fig. 5).

In all examined hearts, those pre-incubated reached 
a  higher weight than those that were not pre-incubated. 
The exceptions to this were those embryos retrieved from 
eggs stored for 10 days. Overall, we achieved the higher 
weight of all pre-incubated embryos in comparison to the 
weight of hatching eggs without pre-incubation.

DISCUSSION

Our results showed that eggs stored 7 days and lon-
ger had a decrease in hatching quality; the reason for this 
negative effect has not been resolved. Suggestion for this 
reduced hatchability could be due to the decreased viabil-
ity of the embryo caused by the higher grade of cell death; 
another could be optimal time of pre-incubation could dif-
fer according to a  length of storage (as the storage length 
correlates to embryo viability) [14]. The reduced heart and 
embryo weights could be the result of delayed re-initia-

tion of development following longer storage. The storage 
of hatching eggs seven days or longer often induced cell 
death, which in turn led to: increased embryo mortality, 
decreased hatchability and decreased the development of 
the embryo metabolism. Embryo mortality of eggs stored 
at 4 days averaged reached 10.7 % increasing to 27.7 % for 
eggs stored at 14 days [6].

Chicken embryos from the broilers were examined to 
prove whether storage had any impact on the development 
of the chick embryo before incubation; results showed 
that the longer the egg was stored, the lower the embryo 
weight, which in turn lead to an increased embryonic 
mortality [5]. 

Hatching eggs from the broiler Ross 308 were divided 
into two groups and stored for 4 and 14 days at the same 
temperature and the humidity. The conclusion of this test-
ing was that with the increased time of the storage the 
mechanisms of the apoptosis in the level of the blastoderm 
were activated. This may be an attributing factor to the re-
duced weight gain observed during incubation [3, 8]. 

Eggs stored for 14 days saw an increase in apoptosis, re-
sulting in a growing number of abnormal embryos or dead 
embryos. These results clarified the importance of optimal 
conditions for normal growth and development [2]. 

Embryos retrieved from eggs stored for 7 and 14 days 
saw retarded growth after 42 hours, compared to the eggs 
that were not stored. It is likely not caused by late embryon-
ic development but the reduced rate of embryonic growth, 
which was significantly lower in the first two days of incu-
bation of the eggs stored for 14 days (compared to those 
not stored). No evidence of a relationship between the de-
velopmental stages of the embryo and time of incubation 
was apparent. A positive correlation was seen between the 
number of dead and malformed embryos and the storage 
length [10].

This study suggests eggs (from Cobb 500 broilers) pre-
incubated 6 hours before storage provides better quality as 
it reduces the incubation period and level of embryonic 
mortality. The worst results were seen in eggs preheated for 
12 hours then stored for 14 days; these results recommend 
that this method not to be used in commercial manage-
ment [17]. 

The influence of pre-incubation, broiler breeder age 
and the impact of storage period on hatching efficiency 
were all evaluated. Eggs from the broilers Ross 344 x broiler 
Ross 308 (age of 28, 38 and 53 weeks) were stored follow-
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ing 10 days in the storage room, others were removed on 
the fifth day of storage. They were pre-incubated firstly at 
26 °C for 2 hours, 37.8 °C for 3 hours and finally at 26 °C 
for 2 hours. Eggs that were pre-incubated on the 5th day af-
ter 11 day storage had increased hatchability; research sug-
gests this was due to the eggs coming from young broilers 
and being in the hypoblast stage at the start of the study [7].

Eggs stored longer than 7 days saw changes to: albu-
men characteristics, decreased the quality of incubation, 
increased the duration of the incubation period and halted 
embryo development. This study suggests longer storage 
times, conditions should be modified with the eggs thin 
pole ventral and the eggs rotated. In addition to these re-
quirements, pre-incubation can be used which together 
should reduce the negative impacts seen in long storage 
[16].

When the hypoblast is completely formed (during 
the silent developmental state of an embryo), the embryo 
seems to be more resistant to the larger storage periods. 
Within the storage the differences in the albumen viscos-
ity, pH of the yolk and albumen are visible. Optimal pH 
of albumen for the right development is 8.2. It is assumed 
that the embryo with completely developed hypoblast is 
able to make a stronger barrier between the embryo and its 
external environment, and/or it is more capable of produc-
ing enough amounts of CO2, which reduce the pH in the 
microenvironment of the embryo for the optimal 8.2 [15].

Based on our results it can be concluded that the in-
creased mortality is linked to increased storage periods of 
hatching eggs. Each studied group displayed malforma-
tions regardless of pre-incubation. Results also showed that 
pre-incubation increased overall bodyweight along with 
heart weight. The exceptions to this were the eggs stored 
for 10 days; to which pre-incubation did not play a  sig-
nificant role in the embryonic development. This research 
suggests ensuring good hatchability and chick quality af-
ter long periods of storage; the embryo should be in the 
stage of a completely formed hypoblast. This material may 
provide insight into enhancing the storage of experimental 
hatching eggs. It will allow avoiding false-induced malfor-
mations or mortality resulting from incorrect storage or 
pre-incubation of hatching eggs.
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