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ABSTRACT Targeted in ovo green light (GL) pho-
tostimulation during the last days of broiler egg incu-
bation increases embryonic expression of the
somatotropic axis, similar to in ovo green light photo-
stimulation from embryonic day (ED) 0 to the end of
incubation. The aim of this study was to examine the
effect of selected in ovo GL photostimulation periods
on post-hatch broiler growth. Four hundred twenty
fertile broiler eggs were divided into 7 treatment
groups: the first incubated in the dark (standard con-
ditions) as a negative control; the second incubated
under monochromatic GL from ED0-ED20 (positive
control); the third group incubated under monochro-
matic GL light from ED15-ED20; the fourth, fifth and
sixth groups were incubated under monochromatic GL
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on ED16, ED17, and ED18, respectively; and the sev-
enth group was incubated under monochromatic GL
from ED18-ED20. All illumination was provided inter-
mittently using LED lamps. After hatch, all chicks
were transferred to a controlled room under standard
rearing conditions. The group incubated under green
light from ED18 until hatch showed similar results to
the positive control group in body weights, as well as
breast muscle weights (as % of body weights), and an
elevation in the somatotropic axis activity during the
experiment. We suggest that broiler embryos can be
exposed to in ovo GL photostimulation from ED18
until hatch (hatching period), and still exhibit the
same performance as obtained by photostimulation
from d 0 of incubation.
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INTRODUCTION

Targeted green light (GL) photostimulation is a well-
known management treatment for elevating different
production processes, such as growth, meat yield and
reproduction (Rozenboim et al., 1999a, 1999b, 2004;
Olanrewaju et al., 2006; Zhang et al., 2012; Borille et al.,
2013). Previous studies conducted in our lab have shown
that broilers reared under GL photostimulation had
increased growth rate and breast muscle weights
(Rozenboim et al., 1999a,b; Rozenboim et al., 2004).
Furthermore, embryonic green light photostimulation
(in ovo) elevated embryonic body and breast muscle
weights (Rozenboim et al., 2004) and elevated the body
and breast muscle weights of broilers after hatch
(Rozenboim et al., 2004). In ovo GL photostimulation
affects development and growth of muscles, through its
effects on proliferation and differentiation of satellite
cells, and its effects on several myogenic proteins, such
as myogenin, myostatin, and MyoD expression
(Halevy et al., 2006a, 2016b; Zhang et al., 2014a).
The somatotropic axis, which is known to affect devel-

opment and growth, is one of the major endocrine mech-
anisms studied regarding the effects of targeted in ovo
GL photostimulation. The somatotropic axis begins
with the hypothalamic growth hormone releasing hor-
mone (GHRH). GHRH is released from hypothalamic
neurons and travels through the portal vessels to the
pituitary, where it increases both production of the
growth hormone, and together with somatostatin and
thyrotropin releasing hormone, regulates the secretion
of growth hormone (GH) from the pituitary
(Mayo, 1992; McMurtry et al., 1997; Porter et al., 2006;

https://doi.org/10.1016/j.psj.2021.101229
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dishonliron@gmail.com


2 DISHON ET AL.
Kim, 2010). The production and secretion of GH elevate
during embryonic development, reaching peak levels in
the early post-hatch period, followed by a decline in
plasma hormone levels (Buyse and Decuypere, 1999;
Kim, 2010). GH can be found not only in the pituitary,
but also in other tissues, such as the ovaries, testes,
osteoblasts, thymus, spleen, the bursa of Fabricius, and
more (Luna et al., 2008, Marisela Ahumada-Sol�orzano
et al., 2012). GH has important effects on several tissues,
such as decreasing lipolysis (Rosebrough et al., 1991),
proliferation and differentiation of muscles cells
(Halevy et al., 2006b), and growth of broilers, and GH
levels are positively correlated to growth rate (Vasila-
tos-Younken and Scanes, 1991). The effects of GH are
mediated by the growth hormone receptor (GHR),
found in several tissues in broilers, such as the muscles,
adipose, liver and more (Mao et al., 1998; Dishon et al.,
2018). The effects of GH can be direct or indirect
through the synthesis of insulin-like growth factor I
(IGF-1) in the liver and muscles (Kanacki et al., 2012;
Dishon et al., 2018). It was shown that in the post-hatch
period a positive correlation between the GH and IGF-1
was detected and that plasma IGF-1 levels were closely
related to plasma GH levels (McMurtry et al., 1997).
IGF-1 has an important role in broiler’s metabolism
(such as carbohydrates, lipids and proteins)
(McMurtry et al., 1997).

It was shown in several studies, including our previous
papers, that in ovo GL photostimulation elevate the
expression and secretion of different components of the
somatotropic axis (Halevy et al., 1998; Zhang et al.,
2014a, 2014b; Dishon et al., 2017; Dishon et al., 2018).
In our previous paper (Dishon et al., 2021), we discov-
ered that in ovo GL photostimulation of broiler embryos
from embryonic day (ED) 18 until hatching (hatching
period), showed similar elevation in somatotropic axis
activity, manifested by increased plasma GH levels and
hypothalamic GHRH and liver GHR and IGF-1 mRNA
levels on the day of hatching. The aim of this study was
to examine the effect of selected in ovo GL photostimu-
lation periods on post-hatch broiler growth and somato-
tropic axis activity.
MATERIALS AND METHODS

Animals

All procedures in this experiment were approved by
the Animal Care Committee of the Hebrew University
of Jerusalem (research number AG-07-10346-2). A total
of 420 fertile broiler (cobb 500) equal weight eggs (63§ 3
g) were obtained from a 36-wk-old broiler breeder flock
(Brown Hatchery, Hod Hasharon, Israel). Eggs were
incubated inside a Petersime 9600 incubator (Petersime,
Zulte, Belgium), under standard conditions until ED18
(37.8°C and 56% RH). On ED7 eggs were candled and
infertile eggs were removed. On ED18 eggs were trans-
ferred to hatching baskets according to in ovo treatment
groups and returned to the incubator, with changes to
temperature and RH according to the Cobb hatchery
management guide. After hatching, chicks were tagged
by wing bands and transferred to environmental and
light controlled rooms (with 8.4 chicks per square meter)
under white light (day light, 0.1 W/m2 by LED lamps).
All chicks from all the treatment groups were housed
together in the same experimental room. All chicks were
reared on pine wood shaving litter with ad libitium pro-
vision of feed ([Tadmir group, Bet Shemesh, Israel], feed-
ing program according to Cobb broiler management
guide, Cobb-Vantress, 2018) and water, and the rooms
were heated to 33°C (with a decrease of 2°C every week).
Light Management

The eggs were divided into 7 treatment groups (each
light treatment with 60 fertile embryos, which were con-
sidered an experimental unit). All GL photostimulations
were conducted by Light-emitting diode (LED), as
described in our previous papers, with cardboard provid-
ing a separation between the different light treatment
groups inside the hatchery (Dishon et al., 2017;
Dishon et al., 2018), with 560 nm, intensity of 0.1 W/m2

at eggshell level, with intervals of 15 min light/15 min
dark to avoid overheating the eggs (Rozenboim et al.,
2004). Each treatment group was separated by card-
board to eliminate light transfer between the groups
(after measuring no interference to air flow and changes
in egg temperatures). The first group was incubated
under dark conditions (Dark, negative control). The
second group was incubated under GL photostimulation
from ED0 until hatch (GD0-20, positive control). The
third group was incubated under GL photostimulation
from ED15 until hatch (GD15-20). The fourth group
was incubated under GL photostimulation on ED16
(GD16). The fifth group was incubated under GL pho-
tostimulation on ED17 (GD17). The sixth group was
incubated under GL photostimulation on ED18
(GD18). The seventh group was incubated under GL
photostimulation from ED18 until hatch (GD18-20).
Post-Hatch Experimental Procedures

Body Weights Body weight was recorded on d 0 (day
of hatch), d 3, 7, 13, 20, 28 and 35 of age.
Blood Sampling and Tissue Sampling Blood and tis-
sue samples were collected on d 0, 5 and 35 d of age. Hep-
arinized blood samples were drawn from the jugular vein
(10 chicks of every treatment group). Birds were then
euthanized by cervical dislocation. Body, breast muscle,
abdominal fat and liver weights were recorded, and sam-
ples from the hypothalamus, liver, and breast muscle
were taken and placed in liquid nitrogen, and afterwards
stored at �80°C until mRNA expression analysis (as
described in Dishon et al., 2017; Dishon et al., 2018).
Hormone Analysis Competitive ELISA assay was
conducted in order to measure plasma GH levels, using
the corresponding biotinylated tracer, as described pre-
viously (Dishon et al., 2017).



Table 1. Primers used in real-time PCR reactions.

Gene Primers Product length GenBank accession no.

GAPDH F: GGCACGCCATCACTATC 61 bp NM_204305.1
R: CCTGCATCTGCCCATTT

b-Actin F: CCGCAAATGCTTCTAAACCG 101 bp NM_205518.1
R: AAAGCCATGCCAATCTCGTC

GHRH F: GGCAAACGGCTCAGAAACAG 140 bp NM_001040464.1
R: AGCATGGCTCCCAAGAAGTC

GHR F: GCGTGTTCAGGAGCAAAGCT 121 bp NM_001001293.1
R: TGGGACAGGCATTTCCATACTT

IGF F: GCTTTTGTGATTTCTTGAAGGTGAA 195 bp NM_001004384.2
R: CATACCCTGTAGGCTTACTGAAGTA
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RNA Extraction and Real-Time Polymerase Chain
Reaction (Real-Time PCR) The frozen tissue samples
were homogenized by HG-300 homogenizer, and total
RNA was extracted using RNAzol RT reagent, accord-
ing to the manufacturer's protocol (GeneCopoeia, Rock-
ville, MD). The RNA extraction protocol, as well as the
cNDA production and real time PCR protocols was as
described in our previous papers (Dishon et al., 2017;
Dishon et al., 2021). A list of primers is found in Table 1.
Statistical Analysis Body, muscles, liver and abdomi-
nal adipose tissue weights, plasma GH levels, as well as
mRNA expression levels data were analyzed by a two-
way ANOVA model with post-hatch age, in ovo light
treatment group, and their interaction as fixed effects.
There was no significant interaction between the treat-
ment group and the age of the broilers. Therefore, the
tables and figures show least square means (§SEM) for
each light treatment on a specific post hatch growth
day. Tukey-Kramer HSD test for post-hoc testing of the
differences between treatments' least squares means was
used. All statistical analyses were conducted with JMP
software Ver. 15 (SAS Institute).
RESULTS

Hatching rates form fertile eggs were similar in all
treatment groups (88%-89%). In addition, a similar
hatching window was observed in all groups at 478−482
(incubation hours) of hatching time.

No significant interaction was found between post-
hatch age and in ovo light treatment group, throughout
the experiment.
Body Weights

Broiler BW increased from 44.6 g on d 0, to between
2,384 and 2,571 g (depending on treatment group) on d
35 (Figure 1). During the rearing of the birds, we found
that from d 3 until d 13, and then from d 28 until d 35,
BW of GD18-20 group were significantly higher than
those of the negative control, with no significant differ-
ence from the positive control group (GD0-20). Further-
more, both the GD15-20 group, as well as the GD16
group had similar results to the positive control during
the rearing period. The GD17 and GD18 groups had
similar weights to the negative control (Dark) until 13 d
of age, but on 35 d of age had higher weights than the
negative control group. On d 20 of the experiment, there
were no significant differences between the treatment
groups and the dark group (Table 2).
No significant differences between the in ovo light

treatment groups were found for liver and abdominal
adipose tissue weights. For the breast muscle weights,
we found on day of hatching that the GD18-20 group
had a similar weight to the GD0-20 group and a signifi-
cantly higher breast muscle weight compared to the
Dark group, while all other treatment groups had
weights between the negative and positive control. On d
5 we found that the GD15-20 and GD18-20 groups had
a significantly higher muscle weights compared to the
Dark group, while all other treatment groups had higher
weights than the Dark group, but with no significant dif-
ferences. On d 35 (Figure 2), the GD18-20 group had
similar breast muscle weights to the GD0-20 group and
significantly higher weights than the Dark group, while
the GD15-21 and GD16 groups had breast muscle
weights between the GD0-20 and Dark group. The
GD18 group had similar results as the dark group, while
the GD17 group had lower breast muscle weights than
the dark group, and the GD18 group had lower breast
muscle weights than the Dark group (Table 3).
Plasma GH Levels

Plasma GH levels were elevated from d 0 to d 5 then
declined up to d 35 (termination of the experiment).
When examining the different levels of each treatment
group, we found that the GD0-20 group had signifi-
cantly higher levels on d 0 and d 35 than the Dark group.
On d 5 the GD0-20 had higher plasma GH levels com-
pared to the Dark group, but with no significant differ-
ence. All other in ovo light treatment groups had similar
plasma GH levels to the GD0-20 group and higher than
the Dark group, but with no significant difference. The
GD18-20 group had significantly higher plasma GH lev-
els compared to the Dark group throughout the experi-
ment (Figure 3).
Hypothalamic GHRH, Liver GHR, Liver IGF-1
and Muscle IGF-1 mRNA Gene Expression

Hypothalamic GHRH mRNA expression on d 0 was
elevated in all in ovo light treatment groups compared
to the Dark group. On d 5 of the experiment, the GD0-



Figure 1. Broiler BW on 35 d of age. Broilers incubated in the dark as a negative control (dark) or under monochromatic green light from differ-
ent days and periods of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20). Data are presented as means § SEM.
Means of the groups on a specific day with different letters differ significantly (P < 0.05).
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20 group had significantly higher levels than the Dark
group, with the GD15-20 group having similar expres-
sion to the GD0-20. The GD18-20 group had slightly
lower results than the GD0-20 group and GD15-20
group, but higher than the Dark group. The GD17 and
GD18 groups had similar expression to the Dark group,
and GD16 had the lowest expression. On d 35 of the
experiment, the GD0-20 group, as well as the GD15-20
and GD18-20 groups, had significantly higher expression
than the Dark group. The GD16, GD17 and GD18 treat-
ment groups had similar results to the Dark group
(Figure 4).

Liver GHR mRNA levels on d 0 were significantly ele-
vated in the GD0-20, GD15-20, GD16 and GD18-20
groups, when compared to the Dark group. The GD17
and GD18 groups had similar results as the Dark group.
On d 5 of the experiment, the GD0-20, GD16, GD17 and
GD18-20 groups had significantly higher GHR mRNA
levels than the Dark group. The GD15-20 and GD18
Table 2. Broiler body weights on 0, 3, 7, 13, 20 and 28 d of age, of br
monochromatic green light from different days of incubation to day of

TreatmentDay Dark GD0-20 GD15-20

0 44.5AB 44.3AB 43.7B

3 75.4C 78.0ABC 79.95AB

7 164.8B 167.4AB 177.8A

13 384.9B 394.6AB 403.2AB

20 897.0A 898.2A 916.3A

28 1585.1B 1634.2AB 1650.4AB

Data are presented as means of the groups on a specific day, with different le
groups had higher levels than the Dark group but lower
than the GD0-20 group. On d 35, the GD18-20 group, as
well as GD15-20 group, had similar GHR mRNA levels
to the GD0-20 group, and significantly higher levels
than the Dark group. The GD16, GD17 and GD18
groups had higher expression than the Dark group but
lower than the GD0-20 group (Figure 5).
Liver IGF-1 gene expression on day 0 of the experi-

ment was significantly elevated in the GD0-20, GD15-
20, GD16 and GD18-20 groups, compared to the Dark
group. The GD17 and GD18 groups had similar results
to the Dark group. On d 5 of the experiment, the GD18-
20 group had similar results to the GD0-20 group, and
significantly higher levels than the Dark group. The
GD15-20 and GD16 groups had IGF-1 mRNA levels
between the GD0-20 and Dark groups, and the GD 17
and GD18 groups had similar results to the Dark group.
On d 35 of the experiment, all light treatment groups
had significantly higher results than the Dark group,
oilers incubated in the dark as a negative control (dark) or under
hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20).

GD16 GD17 GD18 GD18-20

45.6A 45.1A 44.7AB 44.4AB

78.65ABC 76.7BC 75.3C 81.2A

168.1AB 163.2B 161.7B 177.2A

392.9AB 388.1B 379.4B 419.6A

903.1A 885.3A 869.45A 907.4A

1604.8AB 1594.7B 1603.6AB 1673.7A

tters indicating significantly different means (P < 0.05).



Figure 2. Broiler breast muscle weights on 35 d of age. Broilers incubated in the dark as a negative control (dark) or under monochromatic green
light from different days and periods of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20). Data are presented as
means § SEM. Means of the groups on a specific day with different letters differ significantly (P < 0.05).

Table 3. Broiler breast muscle weights on 0 and 5 d of age, of broilers incubated in the dark as a negative control (dark) or under mono-
chromatic green light from different days of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20).

Treatmentday Dark GD0-20 GD15-20 GD16 GD17 GD18 GD18-20

0 0.66B 0.75A 0.71AB 0.69AB 0.73AB 0.69AB 0.74A

5 5.78B 6.54AB 6.89A 6.49AB 6.33AB 6.32AB 6.65A

Data are presented as means of the groups on a specific day, with different letters indicating significantly different means (P < 0.05).

Figure 3. Broiler plasma GH levels on d 0, 5, and 35. Broilers incubated in the dark as a negative control (dark) or under monochromatic green
light from different days and periods of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20). Data are presented as
means § SEM. Means of the groups on a specific day with different letters differ significantly (P < 0.05).
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Figure 4. Broiler hypothalamic GHRH mRNA expression levels on d 0, 5, and 35. Broilers incubated in the dark as a negative control (dark) or
under monochromatic green light from different days and periods of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-
20). Data are presented as means § SEM. Means of the groups on a specific day with different letters differ significantly (P < 0.05).
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with the GD15-20 and GD18-20 having the highest IGF-
1 mRNA levels (Figure 6).

Breast muscle IGF-1 gene expression on d 0 of the
experiment was significantly elevated in the GD15-20
and GD18-20 groups, compared to the negative con-
trol, and similar to the positive control. The GD17
group had results higher than the negative control
but lower than the positive control. The GD16 and
Figure 5. Broiler liver GHR mRNA expression levels on d 0, 5, and 3
monochromatic green light from different days and periods of incubation to
Data are presented as means § SEM. Means of the groups on a specific day w
GD18 groups had similar results to the negative con-
trol. On d 5 of the study, the GD18-20 group had sig-
nificantly higher expression when compared to the
negative control, and similar to the positive control.
The GD16 group had results between the negative
and positive control expressions, and all other treat-
ment groups had similar results to the negative con-
trol. On d 35 of the experiment, the GD18-20 group
5. Broilers incubated in the dark as a negative control (dark) or under
day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20).
ith different letters differ significantly (P < 0.05).



Figure 6. Broiler liver IGF-1 mRNA expression levels on d 0, 5, and 35. Broilers incubated in the dark as a negative control (dark) or under
monochromatic green light from different days and periods of incubation to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-20).
Data are presented as means § SEM. Means of the groups on a specific day with different letters differ significantly (P < 0.05).
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had significantly higher muscle IGF-1 gene expres-
sion, compared to the negative control, and similar to
the positive control. The GD15-20 and GD16 groups
had levels between the positive and negative control.
The GD17 and GD18 groups had lower results than
the negative control (Figure 7).
Figure 7. Broiler breast muscle IGF-1 mRNA expression levels on d 0,
under monochromatic green light from different days and periods of incubati
20). Data are presented as means § SEM. Means of the groups on a specific d
DISCUSSION

In ovo green light photostimulation from embryonic d
18 until hatch significantly elevated broiler growth,
breast muscle weight, hypothalamic GHRH, liver GHR
and IGF-1 mRNA, breast muscle IGF-1 mRNA, and
5, and 35. Broilers incubated in the dark as a negative control (dark) or
on to day of hatch (GD0-20, GD15-20, GD16, GD17, GD18, and GD18-
ay with different letters differ significantly (P < 0.05).
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plasma GH levels. This elevation was similar to the posi-
tive control group (in ovo green light photostimulation
from embryonic d 0 until hatch). These results are in
accordance with, and can serve as an extension to, a pre-
vious study in our laboratory, which showed that in ovo
GL photostimulation during the whole incubation period
(similar to the positive control in the current study) ele-
vated both body weight and breast muscle weights in
broilers, even on d 35 post hatch (Rozenboim et al., 2013).
The results in this study can also serve as a continuation
of both Zhang et al. (2014b), who showed that in ovo GL
photostimulation increased plasma GH levels until d 5
post-hatch, as well as our previous studies (Dishon et al.,
2018; Dishon et al., 2021), because those studies showed
that in ovo GL photostimulation between ED18 and
ED20 (hatching day) caused an elevation in the somato-
tropic axis activity during the embryonic stages, while the
present study shows that this elevation of the somato-
tropic axis continues well after the end of the embryonic
stages, as well as increases the productivity of the broilers.

This study shows that the positive effect of in ovo GL
photostimulation during the late embryonic, pre-hatch-
ing period (GD18-20 group) has on the expression of the
somatotropic axis is not limited to the embryonic stages
and until hatching, or even to the first week of rearing,
but continue even until the end of the broiler rearing
period. These last days of incubation are considered a
critical stage or period in the development of the chicken
embryo (De Oliveira et al., 2008). The chicken embryo
goes through 3 major critical periods, or periods of dis-
tinctive physiological changes (De Oliveira et al., 2008;
Tong et al., 2013). The first critical stage is called the
establishment of germ, or the early critical stage. The
second stage is the completion of the embryo. The last
critical stage is called the emergence period, or the peri-
natal period, and occurs during the last week of the incu-
bation (Romanoff, 1949; De Oliveira et al., 2008). Each
of these periods has distinctive different changes in the
broiler embryo. The last critical period is identified with
growth of the embryo’s organs, and development and
maturation of several physiological and metabolic sys-
tems (Tong et al., 2013), such as the transition to pul-
monary respiration (De Oliveira et al., 2008),
development of hearing to allow response to external
sounds, as well as vocalization (Tong et al., 2013), matu-
ration of the functionality of pituitary-adrenal axis
(Decuypere and Bruggeman, 2005), elevation of gluco-
corticoids (Decuypere and Bruggeman, 2007), matura-
tion of the thyrotropic and somatotropic axes
(Ellestad, et al., 2011), elevation of plasma GH levels
(Zhang et al., 2014b; Dishon et al., 2018), elevation in
liver metabolism pathways, such as gluconeogenesis, gly-
colysis, glycogenesis, glycogenolysis, pentose phosphate
and more, in order to maintain energy homeostasis dur-
ing hatching and until feeding of the hatchling
(De Oliveira et al., 2008), and an increase in the brush
border enzymes of the small intestines (Uni et al., 2003).

Taken together our current findings that in ovo GL
photostimulation during the last critical period of the
broiler’s incubation increased growth and somatotropic
axis expression, we suggest that the last incubation days
might be considered a photostimulation critical period
for broiler somatotropic axis activity. These findings are
important, because they confirm that the positive effect
of in ovo GL photostimulation during the hatching pro-
cess (from the time the eggs are transferred to hatching
trays and until hatch), will remain during the entire
growth period, and will give results similar to GL photo-
stimulation during the entire incubation period. Fur-
thermore, it is possible that the in ovo GL
photostimulation effect on plasma GH levels during the
last critical stage of incubation (as shown in
Dishon et al., 2021), may affect the hormonal imprinting
process, by affecting the responsiveness and quantity of
the GH receptors, as found during last stages of incuba-
tion and hatching (Dishon et al., 2021) as well as during
the post-hatch period in this experiment. According to
Csaba (1986), hormonal imprinting processes occur
when a hormone affects its receptors either in quantity,
responsiveness, or both. According to Csaba (2011), hor-
monal imprinting means that during the developmental
stages, a hormone (or related structures) affects the
receptor binding capacity, which can affect the respon-
siveness to the hormone for life (Csaba, 2011). The
imprinting first occurs during ontogenetic development,
but can occur in any organ or cell that continues to
develop during any time in life (Csaba, 2011). It is stated
that faulty hormonal imprinting (such as exposure to a
structurally related foreign molecule) may give rise to a
faulty imprinting by diminishing the quantity or respon-
siveness of the receptors as well as cause lifelong mor-
phological and biochemical consequences (Csaba, 1986;
Csaba, 2011). An example of this is the exposure of peri-
natal rats to diethyl-stilbestrol, which causes a signifi-
cant decrease in the binding capacity of estrogen
receptors during adulthood (Csaba, 2011). Another
example of hormonal imprinting was given by
Rozenboim et al. (1990). During the experiment, they
discovered that heavy breed male chicks were resistant
to the slimming effect of testosterone. However, they
found that embryonic exposure to androgen sensitizes
the heavy breed male chicks to the anti-fattening effect
of the testosterone, which suggests that hormonal
imprinting may be involved in the determination of the
slimming effect of testosterone on heavy breed male
chicks (Rozenboim et al., 1990). Consistent with the
notion of hormonal imprinting, the critical period for
GL photostimulation of the somatotropic axis was deter-
mined to be between ED18 and ED20, the period during
chicken development when the somatotropic axis
matures (Ellestad, et al., 2011).
One of the questions arising from these results is

whether the changes we discovered may be considered
epigenetic alterations\adaptations? Epigenetics refers to
the regulation of gene expression with no changes to
DNA sequence (Jiang et al., 2016). Epigenetic adapta-
tion or modification is defined by a prenatal manipula-
tion that generates a physiological memory, which in
turn facilitates a better adaptation during the postnatal
period (Yahav, 2009; Vinoth et al., 2018). According to
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Guerrero-Bosagna (2018), a variety of traits can be
affected by environmental interaction, through epige-
netics. Thus, external changes which affect the pre- and
postnatal periods can have enormous effects on the adult
phenotype (Guerrero-Bosagna et al., 2018). According
to Tzschentke and Halle (2009) changes in incubation
temperatures during critical periods of the incubation,
such as the end of the incubation, may induce prenatal
epigenetic temperature adaptation, which will result in
adaptation to different environmental temperature dur-
ing the post hatching development (Tzschentke and
Halle, 2009). Furthermore, Zhu el al. (2020), showed
that in ovo feeding with vitamin C on ED11, affected
several parameters during the post-hatch period, such as
the average daily feed intake, average daily gain and
feed conversion ratio, as well as increased expression of
enzymes related to DNA methylation and reduced the
expression of enzymes related to DNA demethylation.
They contributed these results to nutria-epigenetics
(which studies the effects of a specific nutrient during a
physiological phase on the regulation of gene expression
through epigenetic modifications) (Zhu el al., 2020).
Similar to those studies, and others like them, we found
that in ovo photostimulation during the last days of the
incubation (GD18-20 group), as well as during the entire
embryogenesis period (GD 0-20 group), elevated soma-
totropic axis gene expression during the post-hatch
period (even 35 d post hatch), as well as affected the
growth and production of the broilers throughout this
period of time. Therefore, we suggest it may be possible
that the in ovo GL photostimulation, especially during
the entire embryogenesis, or during the last critical stage
of incubation, causes an epigenetic adaptation for soma-
totropic axis expression, which in turn affects the perfor-
mance of the broilers.

However, further studies are required in order to
examine and understand whether there are epigenetic
modifications during these changes, as well as to exam-
ine whether these changes\adaptations can carry on to
future generations. Moreover, the in ovo GL photosti-
mulation between ED18 and hatching can become a
commercial tool to increase performance in broilers, as it
requires GL LEDs only during the hatching process, and
increases performance as well as photostimulation from
ED0 to hatching.
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