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Abstract: One of the major problems impeding the sustainable development of goose production is

low egg hatchability. Thus, it is imperative to develop more efficient ways to improve the hatching

qualities of goose eggs. The present study aimed to investigate the effects of changes in the tempera-

ture regime of incubation on the availability of vitamins A (retinol) and E (α-tocopherol), as well as

important elements of antioxidant protection in embryos and goslings. The initial heating of eggs at

temperatures of 39 and 39.5 ◦C during the first 24 or 36 h was used as the main factor influencing

goose embryo development. The dynamics in the content of antioxidant retinol and α-tocopherol

were analyzed in the liver of embryos and goslings (up to 9 days of age) using the standard regime

of incubation (at 38 ◦C) and the prior heating of eggs (at 39 ◦C and 39.5 ◦C) in the first 24 and 36 h

of incubation. The obtained results provided new information about the effect of the initial heating

of eggs on the function of antioxidants in the gosling’s body. It was confirmed that the age-related

changes of retinol and α-tocopherol levels in goslings are similar to those found in chicks, ducklings,

and turkey-poults. In addition, the effect of an egg’s weight on hatchability was established, with

the hatchability of eggs in the medium weight class being higher than that of smaller and larger

eggs. The efficiency of the redistribution of retinol from the yolk to the liver in day-old goslings was

higher by 6% when exposing eggs to a temperature of 39.5 ◦C for 36 h. The initial heating regime at

39.5 ◦C led to an increased hatch of goslings, and to the evenness of their hatch from eggs of different

weights, approaching the hatch values of the medium class. Overall, the α-tocopherol concentration

in the liver of embryos and goslings, using the starting heating of eggs, was higher than that with the

standard temperature mode of incubation. At the same time, the hatch rate of goslings increased by

9–13%, and the hatchability of eggs by 10–16%. For use in the practice of hatcheries and breeding

poultry farms, it is recommended that goose eggs are heated for 36 h at 39.5 ◦C.

Keywords: geese; incubation; eggs; embryos; vitamins E and A; reproduction

1. Introduction

Domestic geese originated from the graylag (Anser anser (Linnaeus, 1758)) and swan
(A. cygnoides (Linnaeus, 1758)) goose, with some presumable influence from the greater
(A. albifrons (Scopoli, 1769)) and lesser (A. erythropus (Linnaeus, 1758)) white-fronted goose,
bar-headed goose (A. indicus (Latham, 1790)), and a few other wild species. They persist
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as an important poultry species [1,2]. They are reared in both large-scale industrial and
small courtyard conditions for such valuable products as meat, foie gras, fat, feathers and
down, eggs, edible offals, and paws [2,3]. Goose production is a recognized branch of
animal agriculture in various countries, including Ukraine, and has been improved by
genetics, breeding, reproduction biology, and technology advances (e.g., [4–13]). However,
it is hampered by a low egg hatchability [2,14].

The development of an embryo in ovo is affected by many abiotic and biotic factors of
the environment (temperature, humidity, composition of the atmosphere, toxic substances,
microorganisms, etc.) e.g., [14–17]. As with all birds, the goose egg acts not only as a
supply of nutrients (proteins, lipids, vitamins, etc.) needed for the embryo, but also as an
integral system of physical protection aimed at preserving the embryo and securing its
development stages [15–18].

New strategies under development in the contemporary poultry industry involve
the implementation of approaches aimed at improving embryo development by enriching
feed with polyunsaturated fatty acids, antioxidants, vitamins, and minerals (e.g., [19–21]).
In particular, high concentrations of such natural antioxidants as vitamins E and A play
a significant physiological role in the body of avian embryos by inhibiting the intense
peroxidation of lipids in embryonic tissues during the incubation period [22,23]. Previously,
we investigated important quality indicators of hatching poultry eggs, including the content
of vitamins E and A, as well as carotenoids in the yolk [19,24]. This, in turn, depends on
the content of these vitamins in the embryonic tissues, primarily in the liver and yolk
sac. It was also found that vitamin E is present in the form of α-tocopherol in the liver
of embryos and day-old young birds in various poultry species [23–25]. According to
our data [24], the α-tocopherol concentration in the egg yolk of Large Gray breed geese
averaged 45.62 ± 2.29 µg/g, while it was 54.61 ± 3.11 µg/g in ducks of the Ukrainian
Gray breed and 127.62 ± 2.48 µg/g in the Rhode Island Red chickens, with the highest
vitamin E concentration being noted in the yolk of quail eggs (252.46 ± 7.80 µg/g). When
studying the dynamics of the vitamin E level in the liver during egg incubation and after
hatch [24], the α-tocopherol concentration in this organ was maximized in day-old goslings
and grew from 42.3 ± 3.6 µg/g in 15-day (E15) embryos to 286.1 ± 5.9 µg/g at the time of
hatching (Figure 1).

–

–

–

–

α
–

], the α
 ± 2.29 μg/g, while it was 54.61 ± 3.11 μg/g in ducks of the 
 ± 2.48 μg/g in the Rhode Island Red

 ± 7.80 μg/g). 

α
3.6 μg/g in 15 5.9 μg/g at the 

 

Dynamics of αFigure 1. Dynamics of α-tocopherol and retinol content in the liver of embryos and young geese

(according to [24]).
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Due to the adjustment of the feeding program for parent stocks and the relevant
changes in the mode and technology of incubation, it is possible to improve the hatching
egg indicators and the quality of young birds [26–28]. The microbiological contamination of
eggs, and the time, temperature, and humidity of egg storage also have a significant impact
on hatchability results; however, the latter are more dependent on egg fertilization [14,17,21].
Goose eggs have one of the longest incubation periods of any poultry species (generally for
28–35 days; [3]), and an embryo mortality during incubation is relatively high compared to
other poultry species. In addition, egg characteristics are influenced by the age of geese of
the parent stock and the laying period [28]. One of the technological methods of waterfowl
egg incubation is to turn the eggs during incubation for an even distribution of temperature
on the embryo [26,29]. Changes in the mRNA expression of regulatory genes of muscle
development (e.g., [30,31]), such as myogenic factor 5 (MYF5), myogenic differentiation
1 (MYOD1), myogenin (MYOG), and myogenic factor 6 (MYF6, or MRF4), along with
the activation of the genes for paired box 3 (PAX3) and paired box 7 (PAX7), explain the
enhanced growth and development of limb muscles using a wider angle of rotation of
the eggs during incubation. Herewith, the development of goslings and the secretion of
hormones of the somatotropic and thyrotropic axes are also intensified [29,32]. In addition,
when calibrating eggs by weight in various poultry species, it was shown that the hatching
qualities of the medium weight (modal) class were higher than those of small and large
eggs (e.g., [33,34]).

Investigating the effects of temperature stimuli on egg incubation outcomes was
particularly intriguing (e.g., [35]). An analysis of the impact of different temperature
regimes of goose egg incubation on the egg hatchability and the quality of day-old goslings
suggested their impairment when using hatching eggs of large sizes [36]. At the same time,
the use of a differentiated temperature regimes makes it possible to increase the hatchability
of goose eggs (by 7–8%), as well as the quality of the produced day-old young geese [36].

One of differentiated temperature stimuli can be a short-term heating of eggs at
the beginning of incubation, as it was established for turkeys in order to facilitate their
embryogenesis [37]. There is an issue of low hatchability due to the imperfect artificial
incubation of goose eggs, although almost 100% of goslings can be hatched when natural
incubation occurs. The latter conducive effect of the natural incubation can be explained by
a slightly higher temperature during the initial period of goose embryo organogenesis [38].
The egg, while being naturally incubated under the broody mother, cannot be overheated
since the embryo easily tolerates higher temperatures. The embryo, therefore, seems to be
able to tolerate high temperatures in the first hours (h) of artificial incubation [38]. Armed
with the knowledge of the dynamics of α-tocopherol and retinol content in the embryos and
goslings in the conventional incubation conditions (Figure 1, [24]), it would be worthwhile
to ascertain whether this can be applied as an effective strategy for the initial short-term
heating of goose eggs.

In this regard, the goal of our research was to investigate ways to improve the hatching
qualities of goose eggs by exploring (1) The availability of vitamins E and A in embryos
and young geese; and (2) The effects of egg weight on hatchability when changing the
incubation temperature regime. By elevating the temperature to 39 and 39.5 ◦C for the
first 24 and 36 h of incubation, the positive effects on reproduction traits, including egg
hatchability, hatch of goslings, and vitamin availability, were established. The ultimate
purpose was to establish whether the implementation of this procedure should become
commonplace in the practice of hatcheries and goose production farms.

2. Materials and Methods

The present study included two experiments carried out at the State Poultry Research
Station (SPRS, formerly Poultry Research Institute), National Academy of Agrarian Sciences
of Ukraine, Birky, Kharkiv Region. It incorporated fertile eggs, embryos, and goslings from
a population of the native Large Gray breed (Figure 2; [39]) maintained at the Rozdolne
Experimental Farm, an SPRS branch. Eggs were incubated in a hatchery of the Birky
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Experimental Farm, an SPRS research base, while groups of hatched goslings were then
housed in an SPRS vivarium.

  
(a) (b) 

–

Figure 2. Large Gray breed of geese. (a) Goslings post hatch; (b) a parent flock of adult geese.

In Experiment 1, the effects of starting heating of goose eggs on their reproduction
traits, including hatchability and vitamin availability in embryos during incubation (up
to 28 days of incubation) and in goslings post-hatch (up to 9 days of age), were examined.
For this purpose, eggs were subjected to short-term (within 24 and 36 h) initial heating
at 39.0 and 39.5 ◦C, respectively, and the following five groups were formed: Group 1
(control, 770 eggs), with incubation according to generally accepted technology [3] at 38 ◦C
for the entire time; Group 2 (766 eggs), where heating begins at 39 ◦C in the first 24 h;
Group 3 (772 eggs), where heating begins at 39.5 ◦C for the first 24 h; Group 4 (705 eggs),
where heating begins at 39 ◦C during the first 36 h; and Group 5 (706 eggs), where the
eggs are heated at 39.5 ◦C for the first 36 h. The temperatures were selected as close as
possible to the temperature under the mother during natural incubation. After applying the
initial heating, the eggs of Groups 2 to 5 were placed in one incubator (setter) and further
incubated together at 38 ◦C.

Setters IUP-F-45 and hatchers IUV-F-15 (CJSC Pyatigorskselmash, Pyatigorsk, Stavropol
Krai, Russia) were exploited, with each apparatus chamber capacity being ~6000 goose
eggs. The length of egg storage before incubation did not exceed five days, and the storage
conditions were set at 10–12 ◦C with 70% relative humidity and darkness. Disinfection of
hatching eggs was performed using formaldehyde fumigation. Eggs were candled before
incubation to identify cracks and on E15 for possible embryo deaths. Air cooling of the
eggs during incubation was applied according to the following scheme: E15 to E19, two
times a day; E19 to E22, three times a day; and E22 to E26, four times a day. Starting
on E22, the cooling process was accelerated by spraying the eggs with water at room
temperature (with the addition of potassium permanganate to a slightly pink color). Egg
hatchability was measured as percentage of eggs that provide hatched goslings relative
to the number of fertile eggs. Hatch rate of goslings, also designated as hatchability of set
eggs, was determined as percentage of hatched goslings relative to the total number of
eggs set for incubation.

To examine the dynamics of the vitamin E and A levels on embryogenesis, the liver of
goose embryos was sampled for subsequent biochemical analysis on the following key days
of their development: E15 (when observing the presence of a formed liver), E23 (transition
from the protein type of nutrition to yolk), and E28 (transfer of eggs to a hatcher). On
each key day of embryogenesis, samples of the liver were collected from five developing
embryos in each group. Additionally, five samples per group were collected from the yolk
sac and residual yolk contents in E28 embryos and day-old goslings, respectively. In order
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to explore the vitamin E and A level dynamics in the first days of life, 30 day-old goslings
per group were placed in a vivarium. At the age of 1, 3, 5, and 9 days, five goslings per group
were slaughtered, liver samples were obtained, and the concentrations of vitamins E and A
were determined. Vitamin E and A content was identified, as described elsewhere [40,41].

The widely used tables of Hamburger and Hamilton [42] were employed to determine
the stage of embryo development in this investigation. This information is instrumental
in providing an objective step-by-step description of embryo morphogenesis. Previously,
such tables were described for chicken, turkey, quail, and duck embryos, while the works
of Łukaszewicz et al. [38] and Li et al. [43] made it possible to characterize accurately the
development of goose embryos. Applicability of the Hamburger and Hamilton tables [42]
was shown here for determining the goose embryo stage, too. In particular, the tables
of development of goose embryos were useful for assessing their specific morphogenetic
status during incubation, including number of somite pairs (Figure 3).

Łukaszewicz

  
(a) (b) 

   
(c) (d) (e) 

Figure 3. Stages of development of goose embryos after two days of incubation at different starting

temperatures during the first 24 (b,c) and 36 (d,e) h of incubation. (a) Group 1 (control, with the basic

mode of incubation at 38.0 ◦C during the entire incubation period), 11.80 ± 0.52 pairs of somites;

(b,d) Groups 2 and 4 (with the starting warm-up at 39.0 ◦C), 14.27 ± 0.54 and 15.04 ± 0.44 pairs of

somites, respectively; (c,e) Groups 3 and 5 (with the starting warm-up at 39.5 ◦C), 14.98 ± 0.49; and

16.51 ± 0.62 pairs of somites, respectively.
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In Experiment 2, to establish the effect of starting heating of goose eggs and different
weights on their hatchability and vitamin availability of embryos during incubation, all
eggs from Experiment 1 were weighed on the day of setting the eggs for incubation
and additionally calibrated into three weight classes: small, <145 g; medium weight
(modal), 145–170 g; and large, >170 g, with at least 300 eggs from each class being placed
for incubation.

Statistical data analysis was performed using Excel 2013 (Microsoft Corporation,
Redmond, WA, USA). The software package STATISTICA 8 (Statsoft, Inc./TIBCO, Palo
Alto, CA, USA) was also employed for repeated measures analysis of variance (rANOVA).
Parameter values were presented as group means and standard errors (M ± SE) and further
subjected to statistical processing using the non-parametric Mann–Whitney U-test.

3. Results

As can be seen in Figure 3, the results obtained in Experiment 1 with the starting
heating at 39.0 and 39.5 ◦C during the first 24 and 36 h of incubation demonstrated a positive
effect of the applied methodological approach on the early development of embryos.
Specifically, embryos in the eggs treated with short-term heating (Groups 2 to 5) had a
greater number of somite pairs (14.3–16.5) as compared to those in Group 1 (11.8; p < 0.05).

As shown in Figures 4–6, differences in the dynamics of the vitamin E and A content in
the liver of embryos and goslings were observed in response to the modified temperature
regime, when the eggs were subjected to the 24- and 36-h heating at 39 and 39.5 ◦C,
respectively, as compared to the standard incubation conditions (Group 1). Particularly, the
concentration of α-tocopherol in the liver of embryos at all the incubation time points was
higher in the experimental Groups 2 to 5, as compared to the control Group 1 (p < 0.05).
The same regularity was found in the early postnatal ontogenesis (Figures 4 and 5). The
concentration of vitamin A in the liver of the embryos and young animals of an early age
was also higher in the experimental groups as compared to the control, both when using
the starting heating within the first 24 and 36 h (Figure 6; p < 0.05).

–

–

–

–

α

 

Figure 4. Concentration of α-tocopherol in the liver of embryos and young geese in the control

Group 1 (38.0 ◦C) and Groups 2 and 3 (with the initial egg heating during the first 24 h of incubation

at 39 and 39.5 ◦C, respectively).
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Concentration of α-tocopherol in the liver of embryos and young geese in the control 
Group 1 (38 ) and Groups 4 and 5 (with the initial egg heating during the first 36  of incubation 
at 39 and 39.5 , respectively).

α
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Figure 5. Concentration of α-tocopherol in the liver of embryos and young geese in the control

Group 1 (38 ◦C) and Groups 4 and 5 (with the initial egg heating during the first 36 h of incubation at

39 and 39.5 ◦C, respectively).
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Concentration of α-tocopherol in the liver of embryos and young geese in the control 
Group 1 (38 ) and Groups 4 and 5 (with the initial egg heating during the first 36  of incubation 
at 39 and 39.5 , respectively).

 

α
196.7 μg in Group 

72.8 μg in Group 3 (T = 39.5 
α

Figure 6. Concentration of vitamin A in the liver of embryos and young geese in the control Group 1

(38.0 ◦C) and Groups 4 and 5 (with the initial egg heating during the first 36 h of incubation at 39.0

and 39.5 ◦C, respectively).

We also identified that in response to the 24-h initial heating, the total reserves of
α-tocopherol in the residual yolk sac of E28 embryos amounted to 1002 ± 196.7 µg in Group
2 (T = 39.0 ◦C) and 1119 ± 72.8 µg in Group 3 (T = 39.5 ◦C). This was 742 and 625 µg less as
compared to the control group (1744 ± 242.1 µg; p < 0.01). The content of α-tocopherol in
the residual sac of E28 embryos and day-old goslings due to 24- and 36-h egg exposure to
starting temperatures is shown in Figure 7 and Table 1.

During the process of embryonic development, the redistribution of vitamin E between
the residual yolk and the liver was established. During the incubation period, 25% of the
total α-tocopherol reserve of the yolk passed into the liver of day-old goslings in the control
group, and 29–34% in the experimental Groups 2–5 (p < 0.01). In the residual yolk sac, the
α-tocopherol concentration was lower in the experimental groups, suggesting its more
efficient transfer to the liver and other tissues of the goslings during the embryogenesis
when using the initial heating of eggs. The efficiency of retinol redistribution from the
yolk to the liver of day-old goslings in the control was 14.5%, while this indicator in the
experimental groups was 15.3% at 24-h exposure and 20.6% at 36-h exposure (p < 0.05).
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Therefore, a higher concentration of vitamins E and A in the liver of embryos and their
lower concentration in the residual yolk were indicative of their better assimilation from
the yolk when applying elevated temperatures at the beginning of incubation.

 

Concentration of α

–

Vitamin Е content in response to the 

28-Day Embryos Day-old Goslings
Content, µg/g Total, µg Content, µg/g Total, µg

38.0  (Group 1) 53.8 ± 1.89 1688.0 ± 171.4 57.6 ± 4.45 590.8 ± 116.0
39.0  (Group 4) 48.7 ± 1.52 1290.5 ± 61.7 * 52.8 ± 2.90 288.7 ± 65.6 **
39.5  (Group 5) 41.2 ± 3.00 * 903.1 ± 111.7 ** 45.3 ± 3.20 * 309.6 ± 73.4 **

Differences between Group 1 and Group 4 or 5 are significant at: * p < 0.05; ** p < 0.01.

α
– –

α

– –

Figure 7. Concentration of α-tocopherol in the yolk sac of embryos and goslings in response to

the initial heating of eggs for 24 h. Significant differences in 28-day-old embryos between the

experimental groups and Control Group 1: a, Group 2, p < 0.01; b, Group 3, p < 0.01. Those in day–old

goslings: a, Group 2, p < 0.05; b, Group 3, p < 0.01.

Table 1. Vitamin E content (M ± SE) in the residual yolk of embryos and goslings in response to the

initial heating for 36 h.

Mode of Starting Heating
28-Day Embryos Day-old Goslings

Content, µg/g Total, µg Content, µg/g Total, µg

38.0 ◦C (Group 1) 53.8 ± 1.89 1688.0 ± 171.4 57.6 ± 4.45 590.8 ± 116.0
39.0 ◦C (Group 4) 48.7 ± 1.52 1290.5 ± 61.7 * 52.8 ± 2.90 288.7 ± 65.6 **
39.5 ◦C (Group 5) 41.2 ± 3.00 * 903.1 ± 111.7 ** 45.3 ± 3.20 * 309.6 ± 73.4 **

Differences between Group 1 and Group 4 or 5 are significant at: * p < 0.05; ** p < 0.01.

In terms of the improvement of incubation and hatch indicators, the egg-heating
effectiveness in the first 24 and 36 h of embryo development was also determined, as shown
in Table 2. Overall, when eggs were initially heated, egg hatchability increased by 10–16%,
and gosling hatch rates increased by 9–13 points (p < 0.05).

In addition to the increased hatch of young birds, the use of elevated temperature
at the beginning of egg incubation also led to an evenness of the hatch percentage from
eggs of different weights, approaching the values of the medium class of eggs. Overall,
in Experiment 2, using goose eggs of different weight categories, it was established that
the hatching quality of eggs of the medium class was higher than that of small and large
eggs (Figure 8; p < 0.05). One of the factors that can explain this pattern is the presence
of increased availability of carotenoids and vitamin A in eggs of the medium class as
compared to small and large egg classes. Since the goose egg heating for 36 h at 39.5 ◦C
(i.e., the temperature that was closest to the actual temperature under the mother) led to
higher hatching rates (by 13.5%; p < 0.05), this incubation mode seems to be preferable for
use in the work of hatcheries and poultry farms.
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Table 2. Results of goose egg incubation and hatch of goslings in response to the starting heating at

39 and 39.5 ◦C in comparison with the basic standard mode of incubation (38 ◦C).

Indicators

Groups

1 (38.0 ◦C)
2 (39.0 ◦C) 3 (39.5 ◦C) 4 (39.0 ◦C) 5 (39.5 ◦C)

24-h Starting Heating 36-h Starting Heating

No. of eggs incubated 700 766 772 705 706
Egg fertility, % 94.3 94.6 94.2 90.8 92.1

No. of goslings hatched 504 571 576 520 557
Hatch of young geese, % * 65.4 74.5 74.6 73.7 78.9

Egg hatchability, % ** 69.4 78.7 79.2 81.3 85.7

* As conformed to the hatchability of set eggs (%) = (number of hatched goslings/total number of set eggs) × 100.
** Hatchability of fertile eggs (%) = (number of hatched chicks/number of fertile eggs) × 100.

 

Figure 8. Influence of the three different egg weight classes on their hatching quality results. Signifi-

cant differences relative to the small eggs: a, medium eggs, p < 0.01; b, large eggs, p < 0.05.

4. Discussion

Knowledge of the dynamics of changes in the content of vitamins (e.g., Figure 1)
is important in the reproduction research and pivotal for understanding the processes
of embryonic and early postnatal development of young animals, as well as the initial
formation phases of antioxidant defense systems to withstand oxidative stress [22,44]. Here,
we examined the vitamin E and A dynamics during the standard and modified incubation
regimes of goose eggs and assessed the effects of short-term heating of eggs in the early
stages of embryogenesis on the vitamin availability in embryos and goslings post-hatch.
The vitamin E concentration in the liver drops sharply after the hatching of the goslings
and decreases up to almost 10 times by the age of 9 days (Figure 1). We suggest that a
high level of α-tocopherol, known as a very effective native antioxidant, is needed for
its use in the first days after hatching from the egg and should act as a starting stock to
ensure an adequate antioxidant status at the time of the hatching of goslings. This complies
with the important physiological role of high concentrations of this natural antioxidant in
the body of embryos to prevent the intense peroxidation of lipids in their tissues during
this period [22,23].
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As for the accumulation of vitamin A in the liver of embryos and young geese, its
concentration tended to grow constantly throughout incubation and in the first days of life
(Figure 1). We also demonstrated these vitamin A dynamics in our study. Previously, we
noticed this pattern for adult birds as well, reaching a maximum at the end of the productive
period [24]. It should be emphasized that the amount of retinol in other embryonic tissues
during the development of goslings changed insignificantly and is fewer than 10% of
its concentration in the liver. Thus, already at the early stages of embryo development,
the liver functions as a depot for vitamin A. Subsequently, this is even more evident in
adult geese [24].

Our findings were concordant with the previous studies on the young birds of other
poultry species, showing that the age dynamics of the vitamin A level in goslings is similar
to that in chicks, ducklings, and turkey-poults [45,46]. In addition, the presence of a high
amount of vitamin A in the diet of the parent flock of poultry has a significant effect on the
concentration of vitamins E and C and carotenoids in the egg yolk and liver of embryos [47].

It is known that 90% of vitamin A in the liver is localized in the stellate cells [48,49].
Being a lipid, vitamin A exhibits a membranotropic effect on all types of membranes,
which is manifested in its antioxidant effect [50]. The accumulation of vitamin A in the
target organ depends on the functional state of the liver, which can be explained by the
peculiarities, level, and direction of metabolism of this organ. With hypervitaminosis A,
the membrane is destroyed due to the lysis process. This leads to the release of hydrolytic
enzymes, the destruction of cells, and the development of inflammatory reactions. The
disruption of mitochondrial membranes can result in apoptosis and those of erythrocytes
in hemolysis. On the other hand, vitamin A in normative (natural) quantities plays a very
important role in the cell, ensuring the processes of regeneration and antioxidant protection.
Therefore, we consider its increased level in the liver of embryos and goslings due to the
initial heating of eggs at 39.5 ◦C during the first 36 h of incubation as a positive factor.

Our research output is also consistent with the fact that vitamin E in the egg yolk and
liver of embryos and day-old goslings is present exclusively in the form of α-tocopherol [51],
and its total reserves in the liver of goslings can be used as a physiological marker to
evaluate their health condition. An active accumulation of vitamin E in the liver of young
poultry begins in the last week of development, and the maximum level of α-tocopherol
was noted immediately after hatching. The deposition of α-tocopherol in the liver of
embryos before hatching is of a general biological significance since a similar pattern is
observed in all poultry species [45].

In previous studies (e.g., [17,52–57]), the egg weight effects in various poultry species
were established on the significantly higher mortality of embryos that develop in smaller
and larger eggs than that in eggs of the medium class. In the current study, we mainly
confirmed this observation. Differentiation of incubation regimes taking into account
the egg weight reduced the difference in hatchability between the medium and extreme
classes, although it did not completely eliminate it. The biological mechanisms of this
phenomenon require further investigation. We also established that the short-term heating
of goose eggs in the initial stages of incubation enabled the increase of vitamin E and A
statuses of embryos and young geese, while the hatchability differences between the egg
weight classes essentially disappeared, which contributed to a higher egg hatchability and
hatch of young birds in general. The most effective in terms of increasing the hatching of
goslings and the hatchability of eggs was the initial heating at 39.5 ◦C during the first 36 h
of incubation. Therefore, we recommend this technological approach for implementation
in incubation stations.

The results of our experiments suggested the redistribution of vitamin E between the
residual yolk, the yolk sac membrane, and the liver of the embryo during the incubation
process. Importantly, vitamin E is accumulated in the yolk sac membrane much earlier
than in the liver and reaches its maximum (almost 220 µg/g) on E19 or E20, i.e., close to
the hatching of the goslings. Considering the fact that the yolk sac membrane serves as a
continuation of the gastrointestinal tract of bird embryos and takes an active part in the
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adsorption of nutrients [58], including vitamins from the residual yolk, we suggest the
following mechanism of vitamin E accumulation in the liver of embryos by the hatch. First,
vitamin E is adsorbed by the yolk sac membrane from the yolk contents. This happens in
the earlier stages of incubation. After that, it passes from the yolk sac membrane through
the circulatory system of the embryo to the liver, where it accumulates. It should be borne
in mind that the process of vitamin E redistribution between the yolk sac membrane and
the liver continues even after the hatching of goslings.

The presence of vitamin E in such high concentrations in the liver of day-old birds
can be explained by a number of factors. First, almost the entire amount of vitamin E in
the egg yolk is transferred through the yolk membrane to the liver of the goslings. The
total amount of tocopherol in an average egg yolk (about 16 g) reaches 2000–2500 µg. This
vitamin E amount is thought to be required for its use in the first days after hatching and
should act as an initial stock of α-tocopherol, ensuring an adequate antioxidant status at
the time of hatching. Secondly, another reason for the high concentration of α-tocopherol
in the liver of day-old young animals is the absence of an active form of NADH-dependent
quinone reductase in their liver, which ensures further utilization of α-tocopherylquinone,
a product of vitamin E metabolism. As a consequence, the latter accumulates in the liver in
free form, thus inhibiting the α-tocopherol conversion.

Surai et al. [22] established that the production of reactive oxygen molecules in the
poultry body and oxidative stress are the major negative outcomes of the most common
stress factors in the poultry industry as a whole. However, the antioxidant defense system
includes a complex network of internally synthesized (antioxidant enzymes, glutathione,
etc.) and external (vitamins E, A, C, carotenoids, etc.) antioxidants and protects cells
from the negative effects of various peroxides. Maintaining an optimal oxidation-reduction
balance in the cell/body is a key element in providing the necessary conditions for adapting
to stress and maintaining homeostasis in the body. Surai et al. [22] suggested that the
development of a system of optimal antioxidant supplements in the diet of the parent
stock is one of the alternative ways of maintaining this balance. This new direction in
improving the antioxidant protection of poultry under stress conditions is associated with
the possibility of activating a number of vitagenes [59,60].

High superoxide dismutase activity in organs and tissues is considered to be a compen-
satory protection mechanism during the transition from hypoxia at the end of embryonic
development to relative hyperoxia in the first days of life [22]. Inadequate protection of the
body of young birds from reactive oxygen species in the second and third decades of life
leads to a shift of oxidizing processes towards free radicals.

It is known that vitamin E is able to perform its antioxidant functions only in the
form of α-tocopherol-alcohol [45]. At the same time, the activity of acylation–deacylation
enzymes in the body at the time of hatching is very low, and this enzyme system, practically,
does not function. This is the biological meaning of the high concentration of vitamin E
in the form of free tocopherol. Ensuring adequate antioxidant capacity, in particular, a
high concentration of vitamin E in the liver at various stages of embryo development, is
necessary to protect the increased level of unsaturation in embryo lipids. Research in this
area represents the first attempts to explain the protective mechanisms of vitamin E action
in tissues during embryogenesis [23]. The results we report here provide a new insight into
the function of vitamin E in the early postnatal period of development. Considering the fact
that the moment of hatching is a very strong stress factor, the high concentration of vitamin
E in the liver (i.e., an organ that actively participates in its metabolism and regulation of its
distribution among other tissues) is fully understandable [25]. In addition, the high level of
such lipids as polyunsaturated fatty acids (PUFAs) in tissues plays an important role at the
time of hatching. Collectively, the results of our own research and other studies suggest
that, along with the PUFAs accumulation in embryonic tissues, there is an increase in the
concentration of the natural antioxidant vitamin E. Herewith, the maximum concentration
of this vitamin is found in embryonic tissues at the time of hatching, which is accompanied
by a significant oxygen stress. The adaptation of young animals to the stressful conditions
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of the external environment in the first day of life leads to an increase in the consumption
of α-tocopherol reserves in the liver, which contributes to the reliable protection of tissues
from lipid peroxidation [61]. The endogenous level of free radical inhibitors in the body,
such as vitamin E, is crucial for maintaining the physiological level of oxygen radicals and
the integrity of cell membranes [62] so the level of free α-tocopherol in the liver can reflect
the health status of day-old young birds as an indicator related to the main life processes.

5. Conclusions

We established here that initially heating eggs at 39 and 39.5 ◦C within the first 24 or
36 h (as compared to the generally accepted technology at 38 ◦C for the entire time) was
effective. A higher level of α-tocopherol and retinol in the liver of embryos and young
goslings was established when initially heating goose eggs during 24 and 36 h of incubation
at 39–39.5 ◦C in all studied age periods in comparison with the standard mode of incubation
of eggs at 38 ◦C. Our results confirmed that the age dynamics of vitamin E and A levels in
goslings are similar to that found in chicks, ducklings, and turkey-poults. We argue that the
formation of the antioxidant system of poultry, the components of which are α-tocopherol
and retinol, occurs at the earliest stages of ontogenesis. The embryogenesis period is
characterized by high levels of α-tocopherol in the liver, which may be due to sufficiently
good protection of the embryos from external impacts and a low level of synthesis of
antioxidant enzymes in the embryonic tissues. The existence of a high endogenous level of
vitamin E in the liver and the sensitivity of this organ to lipid peroxidation may evidence
the specifics of the antioxidant system functioning in embryogenesis and early postnatal
ontogenesis of birds. We also identified that the modified incubation schemes, when eggs
were initially treated at 39 and 39.5 ◦C, facilitated an improvement in the reproduction
traits, including the hatching qualities of eggs and hatch rate of goslings. For use in the
work of hatcheries and breeding poultry farms, it can be recommended to implement the
initial heating of goose eggs for 36 h at 39.5 ◦C.
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