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Abstract

Storage of eggs causes the death of the blastoderm cells, including necrosis and apoptosis
(S. Bloom et al., 1998). Depending on the storage conditions (duration, temperature, and air humid-
ity), the physicochemical parameters of egg ingredients vary. Water and CO;, move through the shell,
leading to an increase in pH of the albumen and yolk, which changes the activity of enzymes, reduc-
es bactericidal properties of albumen and yolk. Violation of amino acid composition and ratio is
characteristic of the yolk, and lipid peroxidation is developing (M.N. Argunov et al., 2015). Destruc-
tion and increased permeability of the vitelline membrane and the internal eggshell membranes oc-
cur. The secondary sexual ratio shifts (M. McDonald, 1960; M. Tagirov, 2010; M. Boerjan, 2016). The
efficiency of egg incubation decreases as well as chick yield (G. Fasenko, 1992; V. Christensen et al.,
2001; K. Tona et al., 2003; P. Hristakieva, 2011; D. Terci¢ et al., 2016). Immunocompetence of
chickens hatched from stored eggs lowers (M. Goliomytis et al., 2015). These hatchlings need elevat-
ed temperature of environment during the first weeks of life (S. Yalcin et al., 2014). Haugh units,
albumen and yolk indexes, alboumen pH, etc., being indicators of the stored egg quality (P. Tsarenko,
2015), vary depending on genotype, age and feeding, the stress of the parents, and the season. Each
next day of storage following 2 days post egg laying needs an additional one-hour incubation period
for compensation. The degree of embryo development in the freshly laid eggs is not the same in differ-
ent bird species. The stage of embryogenesis depends on age, mother’s type of use (for eggs, for meat,
or for dual use), and the order of the egg in the cycle of egg laying. Eggs with embryos which reach the
gastrula stage are less sensitive to storage (I. Reijrink et al., 2008). Reduced hatching can be partially
leveled by different methods, including heating during storage which provides development to the speci-
fied stage of embryogenesis (I. Kosin, 1956; M. Petek et al, 2004; Y. Piestun et al, 2013; D. Nicholson
et al., 2013; L. Dyadichkina et al., 2016). Their positive effect is limited by the egg quality, modes of
storage and heating (temperature, frequency and duration of exposure), as well as incubation.
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tive methods

The pre-incubation storage of eggs, which worsens not only the efficien-
cy of their incubation, but also the quality of young stock [1-3], is one of the
most significant factors limiting the efficiency of poultry reproduction. However,
this technology is widely used at poultry enterprises providing the opportunity to
limit the number of parental stock and thereby increase the profitability of pro-
duction. In addition, it allows incubating large batches of eggs and, accordingly,
obtaining chickens of the same age in quantities sufficient to implement the
basic principle of commercial livestock: “All in —all out”.

This paper describes the characteristics of the ontogeny of young stock of
the main poultry species caused by pre-incubation storage during pre- and postna-
tal periods, as well as the prevention of negative consequences caused by pre-
incubation storage.

The state of embryos in eggs laid by the hens. For ducks, tur-



keys and guinea fowls, embryos in laid eggs are mainly at development stages
(DSs) 7-8 according to the classification of Eyal-Giladi et al. [4], for hens at the
stage 10, for quails and geese at the stage 11 [5, 6]. The selection of poultry
based on productivity characteristics caused the heterogeneity of ontogeny in
genotypes, and in particular, early embryogenesis. In turkey eggs, which were
selected to increase live weight gain, embryos are more likely to be at the early
gastrula stage than their brothers from the divergent line [7]. In 3-4 days after
egg laying by broiler hens of lines A and B, which differ in fertility and hatcha-
bility, the DS of the embryos was 10.3 and 10.7 [8], respectively, and after 7
days of incubation, it was 28.7 and 29.5 according to the classification of Ham-
burger et al. [9]. The area pellucida and area opaca have already formed in
chicken embryos at the 10th DS, only the first signs of a hypoblast were distin-
guishable [5].

The condition of the embryos is also determined by the age of the moth-
ers and the order of the egg in the oviposition cycle. The area of the blastoderm
in fresh unincubated eggs expands in proportion to the aging of hens [10]. In the
majority of eggs of 32- and 63-week-old broiler hens, DSs 11 and 12 are ob-
served in embryos, respectively [11]. In the eggs laid in the first days of the cy-
cle, the embryos are at the 10.36 DS, while in the eggs laid in the next days — at
the 10.05 DS, respectively [12].

The conditions of hatching eggs with embryos at different stages of devel-
opment are not the same. The hatchability of hen eggs with embryos that have not
reached gastrula (<10 DS) at the time of laying is less than 55%, but if this stage
has already formed (DS 12-13), then the number of chickens obtained is signifi-
cantly increased [13, 14]. Based on this pattern, Fasenko et al. [15] formulated the
hypothesis that eggs with embryos at the DS 12-13 have better keeping capacity in
comparison with eggs with less developed embryos. Based on this hypothesis, a
method has been developed to prevent the decrease in the value of stored eggs by
heating them in an incubator (egg heating, EH), which will be considered below.

The laid eggs tend to be in an environment with a temperature lower
than in the female body. Under the influence of hypothermia, embryogenesis
ceases and the facultative diapause begins [16]. In hen eggs stored for 0, 4, and
21 days, such diapause was recorded at 14 °C, and embryos were assigned to the
DSs 9.9, 10.0, and 9.9, respectively [17]. However, at ambient temperatures
above the diapause threshold, genesis continues. The embryos in the hen eggs
that were present in the nests for 1.5 hours (28.1 °C) were at the 10.4 DS, and
within 6.5 hours (30.4 °C) they reached the 11.7 DS [18]. The presence of eggs
from 59-week-old hens in the nest at 30 °C or 20 °C caused a 2.4% decrease in
hatchability in the first compared to the second. The same patterns for eggs from
37-week-old hens were not found.

The blastoderm in laid hen eggs consists of 40-60 thousand cells, some
of which die over time [4]. For example, in turkey eggs stored for 0 and 14 days
(18 °C), the number of such cells decreased due to necrosis and apoptosis from
32 to 21 thousand, or by 34.4% [19]. The latter was found in 3.1% of blastoderm
cells of eggs in newly laid hen eggs, and after 14 days of storage (12 °C) their
share was already 13.9% [20]. In eggs stored for 14 days, the expression of a
number of proapoptotic genes is enhanced compared with that in eggs stored for
4 days [21].

Thus, it can be stated that in the main species of poultry, the stage of
embryogenesis at the time of egg-laying is different. The incubation properties of
eggs with embryos at different stages of development are not the same. It is ad-
visable to cool the laid eggs to ensure the stop of embryogenesis.

The effect of storage on the properties of hatching eggs. The



eggs are compressed during cooling, and water, carbon dioxide and air are trans-
ported through the shell to the outside. As a result, duck eggs stored for 8 and 15
days lose 0.53% and 0.78% of the weight, respectively [22], turkey eggs stored
for 10 and 14 days lose 1.0% and 1.5% [23], hen and quail eggs stored for 10
and 20 days lose 1.8% and 3.5%; 1.9% and 4.7%, respectively [24, 25], while the
size of the air chamber increases.

A decrease in the CO, content causes a rise in the protein pH from 7.6
in freshly laid eggs to 9.0 in eggs stored for 4 days, but afterward this indicator
remains practically unchanged [14]. Along with alkalization, the viscosity of a
dense protein decreases, which is due to the state of the ovomucin-lysozyme
system formed by electrostatic bonds between its constituent molecules. The sys-
tem has maximum stability at pH 7.0, and its disintegration occurs in the range
of 9.0-9.5, probably due to alkaline hydrolysis [26]. The bactericidal activity of
lysozyme in the protein of stored eggs decreases [27], the activity of other en-
zymes also changes. Due to the difference in osmotic pressure, protein water
diffuses into the yolk, shifting the active reaction from pH 6.0-6.3 to pH 6.5-6.8
[14]. In proportion to the eggs aging, the protein content in the vitellin mem-
brane changes [28], and its strength weakens [29]. Lower temperature slows
down these processes, restricting the penetration of Salmonella enteritidis into
the yolk [30].

The numerical values of a number of quality markers of stored eggs, in-
cluding protein and yolk indices, as well as the number of Haugh Units (HU), are
decreasing. So, in hen eggs that were stored for 14 days, a decrease was observed
from 8.2% to 5.3%, from 45.5% to 42.8%, and from 79.7% to 62.2%, respectively
[3]. The same occurs in pheasant eggs (a decrease from 2.4% to 1.8%; from 43.9%
to 40.1%; from 83.0% to 76.5%), which correlates with a deviation in the young
stock hatching (decrease from 66.7% to 41.6%) [31].

The higher the ambient temperature, the greater are abnormalities. In
fresh hen eggs, HU reached 91.4, and in eggs stored for 10 days (5, 21 or
29 °C), this value decreased to 76.3, 53.7 or 40.6, respectively [32]. To a lesser
extent, the egg condition is reduced due to storage at a 75-90% humidity [33].

During long-term storage in the deutoplasm, lipid peroxidation is rec-
orded. In hens, after 21 days after laying the eggs, the amount of malondialde-
hyde in the yolk rises from 0.13 to 0.17 umol/l [34]. At the same time, the anti-
oxidant system is activated, which is expressed by an increase in the activity of
catalase and glutathione peroxidase.

Thus, in the deutoplasm of stored eggs, the content of water and carbon
dioxide decreases, protein and yolk are alkalized. The disintegration of the ovo-
mucin-lysozyme system leads to the liquefaction of the dense protein. The ability
of lysozyme to dissolve the wall of bacterial cells decreases, the activity of other
enzymes changes. The lipid peroxidation is developing, the antioxidant defense
system is activated. The properties of the vitellin membrane change. A change in
the values of such quality markers of hatching eggs as the height of the air
chamber, protein and yolk indices, HU and, ultimately, hatchability indicates a
decrease in the value of eggs due to storage.

Embryogenesis in eggs incubated after storage. Embryo-
genesis after storage is slower than in freshly laid eggs. After the 42-hour incuba-
tion of eggs stored for 7 and 14 days, the lag was 5 and 12 hours, respectively,
compared to freshly laid eggs [35]. Incubation until hatching 50% of the chick-
ens was 16 hours longer in eggs stored for 18 days than in eggs stored for 3 days
(502 and 486 hours, respectively) [2]. The prolongation was due to a delay in the
beginning of stage I of the perinatal period and its lengthening, but not of stage
II. Apparently, this is due to a delay in the increase in the blood concentration



of corticosterone which is necessary to increase the ratio of triiodothyronine and
thyroxine involved in the regulation of hatching.

In general, the result of egg aging is retardation of the development of
not only embryos, but also of hatched young stock. In chickens from eggs that
were stored for 14 days, compared to those hatched from eggs that were stored
for 3 days, the length of the jejunum, as well as the width and area of the villi in
it, reduced [36]. During the first 7 days of growth, the bodyweight of chickens
increased by 76% in case of 3-day pre-incubation storage of the eggs and by
64% in the case of 18-day storage [37].

The dynamics of the performance of eggs incubation varies depending on
the duration of their storage. Thus, the young quail hatching averaged 86%,
88%, 84% and 82%, respectively, for the eggs after 1-, 3-, 5- and 7-day storage
[38], and chicken hatching averaged 88%, 89%, 92% and 82% after 1-, 3-, 6-
and 15-day storage [39]. The data presented indicate that as a result of short-
term storage of eggs of both species (3 days for quails and 6 days for hens), the
desired indicator increases. With an increase in the storage periods of eggs from
5 to 30 days, embryonic mortality during incubation increases in hens and ducks
from 2.0% and 14.3% to 100%, respectively [16]. The presented data confirm
the objectivity of the conclusion of a number of researchers [33] that the place-
ment of eggs for incubation a few days after laying has a beneficial effect on em-
bryogenesis and incubation performance.

The phenomenon of a shift in the secondary sexual ratio due to egg stor-
age has been established, the manifestation of which is determined by a number
of conditions. McDonald [41] found the predominance of females (54.6%) in
the White Leghorn hens obtained from the eggs that were stored for 7 days at
4.4 °C, whereas 15.5 °C or 26.6 °C did not cause such an effect. In Rhode Is-
land Red chickens hatched from eggs that were stored for 15 and 21 days at
11.5 °C, the sex ratio was 1.853:19, while in eggs hatched after storage for 3
days — 138:19 [42]. Among the chickens of the Lohmann cross (Lohmann Tier-
zucht, Germany) hatched from eggs that were stored for 11 days and to which
EH was applied, females dominated [43]. At the same time, in the chickens of
the Slobozhansky cross (National Academy of Agricultural Sciences, Ukraine)
[42], as well as in the chickens of the Prelux-G cross (University of Ljubljana,
Department of Animal Science, Slovenia), hatched from eggs laid by 24- and
65-week-old hens, stored from 3 to 15 days at 15 °C and then heated (EH), a
similar pattern was not observed.

Consequently, the storage of hatching eggs provokes changes in the pat-
tern of ontogenesis in both embryonic and postembryonic periods.

The influence of the genotype, age and physiological state
of parents on the resistance of embryos developing after pre-incu-
bation storage of eggs. Published data indicate a variation in the resistance
of hatching eggs of modern highly productive poultry genotypes to storage. In
ISA-White cross (Institut de Sélection Animale, France) eggs stored for 10 days,
the protein level decreased from 9.7 to 4.7 mm, in ISA-Brown cross eggs from
8.3 to 4.1 mm, while the egg protein pH values in these genotypes did not differ
(7.4-9.3) [44]. The duration of incubation of Peking duck eggs after storage for 3
and 14 days was 27.9 and 28.2 days, respectively, of Muscovy duck eggs — 33.7
and 34.6 days [45], that is, this period increased by 1.07% and 2.67%, respec-
tively. In meat and egg quails, the hatchability of eggs stored for 10 days reached
83% and 85%, respectively, whereas after 14-day storage this indicator reached
78% and 83% [46]. It is conspicuous that in the egg laying genotype, hatchabil-
ity decreases less significantly with an increase in the storage period.

In the poultry genotypes with different egg resistance to storage, the me-



tabolism of the embryos and chickens varies. So, the glycogen concentration in the
liver of 17-day-old embryos from the eggs pre-stored for 14 days and 1 day were
19.7 and 30.0 mg/g in the broiler hen line Lt with higher egg resistance to storage
vs. 23.5 and 24.8 mg/g in the line L~ [47]. The hatchability of eggs after 14-day
storage compared to 1-day storage decreased by 8% in L* and by 15% in L.

Poultry breeding has been proven to improve the resistance of stored
eggs to bacterial contamination. Jones et al. [48] used eggs from hens of freely
mating lines 5, 7, and 10 the selection of which was stopped in 1950, 1959, and
1970, respectively, as well as from hens of a commercial herd genetically associ-
ated with these lines. The authors found that the surface shell contamination in
fresh eggs from hens of all genotypes was the same, but, for example, eggs from
the herd stock after inoculation with Salmonella enteritidis (SE) and Pseudomonas
Sfluorescens (PF) were more contaminated on day 7 of storage, while the eggs
from line 10 were less contaminated. In this case, salmonella prevailed on the
shell (the SE and PF average counts were 2.7 and 0.8 log CFU/ml, respective-
ly). Egg components, on the other hand, were more infected with pseudomonas.
The SE and PF concentrations in the air chamber, shell, and deutoplasm of eggs
from laying hens of older age groups exceeded this indicator in eggs from young
hens. In general, eggs from line 10 were less contaminated.

Egg quality parameters change and storage resistance is getting worse in
proportion to the age of the laying hens. In eggs laid by 32- and 59-week-old
hens, the pH of the protein increased (8.1 and 8.3, respectively), and its height,
on the contrary, decreased (7.7 and 6.3 mm) [49]. After 7 days of storage of eggs
laid by 35- and 45-week-old hens, the HU decreased from 77% to 69%, hatcha-
bility from 88% to 85%, and the quality of chickens from 97% to 79% [50]. The
physiological state of chickens hatched from eggs which were pre-stored for 10
days differed between 27- and 61-week-old laying hens fed a phosphorus-
deficient diet [51]. In the experiment, young stock obtained from an older age
group had lower ash content in bones, and rickets were more often recorded
than in herd mates hatched from young laying hens.

Chickens from eggs incubated after 3 and 14 days of storage were raised
under brooders at the optimum temperature (OT, 32-28 °C), at elevated temper-
ature (ET, 34-30 °C) or low temperature (LT, 30-27 °C) [52]. On day 2 in the
chickens hatched from eggs pre-stored for 3 days, the body temperature did not
depend on the ambient temperature, but it turned out to be the lowest in those
chickens that were obtained from eggs pre-stored for 14 days and kept at LT.
For the first 7 days of growing, a greater increase in bodyweight was recorded at
OT for young stock from the eggs after 3-day pre-storage and at ET after 14-day
pre-storage.

Artificial molting of hens did not adversely affect eggs [53]. The hatcha-
bility and bodyweight of 7-day-old chickens from eggs that were stored for 8-18
days before incubation and were obtained from molted hens were higher than
those for a batch of eggs from non-molting hens. However, it should be noted
that the effect of storage on the quality of hatching eggs from hens subjected to
artificial molting has not been studied enough.

Prevention of a decrease in incubation parameters of eggs
during storage. There are several methods to prevent the effects of egg aging,
which differ in the mechanism, for example, by the use of a controlled gas envi-
ronment [54, 55] or by placing eggs with the sharp end up [56, 57] and applying
a layer of propolis to the shell [58], etc. One of these methods, the EH, is con-
sidered the most effective. The experiments carried out on the main species of
poultry prove its effectiveness (Table).



Hatchability at single heating of eggs (EH) before storage

Poultry |Age of laying Conditions Refer-
. Result
species | hens, weeks storage | EH ences
Broiler 32 11.5°C; 60 % 37.50 °C; 6, At St4, there is no effect; at St14 (for 6 h EH), [15]
hens 12 or 18 h  hatchability is 79.0% (control — 70.5%)
44 12.06 °C; 76 % 36.92°C; 6 At St4 and St9 (for 6 h EH), hatchability is higher;  [66]
orl2h at St14 (for 6 or 12 h), hatchability is lower
Turkeys 39-40 17.4°C; 66 % 37.50°C; 6 At St4, there is no effect; at St14 (for 12 h EH), [61]
or 12 h hatchability is 75.3% (control — 70.6%)
Quail 20, 37 15°C; 65 % 37.50 °C; 8 h Hatchability in the experiment 82.6%, in the con-  [62]

trol — 70.6%; from 20-week-old laying hens —

84.7%, from 37-week-old laying hens — 77.6%.

The differences between the variants St5 and St15

are minor
Guinea - 18 °C 37.50 °C; At St14 (for 6 h EH), hatchability is higher com-  [67]
fowl 3,60r9h pared to the control
N ote. For storage conditions, temperature and humidity are shown. St stands for pre-incubation storage of eggs
(the number indicates the duration in days). Dash means that the age is not indicated [67].

The heating of freshly hatched eggs at 37.5-37.8 °C minimizes their
quality deviation [59, 60]. It was established that the incubation indices correlate
with storage and heating parameters. In particular, in chickens and turkeys, when
the eggs were stored for 14 days before incubation, EH increased hatchability,
which was not observed under 4-day storage [61]. A 6-hour heating was more fa-
vorable for the first group of eggs, while 12-hour heating for the second group.

The effectiveness of the EH depends on the age of the laying hens. In
fresh quail eggs, which were processed once (8 h, 37.5 °C) and turned twice dai-
ly during storage [62], after 5 and 15 days of storage the hatchability due to EH
improved by 4.4% for a batch of 20-week-old laying hens and only by 1.4% for
37-week-old laying hens, while the storage period did not affect the results of
incubation. According to Gucbilmez et al. [63], the best result in batches of eggs
from younger laying hens (27 and 29 weeks of age) is due to the fact that most
embryos have not yet developed a hypoblast, and the EH ensures its formation,
causing development to a stage more resistant to long-term aging [15].

EH effectiveness has a seasonality. Piestun et al. [64] in both the winter
and summer periods used EH (at 30.2 °C for 12 hours) before 4- and 9-day
storage of eggs. The hatchability of eggs in the control and experimental batches
differed by 10% (84% and 94%, respectively) in the first case and only by 2%
(85% and 87%) in the second one. In all cases, the bodyweight of 35-day-old
young stock of both sexes increased, including due to the pectoral muscles.

In other experiment [65], eggs from 61- and 28-week-old hens were
stored at 28 °C (mode 1) or 18 °C (mode 2). On the day of collection, EH was
performed (37.8 °C for 6.0 and 4.5 hours for mode 1 and mode 2, respectively).
As a result, variations were noted between the modes from 11.7 DS to 13.3 DS
and from 9.0 DS to 12.6 DS, respectively. The hatching of chickens from eggs
stored for 12 days for the mode 1 decreased compared to the control (74% and
80%, respectively), while in batches of eggs stored for 3, 5, and 8 days, the
negative effect of EH on the analyzed parameter was not found. For eggs that
were stored for 11 days, a positive result was observed for mode 2: hatchability
in the experiment and control was 86% and 81%, respectively.

The effect of EH at the beginning of storage can change from positive to
negative depending on the duration of the temperature exposure. Thus, in broiler
hens, EH (6 h, 36.9 °C) of eggs of 4- and 9-day storage caused an increase in
intestinal weight in 1-day-old chickens and did not affect the morphology of the
mucous membrane of the duodenum [66]. However, a longer treatment (12 h)
had a depressing effect on both the development of the mucosa and the live
weight of the chickens. In guinea fowl, investigation of the effect of a single EH



at 37.5 °C for 3, 6, or 9 hours before storage revealed the advantage of a 6-hour
exposure, namely an increase in the hatchability of eggs stored for 14 days [67].

Dymond et al. [68] performed 4-fold EH of hens, 4 h each at 37.5 °C,
followed by storage for 4 and 21 days (the control was an intact batch stored for
21 days). EH caused an increase in the number of viable blastoderm cells. Hatch-
ability was 92% and 84%, respectively vs. 71% in the control, and incubation time
was 511 and 504 hours compared to 519 h in the control [68]. In turkey, EH at
37.8-38.0 °C for 5 hours on the 3rd and 5th day at a total storage period of 10
days, under the temperature and humidity regime differentiated with regard to re-
quirements of each incubation period, reduced embryonic mortality, increased
hatchability, shortened embryogenesis, and improved offspring rearing [69].

Thus, the development of embryos at egg-laying is not the same both in
poultry of different species and within the same species [4-6], as well as in lines
resulted from directional selection [7, 8]. The same was observed in embryos of
the same genotype at different ages of mothers [10, 11] or depending on the or-
der in the oviposition cycle [12]. Eggs with embryos at DS 12-13 were the best
in storage parameters [15].

At ambient temperatures below physiological zero, embryogenesis does
not occur in laid eggs. There is no consensus on the temperature range at which
development ceases [10]. According to the reports, this range is 20-21 °C, 25-
27 °C or 28-29 °C [70]. Apparently, such significant fluctuations are caused not
only by the factors mentioned above, but also by differences in the thermal tol-
erance of genotypes, even with the same direction of use [71]. Eggs should be
cooled after laying. Otherwise, the division of blastoderm cells will continue, but
with an increase in the frequency of apoptosis, which will negatively affect the
storage resistance. It is advisable to change the storage conditions depending on
the intended duration, Thus, 19 °C and 70% humidity are optimal to store broil-
er hen eggs for 1-2 days, 12.5 °C and 90% are optimal for 13-16 days [72]; 15-
18 °C are optimal for duck eggs under 1-3-day storage, 12-15 °C for 1-8-day
storage and 8-12 °C for more than 8-day storage under 78-80% humidity [73].

As already noted, depending on the storage mode, the water reserves in
the egg contents decrease due to evaporation through the shell, and the air
chamber becomes more voluminous [23-25, 32], the protein and yolk are alka-
linized, the ovomucin-lysozyme system disintegrates, the Iytic activity of lyso-
zyme decreases, the activity of other enzymes, the concentration and ratio of
amino acids, including essential amino acids, change [74], the properties of un-
der-shell membranes and the vitelline membrane are violated [28, 29], deutero-
plasm is contaminated with microflora [30, 75], yolk lipids undergo peroxidation
[34]. The main markers of the incubation value of such eggs are protein pH,
protein and yolk indices, HU, and the air chamber height [3, 24].

During the incubation of old eggs, the embryogenesis and growth of
hatched chickens lag compared to fresh eggs. Under incubation of turkey eggs
pre-stored for 5, 10 and 11-15 days, 8-day-old embryos reached developmental
stages 28.6, 27.7 and 27.0 [9] with a weight of 505, 437 and 406 mg, respectively
[76]. One of the reasons causing a decrease in the embryo weight may be the
activation of blastoderm cell death due to apoptosis during storage [21]. On av-
erage, during each next day from the laying to the beginning of incubation, its
time becomes 1 hour longer, and hatchability decreases by 1% [77]. The physio-
logical state of individuals at different hatching periods is not the same [78]. In
the eggs subjected to long-term storage, a lower cardiovascular function occurs
during the final period of embryogenesis, which is caused by the depletion of the
energy reserves of the body, as evidenced by the activation of gluconeogenesis
[47]. These circumstances must be taken into account, especially when breeding



highly productive broiler hens predisposed to the development of ascites syn-
drome due to their inherent chronic heart failure which is formed in embryogen-
esis [80].

Chickens hatched from stored eggs require elevated ambient temperature
during the first week of active life [52]. Such young animals have reduced immu-
nocompetence [81]. Considering the well-known role of lysine in the formation of
immunodeficiency [82], it can be assumed that at least one of the reasons for the
latter may be a decrease in the content of this essential amino acid in the protein
of stored eggs [74].

The phenomenon of better incubation of eggs after short-term storage
(3-6 days) compared to fresh eggs and eggs stored for a longer time is conspicu-
ous [33, 38, 39]. It is likely that the increased hatching from the first ones is due
to the fact that in them, unlike the second ones, the processes occurred before
incubators are identical to those in the eggs during the nest formation in natural
conditions. A characteristic feature of breeding individuals of this group, which
includes most poultry species, is that during this period parents spend most of
their time outside the nest. For example, ducks visit the nest only 1-2 times a
day [16]. During this period, a pH gradient forms between the dorsal and basal
sides of the blastoderm [40], the activity of enzymes changes, the viscosity of the
protein decreases, and prerequisites are created for the formation of the embry-
onic fluid. During artificial incubation of fresh eggs, such a lag period is absent
and the corresponding physicochemical processes ensuring the preparation of
eggs for embryogenesis do not have time to occur. However, this period is short
in terms of changes in the deuteroplasm that can occur under prolonged storage
thus reducing quality of the hatching eggs.

With increasing age of the laying hens, the egg resistance to storage de-
creases [50, 51]. According to Damaziak et al. [83], the hatchability of stored
eggs from 70- and 73-week-old broiler hens, as well as the quality of the ob-
tained chickens are worse than for 49- and 52-week-old hens. Eggs from young
hens can withstand longer storage at high temperature and low humidity than
eggs of laying hens at the end of the productive period [84]. Embryos in stored
eggs laid by hens of different ages differ in sensitivity to fluctuations in ambient
temperature. There is a significant change in the embryogenesis in eggs from
aging hens due to fluctuations in air temperature [85]. The authors simulated
opening a warehouse door, where eggs were stored for 7 days (in poultry farms
this usually happens at 09%, 139 and 17% for the scheduled movement of
batches of eggs), causing temperature fluctuations in the range of 18-21 °C for
40 minutes. As a result, there was a decrease in early embryonic mortality in the
offspring of 27-week-old hens and, conversely, its increase in the offspring of
50-week-old laying hens compared to eggs stored at a constant temperature.

The growth rate of modern poultry genotypes derived through directional
selection based on productivity traits varies, including at the stage of early em-
bryogenesis. L™ line turkeys, which were selected to increase bodyweight gain,
lay eggs with less developed embryos than females of the L™ [7]. It is known that
embryos that have not reached the gastrula stage are less resistant to storage [14].
This proves the need for individualization of both storage and EH modes for
almost every cross. In particular, when studying the effects of the genotype, ma-
ternal age, and duration of storage on the egg condition [86], a higher HU value
was established in stored eggs from Hy-Line Brown cross hens (Hy-Line Inter-
national, USA) with brown shells compared to this in eggs from the Bovan
Brown cross (Hendrix Genetics, Netherlands) with the same shell color and the
crosses DeKalb White (Decalb Poultry Research, USA) and Hy-Line W36 with
white egg shells. The dry matter content in the deutoplasm, the elasticity of the



vitellin membrane and its resistance to deformation also differed.

Considering the different needs of industrial poultry farming in males and
females, the data on the displacement of the secondary sexual ratio compared to
the standard (1:1) for different egg storage conditions is worth noticing [42, 43],
especially since a shift in this ratio caused by the action of a certain temperature
regime during egg incubation, fixed at the genetic level and transmitted to the next
generation, was established [87].

The influence of EH as one of the most effective ways of preventing the
decline in the egg quality during storage [61-69] has been tested on the main
species of poultry. EH at a temperature of 37.5 °C should be carried out several
days after laying, with repeating the procedure at 6-7-day intervals, while the
total time of EH should not exceed 15 hours at a temperature above 32 °C [88].
Note that thermal effects on the egg occurs not only during pre-incubation stor-
age (in the form of EH), but also during incubation through periodic changes in
the temperature regime in order to train the hypothalamic-pituitary-cortico-
adrenal system of embryos and to stimulate their adaptive capabilities [89-93].
These two methods are based on the use of thermal contrasts, which are similar
to temperature fluctuations in natural conditions, during egg laying and hatch-
ing. EH during storage, as well as thermal training during artificial incubation,
can optimize reproduction due to simulation of the processes that occur during
the reproduction of birds in the natural habitat. At the same time, it is necessary
to consider the unequal requirements of modern highly productive bird geno-
types to environmental conditions. For example, developing embryos of the Ross
708 broiler cross (Aviagen, UK) are more sensitive to temperature conditions
than the embryos of another Ross 308 broiler cross [94].

So, during the storage of eggs, changes in the physicochemical properties
of the deutoplasm, vitellin membrane and shell membranes occur, the effective-
ness of the protection against microflora and incubation efficiency become
worse, and the conditions of the obtained young birds deteriorate. The develop-
ment of embryos and the growth of chickens hatched from such eggs are slowed
down. Methods have been developed to control the quality of stored eggs. In
order to compensate for the decrease in the quality of hatching eggs, it is advisa-
ble to perform their heating during storage.
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