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ABSTRACT: Quail (Coturnix coturnix Japonica) is one of the commercial poultry that is being developed and
produced more frequently. Various lighting programs (pre-hatching) on Aves have been carried out to provide
an increased biological response, including growth, reproduction, and productivity. The addition of light or the
lighting program is also a factor in the growth of Aves which directly plays a role in controlling various
physiological processes. The purpose of this study was to review embryogenesis development of the Quail
ovary under various lighting conditions. A literature search was carried out systematically through the
PubMed, NCBI, and Google Scholar databases using keywords, namely, "embryogenesis development, ovary,
quail light color, and lighting”. The articles obtained were selected based on these keywords by setting
several inclusion criteria. Papers that do not meet the inclusion criteria are eliminated, and articles that meet
the criteria will be analyzed to obtain data. Based on the search results in the databases using predetermined
keywords, 500 articles were obtained. All articles were selected based on inclusion criteria and exclusion and
obtained as many as 35 articles that met the inclusion criteria. From the results of the research, it can be
concluded that giving variations in the colour of lighting for 16 hours affects the development of quail ovaries.
Because of the significant effect of lighting and its colour on embryo development, pre-hatch lighting
programs should be considered in future studies.
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INTRODUCTION

Quail (Coturnix coturnix Japonica) is one of the poultry species that is being developed and increased in commercial
production. Apart from meat, quails are egg producers with high productivity, producing between 200 and 300 eggs per
head per year (Akarikiya, 2021). The nutritional value of quail eggs is not inferior to other poultry, such as hens (Wilson,
2017). One of the new approaches in this field is providing a lighting program in quail farms. Various lighting programs on
Aves have been carried out to increase biological response such as growth, reproduction, and productivity (Yameen et al.,
2020; Gharaoghlan et al., 2022).

The age of sexual maturity in female quails is characterised by the first time they lay eggs, while for males it is
characterised by the start of crowing with a distinctive sound. Quails first lay eggs between 35-72 days old with an
average age of 41. This was also expressed by another research which showed that quails reach sexual maturity on
average at the age of six weeks, but it is also found that they are older than that age (El-Sayed et al., 2022; Wiradimadja
et al., 2007). This situation caused by health factors, management, and food also affects sexual maturity. Other factors
that have an impact are genetics, lighting, and body weight. The growth of Aves, which is directly responsible for
controlling various physiological processes, is also influenced by the addition of light or the lighting program (Drozdova et
al., 2021; Franco et al., 2022).

Several studies demonstrated that exposing fertile eggs to light can increase the growth of the embryo and decrease
the incubation period. Post-hatch artificial lighting is an important management method for the growth and muscle
development of meat-type birds. Embryo exposure to light leads to changes in metabolic rate, such as an increase in
embryo metabolic rate in the pigeon (Columba livia domestica) light compared with darkness. Furthermore, exposure to
light increased the heart rate of embryos. Providing light during broiler egg incubation affects production, health, and
exhibits the potential to reduce the stress associated with growth and production. Archer G in 2017 reported that
providing light for 12 h/day during egg incubation reduced susceptibility to the stress of broilers post-hatch (Abdulateef et
al., 2021). The physiological mechanism of light stimulating embryonic growth and development differs before and after
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the formation and maturation of the retinal photoreceptor. The hypothalamic pacemaker and pineal gland are the main
parts of the circadian avian system. Embryonic cell proliferation increases with high light intensity. Experimental work in
domesticated species of birds showed that light accelerates embryonic development by increasing metabolic activity and
increased embryonic development, pineal gland formation, and modifies melatonin synthesis (Yalcin et al., 2022).

Low light intensity (e.g. 10 Ix) can entrain embryonic starlings Sturnus valgus to show a light-dark rhythm mediated
by high melatonin hormone concentrations in darkness and low levels during light exposure, which is a universal feature
of embryonic organisms. The research demonstrated that chicken embryos exposed to light for as little as 1 h decrease
melatonin production and affects embryonic development (Kankova et al., 2022).

The light energy that comes from artificial light with a light source will produce light with a single wavelength
frequency that is directly related to the color of the light. Each color will have a different effect on behavior, growth, and
reproduction (Xie et al., 2008). Another research showed that quail in relation to the color of light showed that blue light
causes quails to calm down thereby stimulating growth and reducing the stress response, further, red light can reduce
cannibalism, stimulate the growth of wing feathers, and stimulate sexual maturity, furthermore, green light stimulate
muscle growth in adolescence and increase antibody production (Abeysinghe, 2019). In addition, the red color also causes
quail to be more aggressive in pecking feed. The purpose of this study was to analysis of embryogenesis development of
the quail ovary given different lighting color.

METHODS

A literature search was carried out systematically through the PubMed, NCBI, Google Scholar databases using keywords,
namely “Development of Embryogenesis, Ovary, Quail (Coturnix coturnix Japonica) Light Color, and Lighting”. Based on
these keywords, the articles obtained were first selected by setting several inclusion criteria including journals are not
paid / free articles, research results focus on “Development of Embryogenesis, Ovary, Quail (Coturnix coturnix Japonica)
Light Color, and Lighting.” Articles that do not meet the inclusion criteria are eliminated and articles that meet the criteria
will be analyzed to obtain data.
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Figure 1 - Flow diagram of search strategy
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RESULTS

Based on the search results in the PubMed, NCBI, Google Scholar databases using predetermined keywords, 500 articles
were obtained for the development of embryogenesis, ovary, quail (Coturnix coturnix Japonica) light color, lighting. All
articles were re-selected based on inclusion criteria and exclusion and obtained as many as 35 articles that meet the
inclusion criteria. Figure 1 explains the structure of the ovary based on the treatment group, namely, the control group (K),
clear lighting (1), red lighting (1) blue lighting (lll), yellow lighting (IV). In the 2 treatment group (blue lighting) the quail
ovarian structure was better than the 3 treatment group. In Table 1, the ovarian weight of the quail was obtained; the
treatment group 2 obtained a better ovarian weight compared to the three treatment groups.

Figure 1 - The structure of the quail ovary in the control group (K). clear lighting (1), red lighting (Il) blue lighting (lll), yellow
lighting (IV). 1 primary follicle, 2 secondary follicles, 3 tertiary follicles, 4 Graff follicles ( ).

Table 1 - Weight of quail ovaries given 16 hours of light color variations at 6 weeks of age.

Group Mean + SEM
Control 0.06  0.02a
| 0.12 £ 0.052b
1l 3.46 £ 2.71°
][] 0.26 + 0.0632kd
1\ 0.15 + 0.03abde

Different letters indicate significant differences at P<0.05. I= clear lighting, lI=red lighting, lll=blue lighting, IV=yellow lighting.

DISCUSSION

The light received by the eye will be brought to extraretinal receptors in the hypothalamus (Mishra et al., 2018). These
nerve impulses are transmitted to the hypothalamic suprachiasmatic nucleus via the retinohypothalamic fibres, then
proceed to the hypothalamic paraventricular nucleus. Impulses will be forwarded to the spinal cord and pass through the
adrenergic preganglionic fibres of the sympathetic nervous system. Through the sympathetic nerves, impulses will reach
the pineal gland (the centre of biological clock regulation). This causes the release of norepinephrine (NE) so that through
the AMP cycle it will increase the production of tryptophan hydroxylase which plays a role in serotonin synthesis. Serotonin
has no direct effect on the reproductive process (Gu et al., 2022).

Serotonin is a building block for melatonin. In dark conditions the activity of Hydroxyindole-O-methyltransferase
(HIOMT) increases resulting in the conversion of serotonin to melatonin. However, in bright conditions, melatonin
decreases so that it can release the Gonadotropin-releasing hormone (GnRH) from the hypothalamus. Stimulation of the
hypothalamus can lead to the development of the reproductive system of quails, which will stimulate the acceleration of
sexual maturity marked by the development of follicles. Based on the observation of the macroscopic appearance of quail
ovaries, shows that ovarian development in the control group is less than optimal. This can be seen from the weight of the
ovaries which has the lowest average compared to the other groups. Lack of light causes stimulation of the release of
GnRH from the hypothalamus to experience obstacles. An obstructed hypothalamus will find it difficult to stimulate
reproductive hormones, such as Follicle-stimulating hormone (FSH) and Luteinizing hormone (LH). As research said that
the lack of light signals causes GnRH to be unable to secrete FSH and LH. Low light causes the HIOMT enzyme to convert
serotonin into melatonin. Because low light causes high melatonin, thereby inhibiting the release of the GhRH hormone.
This is what causes the development of quail ovaries to be less than optimal (Sharokhyan Rezaee et al., 2022).

One of the researcher reported that if a lighting program of 12 hours of light/a day has no effect on accelerating the
maturation of quail ovarian follicles, that would be due to the ovarian follicles not yet developed (Stein, 1974). Then,
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another research added that when quail were given a short period (8 hours of light and 16 hours of darkness) and then
maintained normal (12 hours of light and 12 hours of darkness), the concentration of LH in their blood plasma did not
change so that giving light for 12 hours was not effective in increasing the concentration of LH in quail (Follett et al.,
1977). Quail ovaries in group | that used clear color lighting showed that the ovaries had formed grape-like protrusions.

However, the development of the ovary has not yet reached the Graff follicle, it is still only a hierarchy of follicles.
This is almost the same as the control group. However, what distinguishes it is the provision of light, which is for 16 hours.
As stated by another researcher which said that providing light for 16 hours/day can provide better productivity and
performance than providing light for 12 hours/day (Vanderzwalmen et al., 2003). Based on the observation of the
macroscopic appearance of the quail ovaries, it shows that the red color has the most optimal ovarian development
compared to the other groups. In addition, red light has the longest wavelength compared to the others, so it has a strong
intensity to affect the hypothalamus.

The retina of quails is very sensitive to red lighting. Before receiving red light from the retinal photoreceptors, it must
first pass through the ocular media, namely the cornea, aqueous humour, lens, and vitreous humour, so that light is not
directly transmitted to the hypothalamus. However, it will go through a series of reactions from light energy to be
converted into electrochemical signals (phototransduction). These electrochemical impulses are then sent to the
hypothalamus. This statement was reinforced when stated that the red light (700 nm) received by quails will stimulate the
hypothalamus to secrete GnRH, which in the next stage the presence of GhRH will stimulate the secretion of reproductive
hormones, such as FSH, LH, estrogen, and progesterone which in turn will stimulate egg production and increase fertility
(Akyluz and Onbasilar, 2018). In accordance with what was stated by Onagbesan and Peddie (1988) and Asem et al.,
(1985) the presence of GnRH will be responded to by the pituitary to secrete FSH and LH (Asem et al., 1985; Onagbesan
and Peddie, 1988). The flow of FSH received by the ovary causes the ovary follicles to grow and develop.

Increased development of quail ovaries that get red light requires sufficient energy as a result, quail consume more
feed. Lewis et al. (2001) also suggested that the entry of light information into the pineal gland will stimulate the
synthesis, release, and metabolism of dopamine (Lewis et al., 2001). The presence of dopamine causes birds to become
more active and easily stimulated. Various daily activities require energy both obtained from feed nutrients and from
energy reserves stored in the body. Whereas in group Il (lighting with blue light), the development of quail ovaries had
better development than in the control group, the group |, and group IV. This happens because lighting blue lights makes
quail calmer and controlled feed intake. As an argue which stated giving blue to birds can cause birds to become calmer
(Akyliz and Onbasilar, 2018).

In addition, Mardiati stated that blue light which has a short wavelength (450 nm) is able to penetrate directly and
be absorbed by the skull bones and cranial tissue which are then received by extraretinal photoreceptors. This causes
sexual maturity to turn blue faster than the control group, | and IV. Foster and Soni (1998) and Daghir (2008) stated that
extraretinal photoreceptors in the Aves are scattered in the basal part of the brain, lateral septum, hypothalamus (deep
brain), intracranial pineal organ, and cerebrospinal fluid connected to neurons. Photoreceptors are nerve cells that are
specialized to receive light signals and transduce these light signals into electrochemical signals. Brain tissue is
permeable to light and light absorbed by brain tissue will be filtered back by neural tissue, but most of the light with short
wavelengths such as blue light will still be able to penetrate the base of the brain. The light signal received by the
hypothalamus will stimulate the release of GnRH.

The development of the ovary in blue light occurs through a process proposed by Lewis, and Moris that the Aves
hypothalamus is very sensitive to blue light (Akyiiz and Onbasgilar, 2018). A blue light will also be received by a quarter of
the total number of rod cells in the retina of the avian eye (Lewis and Morris, 2000). The blue light signal received by the
rod cells will be directly received by the hypothalamus via the optic fibres. The blue color of the development of the
ovaries is not as good as the red color because the red color can be received by the cone cells in Aves, while the blue color
cannot be received by the cone cells. As for the yellow light color, in group IV the development of the quail ovarian follicles
did not reach the mature follicles. In this group have follicles that begin to develop. This is because the yellow color causes
the quail to consume food not as aggressively as the group using red light. This statement is reinforced by the opinion of
North and Bell in Madzingira who said that the yellow color can reduce the aggressiveness of quail towards feed, so that
the development of the ovaries will decrease (Madzingira, 2018). This statement is reinforced by the research in 1992
which concluded that increasing feed restrictions will result in more pressure on egg production, which is caused by the
low energy consumption required for egg production (Olawuni et al., 1992).

The low energy consumption found in group IV makes it difficult for light to stimulate the hypothalamus to secrete
GnRH. The difficulty of stimulating the hypothalamus against GhRH causes reproductive hormones, especially FSH and
LH, to be unable to be stimulated. This is what causes quail ovaries to not develop properly. As stated by Olanrewaju et al.
(2006) states that the speed of cooking quail genitals requires an adequate source of energy from feed intake.

CONCLUSION

From the results of research conducted, it can be concluded that giving variations in the color of lighting for 16 hours
affects the development of quail (Coturnix coturnix Japonica) ovaries. Pre-hatch lighting program should be considered in
future studies.
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