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Abstract
Background and Aim: Many environmental factors exist that influence embryonic development which is missing in 
the poultry industry, such as light in incubation facilities or hatcheries. Light plays an important role in the growth and 
development of chick embryos, whereas dark environments can lead to hatching failure or embryo distortion. Therefore, 
this study aimed to demonstrate the importance of light and its various colors on the growth and development of broiler 
chick embryos.

Materials and Methods: Four treatments were used to study the impact of various light colors on the growth of embryos 
and their neurophysiological traits: Dark without light (D), red light (RL), blue light (BL), and green light (GL), with three 
replicates per treatment (25 eggs/replicate) for a total of 300 fertile Ross 308 eggs. Each treatment was assigned to one 
incubator (75 eggs/incubator), whereas all other conditions were kept the same.

Results: The results showed a significant increase (p<0.01) in embryonic development for embryo weight, chick body 
weight, hatchability, and embryo index for RL, BL, and especially GL. RL, BL, and especially GL significantly increased 
(p<0.01) neurophysiological traits of the neurons, brain weight, and brain index.

Conclusion: The use of light during the embryonic period affects the development of the embryo and its neurophysiological 
traits.

Keywords: embryo, embryonic development, light color, neurophysiology.

Introduction

The poultry industry discovered that an increase 
in light intensity can accelerate embryonic develop-
ment [1,2]. In nature, chicken embryos at different 
ages and species certainly receive some light during 
incubation, whereas in industrial hatcheries, eggs are 
incubated in the dark for 21 days. Several studies 
demonstrated that exposing fertile eggs to light can 
increase the growth of the embryo and decrease the 
incubation period [2-4]. Post-hatch artificial lighting 
is an important management method for the growth 
and muscle development of meat-type birds [5]. 
Embryo exposure to light leads to changes in meta-
bolic rate [6], such as an increase in embryo metabolic 
rate in the pigeon Columba livia in light compared 
with darkness [7]. Furthermore, exposure to light 
increased the heart rate of embryos [8,9].

Providing light during broiler egg incubation 
affects production, health, and exhibits the poten-
tial to reduce stress associated with growth and 
production [10]. Archer [11] reported that providing 
light for 12 h/day during egg incubation reduced suscep-
tibility to stress of broilers post-hatch. The physiological 
mechanism of light stimulating embryonic growth and 
development differs before and after formation and mat-
uration of the retinal photoreceptor. The hypothalamic 
pacemaker and pineal gland are the main parts of the cir-
cadian avian system [12]. Embryonic cell proliferation 
increases with high light intensity [13]. Mussttaf [14] 
reported that visible light affects cellular metabolism 
regulated by cyclic adenosine monophosphate levels, 
which results in DNA synthesis. Experimental work in 
domesticated species of birds showed that light accel-
erates embryonic development by increasing metabolic 
activity and increased embryonic development, pineal 
gland formation, and modifies melatonin synthesis [15].

Low light intensity (e.g. 10 lx) can entrain embry-
onic starlings Sturnus valgus [16] to show a light-dark 
rhythm mediated by high melatonin hormone concen-
trations in darkness and low levels during light expo-
sure, which is a universal feature of embryonic organ-
isms [16]. González-Candia [17] demonstrated that 
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chicken embryos exposed to light for as little as 1 h 
decreases melatonin production and affects embry-
onic development.

This study aimed to assess the effect of exposing 
fertile Ross 308 eggs to red, blue, and green light (GL) 
on embryo weight at 19 days of incubation, percentage 
of hatchability, neuron diameter, brain weight, percent-
age of brain weight, and percentage of embryo weight.
Materials and Methods
Ethical approval

The study was conducted in accordance with the 
protocol authorized by the University of Anbar, Ethics 
Committee, Iraq. Fertile eggs from Ross (308) strain 
broiler breeder hens were obtained from a commercial 
farm.
Study period and location

This study was carried out from 10-10-2019 to 
20-11-2019 at the Department of Animal Sciences, 
College of Agricultural Sciences, University of 
Sulaimani, Iraq.
Experimental study

Four egg incubators were used (Cimuka, Turkey). 
Each incubator was used to incubate eggs using one 
specific light color according to the following exper-
imental treatments: Dark without light (D) (control), 
red light (RL), blue light (BL), and GL. Three repli-
cates for each treatment and 75 eggs per treatment (25 
egg/replicate) were present for a total of 300 fertile 
Ross 308 eggs. Apart from the treatment, all conditions 
were kept equal across incubators including, tempera-
ture, CO2 concentration, humidity, and ventilation.
Light control

In this study, a 12:12 light: dark period was pro-
vided using electric LEDs (intensity =560 nm, 0.1 
watts/m2 at eggshell level). The light was provided 
from 1 to 21 days of incubation.
Study traits
Egg weight, embryo weight, chick weight, and 
hatchability

The egg weight in the control and experimental 
groups ranged from 50 to 60 g and was similar across 
all treatment groups. The embryo was separated accord-
ing to Abdulateef [18] on 19th day of hatching, and the 
embryo weight was recorded. After hatching, the chicks 
from each treatment were collected and weighed. The 
hatchability was determined as the number of chicks 
hatched divided by the number of fertile eggs set.
Embryo index (EI)

All eggs from each treatment group were weighed 
individually at the end of the experiment. Next, the 
embryos were separated, cleaned, and weighed. The EI 
for all eggs was calculated using the formula below [19].

Embryo weight (g)   ×100
Egg weight (g)

EI =
 
 
 

Neurophysiological traits
Brain tissue collection

Chicks were treated with ether (anesthetic or 
hypnotic liquid), and after anesthesia, they were euth-
anized. They were dissected, and the brain was sepa-
rated from the skull by cutting all the cranial nerves 
and vessels at the base. The weight of the entire brain 
was measured.
Tissue processing

Immediately after the tissue was obtained, it was 
fixed by immersion in 4% paraformaldehyde at 4°C 
for 2 weeks. The brains were dehydrated, infiltrated, 
and blocks were prepared by embedding in Paraplast. 
Serial coronal sections of 7 µm thickness were cut with 
a rotary microtome. The sections were mounted on egg 
albumin-coated glass slides and subsequently stained for 
Nissl substance with 1% buffered thionin. The size of the 
sections at a distance of 2 mm from the rostral end of the 
brain was compared between treatment groups [20].
Quantification

The measurement of the neuronal nuclear area 
was determined using an image analyzing system (Axio 
Zeizz, USA). The measurements were made under a 
100× objective lens with a pixel size of 0.51 µm.
Brain index (BI)

At the end of the experiment, the hatching 
chicks from each treatment group were collected 
and weighed. As mentioned above, the brain was 
extracted, and the whole brain was weighed. The BI 
was calculated according to the following formula:

Brain Weight (gr)  100
Body Weight (gr)

BI 
 

× 
 

=

Statistical analysis
Data were analyzed as a complete randomized 

design using the SAS program (SAS Institute, USA) 
for statistical analysis [21]. The mean for each treat-
ment group was compared for significant differences 
using Duncan’s polynomial [22 ]. The level of signifi-
cance was set at p<0.01.
Results

Table-1 shows the effect of exposure to different 
light colors on embryonic development and hatchabil-
ity of chick embryos. A significant increase was found 
(p<0.01) in embryo weight (19 days incubation) for 
RL, BL, and GL (33.55, 33.93, and 34.70 g, respec-
tively) compared with D (30.00 g). In addition, a sig-
nificant increase was found (p<0.01) in body weight 
(1 old day after hatching) for GL and BL (41.23 and 
40.23 g, respectively) compared with RL and D (38.90 
and 34.73 g, respectively), whereas RL also resulted 
in significantly increased body weight (p<0.01) com-
pared with D. However, Table-1 shows that hatchabil-
ity was significantly higher (p<0.01) in GL (77.00%) 
compared with the other treatments D, RL, and BL 
(66.66%, 69.00%, and 72.0%, respectively). BL 



Veterinary World, EISSN: 2231-0916 1286

Available at www.veterinaryworld.org/Vol.14/May-2021/29.pdf

exhibited significantly higher hatchability compared 
with D and RL, but no difference was found between 
RL and D.

Table-2 shows the effect of exposure to different 
light colors on neurophysiological traits in the chick 
embryo. Significant increases were found (p<0.01) in 
neurons ranking from highest to lowest treatment: GL 
(45.63 µm), BL (43.03 µm), RL (40.40 µm), and D 
(30.20 µm). An effect of exposure to different light 
colors on brain weight was also observed (Table-2). 
No difference was found between BL and GL (0.88 
and 0.91 g, respectively), but they were significantly 
higher (p<0.01) compared with RL and D (0.86 and 
0.75 g, respectively). D demonstrated the lowest brain 
weight (p<0.01).

Figure-1 illustrates the effect of exposure to dif-
ferent light colors on the EI. The EI was significantly 
higher (p<0.01) in RL, BL, and GL (59.24, 60.20, 
and 61.74, respectively) compared with D (52.90). 
Exposure to different light colors also affected the BI 
(Figure-2). BI was significantly higher (p<0.01) in 
RL, BL, and GL (2.21, 2.20, and 2.21, respectively) 
compared with D (2.17).
Discussion

Light plays an important role in the growth and 
development of living organisms [23-25]. In many 

animals, light is a basic necessity for embryonic 
development and is one of the environmental factors 
that influence embryo growth rate, hatchability, and 
hatching time, whereas dark conditions may result in 
hatching failure or distortion of the embryo [6,26,27]. 
Light stimulation can improve embryonic develop-
ment by increasing embryonic metabolism and impact 
chick phenotypes, such as patterns of lateralization in 
birds [28 ]. However, light is often overlooked in indus-
trial hatcheries as an ecological factor during the incu-
bation of avian eggs. Therefore, this study was con-
ducted to investigate the importance of light as a key 
factor in embryonic development during incubation.

Two possible mechanisms exist underlying the 
effect of light on the embryo. First, light may promote 
developmental rates by increasing the metabolic rate 
of embryos. The increase in embryonic heart rate (an 
important metabolic index) under light conditions 
indicates that this mechanism may occur [29,30]. 
Second, evidence exists that visual stimulation before 
hatching leads to accelerated embryonic development 
of the embryo [31]. The vision of birds is superior, 
and the color of light, in addition to the light regi-
men and intensity, may also impact skeletal muscle 
growth [32] in chicks. More studies concluded that a 
combination of lights could improve the production 
of chicks [33]. However, this study shows the effect 
of GL stimuli on promoting both body weight and 
breast muscle weight during the embryonic period Table-1: The effect of exposure to different light colors 

on chick embryonic development and hatchability.

Treatments Egg 
weight 

(g)

Embryo 
weight* 

(g)

Chick 
weight 

(g)

Hatchability 
(%)

D 56.71 30.00b 34.73c 66.66c

RL 56.62 33.53a 38.90b 69.00c

BL 56.36 33.93a 40.23a 72.00b

GL 56.21 34.70a 41.23a 77.00a

Mean 56.47 33.04 38.77 71.16
**SEM 0.14 0.56 0.76 1.20
Significant ***NS 0.0001 0.0001 0.0001

*Embryo weight at 19 days, **SEM=Standard error 
mean, ***NS=Non-significant, a,b,cMeans in the same 
columns with different superscripts differ significantly. 
D=Control (without light), RL=Red light, BL=Blue light, 
and GL=Green light

Table-2: The effect of exposure to different light colors 
on neurophysiological traits in chick embryos.

Treatments Egg 
weight 

(g)

Neurons 
micron 
(μm)

Brain 
weight 

(g)

D 56.71 30.20d 0.75c

RL 56.62 40.40c 0.86b

BL 56.36 43.03b 0.88a

GL 56.21 45.63a 0.91a

Mean 56.47 39.81 0.84
*SEM 0.14 1.78 0.01
Significant **NS 0.0001 0.0001

*SEM=Standard error mean, **NS=Non-significant, 
a,b,cMeans in the same columns with different superscripts 
differ significantly. D=Control (without light), RL=Red 
light, BL=Blue light, and GL=Green light
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Figure-2: The effect of exposure to different light colors 
on brain index. D=Control (without light), RL=Red light, 
BL=Blue light and GL=Green light.
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Figure-1: The effect of exposure to different light colors 
on embryo index. D=Control (without light), RL=Red light, 
BL=Blue light and GL=Green light.
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and after hatching [4,33]. This stimulating effect of 
monochromatic GL on skeletal muscle may be related 
to the levels of IGF-1 in the plasma and muscle of 
chicks [32,34]. Halevy [35] demonstrated that the 
administration of rhIGF-1 affects muscle development 
in embryos. Circulating IGF-1 in the blood originates 
primarily from the liver [36]. Therefore, the regulation 
of muscle growth may be mediated through the effects 
of light on liver development. However, the liver 
plays only a minor role in the supply of IGF-1 to the 
developing embryo, whereas on hatching and during 
the post-hatch period, it is the main source of IGF-1 
for the chicken. GL photostimulation may lead to a 
high level of IGF-1 because of increased activation of 
growth hormone (GH) and its liver receptors [4]. This 
effect, in turn, results in greater activation of the liver 
to express the IGF-1 gene. This mechanism of GH con-
necting to liver growth hormone receptor (GHR) may 
cause an increase in liver IGF-1 [37]. GL photostimu-
lation of embryos at 0 days old increased plasma GH, 
hypothalamic growth hormone-releasing hormone 
(GHRH), liver GHR, and insulin-like growth fac-
tor-1 (IGF-1) mRNA levels [38]. Dishon [39] showed 
that GL promotes arylalkylamine N-acetyltransferase 
(AANAT) mRNA expression and the secretion of mel-
atonin in the chick pineal gland. Melatonin may play 
a crucial role as an antioxidant in the liver and other 
tissues [40,41]. The mechanism through which this 
improves embryo development could be explained 
by the fact that melatonin induces the activity of the 
detoxifying enzyme, glutathione peroxidase, in sev-
eral chick tissues. As a consequence, hydrogen perox-
ide is metabolized and thereby reduces the generation 
of highly toxic hydroxyl radicals [4,41]. As such, mel-
atonin should be considered a component of the anti-
oxidative defense system in avian species. Thus, GL 
exposure can enhance chick pinealocytes and retinal 
cells to express AANAT mRNA and to secrete mel-
atonin, which may be dependent on promoting c-Fos 
expression and cell proliferation [39,42,43]. Birds 
exhibit photoreceptors at two major sites: The ret-
ina (retinal photoreceptors) and in areas of the brain, 
such as the hypothalamus, pineal, and olfactory bulbs 
(extra-retinal photoreceptors). Both sites begin devel-
oping at 12 days of incubation as shown by mRNA 
expression and immunohistochemistry. These sites 
are related to activation of neurotransmitters such as 
glutamate, serotonin, and dopamine, and they are also 
associated with activation of the thyroid axis through 
activation of certain enzymes, such as Type II iodo-
thyronine deiodinase. Liang [44] showed an increase 
in GHRH expression from 16 days of incubation until 
1-day post-hatching. GL photostimulation from ED15 
increased hypothalamic GHRH mRNA expression to 
that of the positive control [5,45].

Accordingly, this may explain the increase in 
brain weight, neurons, and BI observed in the groups 
exposed to light compared with the control group. 
Conversely, the increase in brain weight may result 

from the development and increased body weight 
because a direct correlation exists between body 
weight and brain weight [46]. However, how light 
can reach the fetus of mammals that live within their 
mother’s body can be questioned. The possibility that 
light influences the establishment or the modulation 
of later bias in mammals is still under scrutiny [47]. 
Therefore, we recommend conducting further studies 
on these animals.
Conclusion

The exposure to different light colors, such as 
RL, BL, and GL, but especially GL, exhibits a sig-
nificant effect on embryonic development as observed 
through changes in embryo weight, body weight, and 
hatchability, as well as neurophysiological traits such 
as neurons, brain weight, and BI.
Authors’ Contributions

SMA: Designed the in vitro and in vivo experi-
mental design, participated, and supervised the execu-
tion of the experiment, and contributed to the writing of 
the manuscript. MAA and SSS: Conducted the histo-
pathological examinations and contributed to the writ-
ing of the manuscript. AAM and MQA: Participated 
in the execution of the experiment and contributed 
to the writing of the manuscript. AT: Participated in 
writing of the manuscript, data collection and statis-
tical analysis. All authors read and approved the final 
manuscript.
Acknowledgments

The authors are grateful to the Department 
of Animal Production, College of Agriculture, the 
University of Anbar, and the University of Sulaimani, 
Iraq for providing the necessary facilities for this 
study. We would also like to thank the International 
Society for Applied Ethology and Enago for English 
language revision of the manuscript.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Zhang, L., Zhu, X.D., Wang, X.F., Li, J.L., Gao, F. and 

Zhou, G.H. (201) Green light-emitting diodes light stim-
uli during incubation enhances post-hatch growth without 
disrupting normal eye development of broiler embryos and 
hatchlings. Asia. Australas. J. Anim. Sci., 29(11): 1562-1568.

2. Rozenboim, I., Huisinga, R., Halevy, O. and El 
Halawani, M.E. (2003) Effect of embryonic photostimula-
tion on the post hatch growth of turkey poults. Poult. Sci., 
82(7): 1181-1187.

3. Tong, Q, McGonnell, I.M., Demmers, T.G.M., 
Roulston, N., Bergoug, H., Romanini, C.E., Verhelst, R., 
Guinebretière, M., Eterradossi, N., Berckmans, D. and 



Veterinary World, EISSN: 2231-0916 1288

Available at www.veterinaryworld.org/Vol.14/May-2021/29.pdf

Exadaktylos, V. (2018) Effect of a photoperiodic green light 
programmer during incubation on embryo development and 
hatch process. Animal, 12(4): 765-773.

4. El-Sabrout, K. (2017) Effect of LED lighting during incu-
bation of Fayoumi eggs on hatchability and chick perfor-
mance. Kafkas Univ. Vet. Fakult. Derg., 23(6): 1007-1009.

5. Dishon, L., Avital-Cohen, N., Malamud, D., Heiblum, R., 
Druyan, S., Porter, T.E. and Rozenboim, I. (2017) In-ovo 
monochromatic green light photostimulation enhances 
embryonic somatotropic axis activity. Poult. Sci., 96(6): 
1884-1890.

6. Cooper, C.B., Voss, M.A., Ardia, D.R., Austin, S.H. and 
Robinson, W.D. (2011) Light increases the rate of embry-
onic development: Implications for latitudinal trends in 
incubation period. Funct. Ecol., 25(4): 769-776.

7. Prinzinger, R. and Hinninger, C. (1992) (Endogenous?) 
diurnal rhythm in the energy metabolism of pigeon embryos. 
Naturwissenschaften, 79(6): 278-279.

8. Rahman, A., Syduzzaman, M., Khaliduzzaman, A., 
Fujitani, S., Kashimori, A., Suzuki, T., Ogawa, Y. and 
Kondo, N. (2020) Nondestructive sex-specific monitoring 
of early embryonic development rate in white layer chicken 
eggs using visible light transmission. Br. Poult. Sci., 61(2): 
209-216.

9. Moriya, K., Höchel, J., Pearson, J.T. and Tazawa, H. (1999) 
Cardiac rhythms in developing chicks. Comp. Biochem. 
Physiol. A Mol. Integr. Physiol., 124(4): 461-468.

10. Archer, G.S. and Mench, J.A. (2014) The effects of the 
duration and onset of light stimulation during incubation on 
the behavior, plasma melatonin levels, and productivity of 
broiler chickens. J. Anim. Sci., 92(4): 1753-1758.

11. Archer, G.S. and Mench, J.A. (2013) The effects of light 
stimulation during incubation on indicators of stress suscep-
tibility in broilers. Poult. Sci., 92(12): 3103-3108.

12. Dawson, A., King, V.M., Bentley, G.E. and Ball, G.F. 
(2001) Photoperiodic control of seasonality in birds. J. Biol. 
Rhythms, 169(4): 365-380.

13. Chiandetti, C. and Vallortigara, G. (2019) Distinct effect of 
early and late embryonic light-stimulation on chicks’ later-
alization. Neuroscience, 414: 1-7.

14. Mussttaf, R.A., Jenkins, D.F.L. and Jha, A.N. (2019) 
Assessing the impact of low-level laser therapy (LLLT) on 
biological systems: A review. Int. J. Radiat. Biol., 95(2): 
120-143.

15. Cooper, C.B., Voss, M.A., Ardia, D.R., Austin, S.H. and 
Robinson, W.D. (2011) Light increases the rate of embry-
onic development: Implications for latitudinal trends in 
incubation period. Funct. Ecol., 25(4): 769-776.

16. Drozdova, A., Okuliarova, M. and Zeman, M. (2019) The 
effect of different wavelengths of light during incubation on 
the development of rhythmic pineal melatonin biosynthesis 
in chick embryos. Animal, 13(8): 1635-1640.

17. González-Candia, A., Veliz, M., Araya, C., Quezada, S., 
Ebensperger, G., Serón-Ferré, M., Reyes, R.V., Llanos, 
A.J. and Herrera, E.A. (2016) Potential adverse effects of 
antenatal melatonin as a treatment for intrauterine growth 
restriction: Findings in pregnant sheep. Am. J. Obstet. 
Gynecol., 215(2): 245.e1-7.

18. Abdulateef, S.M. (2017) The effect of maternal care 
(acoustic stimulus) on embryonic development and hatch-
ing muscle of broiler chickens. Iraqi J. Agric. Sci., 48(6): 
1263-1274.

19. Raj, G.D., Kumar, K.S., Nainar, A.M. and Nachimuthu, K. 
(2004) Egg: Embryo weight ratio as an indicator of dwarf-
ism induced by infectious bronchitis virus. Avian Pathol., 
33(3): 307-309.

20. Kesar, A.G. (2014) Effect of prenatal chronic noise expo-
sure on the growth and development of body and brain of 
chick embryo. Int. J. Appl. Basic Med. Res., 4(1): 3-6.

21. SAS. (2012) SAS/TAT User’s Guide Version 9. 1st ed. SAS 
Institute Inc., Gary, NC.

22. Duncan, D.B. (1955) Multiple range and multiple F-test. 

Biometrics, 11(1): 1-42.
23. Shafey, T.M. and Al-Mohsen, T.H. (2002) Embryonic 

growth, hatching time and hatchability performance of meat 
breeder eggs incubated under continuous green light. Asian 
Australas. J. Anim. Sci., 15(12): 1702-1707.

24. Pal, P., Dey, D., Sharma, B., Choudhary, S., Sahu, J., 
Kumar, S. and Ghosh, S. (2019) Effect of light management 
in broiler production: A review. J. Entomol. Zool. Stud., 
7(3): 437-441.

25. Soliman, F.N.K. and El-Sabrout, K. (2020) Light wave-
lengths/colors: Future prospects for broiler behavior and 
production. J. Vet. Behav., 36(39): 34-39.

26. Rogers, L. (2020) Steroid hormones influence light-de-
pendent development of visual projections to the forebrain 
(Commentary on Letzner et al., 2020). Eur. J. Neurosci., 
52(6): 3572-3574.

27. Szymkiewicz, M.M., Rzeszewska, Z. and Wojtczak, W. 
(1985) Effect of Illumination of Incubated Chicken Eggs 
on Embryonic and Post-embryonic Development. Annals of 
Warsaw Agricultural University SGGW-AR, Poland.

28. Andrew, R.J., Osorio, D. and Budaev, S. (2009) Light during 
embryonic development modulates patterns of lateralization 
strongly and similarly in both zebrafish and chick. Philos. 
Trans. R. Soc. London B Biol. Sci., 364(1519): 983-989.

29. Fairchild, B.D. and Christensen, V.L. (2000) 
Photostimulation of turkey eggs accelerates hatching times 
without affecting hatchability, liver or heart growth, or gly-
cogen content. Poult. Sci., 79(11): 1627-1631.

30. Sun, B.J., Li, T., Gao, J., Ma, L. and Du, W.G. (2015) High 
incubation temperatures enhance mitochondrial energy 
metabolism in reptile embryos. Sci. Rep., 5: 8861.

31. Du, W.G., Ye, H., Zhao, B., Warner, D.A. and Shine, R. 
(2010) Thermal acclimation of heart rates in reptilian 
embryos. PLoS One, 5(12): e15308.

32. Liu, W., Wang, Z. and Chen, Y. (2010) Effects of monochro-
matic light on developmental changes in satellite cell popu-
lation of pectoral muscle in broilers during early post-hatch 
period. Anat. Rec. (Hoboken), 293(8): 1315-1324.

33. Cao, J., Wang, Z., Dong, Y., Zhang, Z., Li, J., Li, F. and 
Chen, Y. (2012) Effect of combinations of monochromatic 
lights on growth and productive performance of broilers. 
Poult. Sci., 91(12): 3013-3018.

34. Zhang, L., Zhang, H.J., Qiao, X., Yue, H.Y., Wu, S.G., 
Yao, J.H. and Qi, G.H. (2012) Effect of monochromatic 
light stimuli during embryogenesis on muscular growth, 
chemical composition, and meat quality of breast muscle in 
male broilers. Poult. Sci., 91(4): 1026-1031.

35. Halevy, O., Piestun, Y., Rozenboim, I. and Yablonka-
Reuveni, Z. (2006) In ovo exposure to monochromatic green 
light promotes skeletal muscle cell proliferation and affects 
myofiber growth in post-hatch chicks. Am. J. Physiol. 
Regul. Integr. Comp. Physiol., 290(4): R1062-R1070.

36. Liu, H.H., Wang, J.W., Chen, X., Zhang, R.P., Yu, H.Y., Jin, 
H.B. and Han, C.C. (2011) In ovo administration of rhIGF-1 
to duck eggs affects the expression of myogenic transcrip-
tion factors and muscle mass during late embryo develop-
ment. J. Appl. Physiol., 111(6): 1789-1797.

37. Sjögren, K., Liu, J.L., Blad, K., Skrtic, S., Vidal, O., 
Wallenius, V. and Ohlsson, C. (1999) Liver-derived insu-
lin-like growth factor I (IGF-I) is the principal source of 
IGF-I in blood but is not required for postnatal body growth 
in mice. Proc. Natl. Acad. Sci. U. S. A., 96(12): 7088-7092.

38. Kanački, Z., Stojanović, S., Ušćebrka, G. and Žikić, D. 
(2012) The development pattern of IGF-1 (insulin-like 
growth factor-1) protein expression in breast muscle of 
broiler chickens. Biotechnol. Anim. Husbandry, 28(4): 
797-805.

39. Dishon, L., Avital-Cohen, N., Zaguri, S., Bartman, J., 
Heiblum, R., Druyan, S. and Rozenboim, I. (2018) In-ovo 
green light photostimulation during different embry-
onic stages affect somatotropic axis. Poult. Sci., 97(6): 
1998-2004.



Veterinary World, EISSN: 2231-0916 1289

Available at www.veterinaryworld.org/Vol.14/May-2021/29.pdf

40. Jin, E., Jia, L., Li, J., Yang, G., Wang, Z., Cao, J. and Chen, 
Y. (2011) Effect of monochromatic light on melatonin 
secretion and arylalkylamine N-acetyltransferase mRNA 
expression in the retina and pineal gland of broilers. Anat. 
Rec. (Hoboken), 294(7): 1233-1241.

41. Slominski, R.M., Reiter, R.J., Schlabritz-Loutsevitch, N., 
Ostrom, R.S. and Slominski, A.T. (2012) Melatonin mem-
brane receptors in peripheral tissues: distribution and func-
tions. Mol. Cell Endocrinol., 351(2): 152-166.

42. Zhang, L., Cao, J., Wang, Z., Dong, Y. and Chen, Y. (2016) 
Melatonin modulates monochromatic light-induced GHRH 
expression in the hypothalamus and GH secretion in chicks. 
Acta Histochem., 118(3): 286-292.

43. Hu, C. and Li, L. (2019) Melatonin plays a critical role 
in mesenchymal stem cell-based regenerative medicine 
in vitro and in vivo. Stem Cell Res. Ther., 10(1): 13.

44. Liang, S., Jin, Y.X., Yuan, B., Zhang, J.B. and Kim, N.H. 
(2017) Melatonin enhances the developmental competence 
of porcine somatic cell nuclear transfer embryos by pre-
venting DNA damage induced by oxidative stress. Sci. Rep., 
7(1): 11114.

45. Ellestad, L.E., Saliba, J. and Porter, T.E. (2011) Ontogenic 
characterization of gene expression in the developing neu-
roendocrine system of the chick. Gen. Comp. Endocrinol., 
171(1): 82-93.

46. Chiandetti, C. (2017) Manipulation of Strength of Cerebral 
Lateralization via Embryonic Light Stimulation in Birds. 
Humana Press, New York. p611-631.

47. Villamizar, N., Vera, L.M., Foulkes, N.S. and Sánchez-
Vázquez, F.J. (2014). Effect of lighting conditions on 
zebrafish growth and development. Zebrafish, 11(2): 
173-181.

********


