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Abstract: Artificial lighting plays a crucial role in regulating the maturation of the repro-
ductive system of birds during puberty and thus affects their reproductive capacity. The 
aim of this study was to investigate the morphometric effects of the use of different 
coloured light-emitting diodes (LEDs) on the gonads of male and female Japanese quail 
(Coturnix coturnix japonica). The experimental groups were also examined with regard 
to egg count, weight, fertility and hatchability. A total of 240 quails of mixed sex were 
subjected to three different light colours, namely white, green and blue LEDs. The ana-
tomical condition of the birds was examined at 42 days of age. To evaluate the potential 
effects of the different light colours on the number and weight of eggs, a cohort of 12 fe-
male and 3 male quails from each group were observed for an additional 30 days under 
identical experimental conditions and light exposures. An assessment was conducted 
to determine the differences in the number and weight of eggs between the different 
groups as a function of the number of days. The use of LED lights in different colours 
had no significant effect on the development of the testes in males and the ovaries in fe-
males. Between days 42 and 72 of the experiment, there were no discernible differences 
in the egg quantities of the quails, reared under different light colours. However, the eggs 
in the blue light group had a higher weight than those in the white light group. Ultimately, 
the use of white, green and blue LED lamps for photostimulation had no discernible ef-
fect on the growth of testes and ovaries, with the exception of egg weight.  
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Introduction 

Lighting significantly influences poultry performance and 
exercise levels (1), affecting metabolic functions like feed-
ing, digestion, and various physiological and behavioural 
processes. Birds perceive light through brain regions such 
as the pineal gland, pituitary gland, hypothalamus, and 
retina (2). Extra-retinal photoreceptors in these areas play 
a crucial role in regulating diverse biological processes in 
domestic poultry, including circadian rhythms, annual cy-
cles, breeding behaviour, and the release of reproductive 
hormones (3, 4).

Research has investigated the effects of different light 
durations and intensities on the laying hens' reproductive 
processes, growth, sexual maturation, and reproductive 

performance (5–7). However, there are few studies on the 
effects of light wavelengths on Japanese quails. The wave-
length of light affects the sensitivity of birds', which are the 
most sensitive at a wavelength of 562 nm within the 315-
750 nm range. For broilers, blue (400–480 nm) and green 
(545–575 nm) light stimulates growth. Green light pro-
motes early growth; changing light conditions further ac-
celerate growth (8, 9). Green-to-blue or green-to-green-blue 
lighting enhances meat quality, body, and muscle growth 
during female broiler rearing (10). Yet, green light expo-
sure during embryogenesis alters weight gain and breast 
muscle size in male broilers without affecting meat qual-
ity or composition (11). Green-to-blue and blue-to-green 
light exchanges increase broiler growth and productivity 
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(12). Monochromatic green light during incubation stages 
enhances muscle growth by augmenting satellite cell quan-
tity and diversity (13). A combination of red and green light 
might mimic the effects of monochromatic red light on in-
creasing egg production in laying hens (14). 

Studies in laying hens suggest different types of light-emit-
ting diode (LED) light affect the gorwth (14, 15) and repro-
duction of the animals (16). However, the effects of differ-
ent LED types on the reproductive development of quails 
before and after puberty have only been studied to a limited 
extent. The aim of this study was to investigate the effects 
of different light sources on morphometric measurements 
of testes, the number of pre-ovulatory follicles, and the num-
ber, weight, fertility, and hatchability of eggs in Japanese 
quails. Initially, we investigated the morphometric impact of 
different coloured LED lights on the reproductive organs of 
male and female Japanese quail (Coturnix coturnix japon-
ica). Additionally, we observed the number and weight of 
eggs in the experimental groups under identical conditions 
to understand their effects on eggs and fertility..

Material and methods 

Birds, Bird Facilities, and Experimental Design

The Animal Care and Use Committee of Aydin 
Adnan Menderes University granted ethical approval 
(64583101/2023/28) for the experimental procedures. The 
study took place at the Poultry Research Unit in Turkey, 
where 240 mixed-sex Japanese quail (Coturnix coturnix ja-
ponica) were housed in a masonry shed divided into three 
light-isolated rooms over a 10-week period. The initial tem-
perature was 33 °C, gradually reducing by 3 °C weekly until 
reaching 23 °C, while maintaining relative humidity between 
50 and 60%.

The quail chicks were kept in chick rearing cages with a size 
of 90 cm (width) x 45 cm (depth) x 25 cm (height), and in the 
same position, number of feeders and drinkers throughout 
the experiment. Different 9 W LED bulbs (CT-4277 CATA, 
Turkey) were tested in the rooms, emitting blue (480 nm), 
green (560 nm), and white light (400–770 nm) at an inten-
sity of 20 lx, positioned above the cages. The photoperi-
od was set at 24 hours of light and 0 hours of darkness 
(24L:0D) throughout the experiment. 

Experimental Procedure

These chicks were divided into three groups of 80 quails 
each—48 males and 32 females—exposed to three differ-
ent LED light colours (white, green, and blue). On day 42, 
60 quails were randomly selected from the replicates (5 
from each cage, totaling 20 birds per group) and eutha-
nized by decapitation. Male quail testicles (total 36) were 
measured for dimensions and weight, while the quantity of 
follicles was counted in female quails. Photos of each bird 

were taken on millimetric paper and analysed using BSD-
2-licenced Image J software for measurements (Figure 1). 
This aimed to assess the potential long-term effects of vari-
ous light colours on morphometric measurements of tes-
tes and the number of pre-ovulatory follicles. Furthermore, 
within each group, 12 female and 3 male quails (excluding 
those euthanized) were observed for an additional 30 days 
(between 42nd and 72nd day) under the same light treat-
ments and setup. Daily egg counts and weights were re-
corded during this period. Hen Day Egg Production (HDEP) 
has been observed between the 42nd and 72nd day of the tri-
al. Hen day egg production is expressed in percentage (%) 
(Table 1). The fertilization rate of the eggs was calculated 
using the formula: (number of chicks hatched / number of 
eggs placed in the machine) x100. All eggs were incubated 
in the same incubator.

Statistical Analysis

SPSS 21.0 (Statistical Package for the Social Sciences for 
Windows, IBM Corp., Armonk, NY, US) was used to anal-
yse the data. The Shapiro-Wilk test was used to determine 
whether the data were normal. The homogeneity of vari-
ances assumption was confirmed using Levene's test. 
Results from the post hoc Bonferroni test and one-way 
analysis of variance (ANOVA) test were used to determine 
whether the variances were homogeneous. If the variances 
were not homogenous, The Welch test and the post hoc 
Tamhane's T2 test were used. A statistically significant re-
sult was defined as P < 0.05.

Results

No significant effects on the morphometric measurements 
of the testes and the number of pre-ovulatory follicles were 
observed in the three light-colored groups. In the study with 
male quails exposed to white, green and blue light, testic-
ular weight, width and length were measured in different 
light groups (Table 1). Despite these variations in weight, 
width and length measurements within the light spectrum, 
the analysis revealed no statistically significant differences 
in the testicular characteristics of male quails exposed to 
white, green or blue light. Female quails had an average pre-
ovulatory follicle numbers of 3.50 ± 0.93 for white light, 4.63 
± 0.74 for green light, and 4.00 ± 1.31 for blue light across 
the groups, indicating consistency (Figure 1).

Egg counts between the days 42 and 72 under white, green, 
and blue lights are summarized in Table 1, with no notable 
difference among the groups. However, egg weights var-
ied significantly; female quails raised in blue light produced 
heavier eggs compared to those under white light (P = 
0.012) (Table 1). We collected 100 eggs from each group 
between days 62 and 72 and placed them in the incubator 
to check their fertilization scores.
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Table 1: Comparison of testis, egg, and fertilization values taken at different days and intervals between groups

Day 42

Variable
Light-Emitting Diode (LED)

P
n White Green Blue

Testis Weight (mm) 12 3.13 ± 0.80 2.94 ± 0.57 2.75 ± 0.68 0.421

Testis Width (mm) 12 14.70 ± 1.43 14.27 ± 1.53 14.02 ± 1.54 0.541

Testis Length (mm) 12 23.53 ± 2.85 22.99 ± 1.56 22.28 ± 2.02 0.387

Pre-ovulator follicles number 8 3,50 ± 0,93 4,63 ± 0,74 4,00 ± 1,31 0,111

Testis Relative Weight (%) 12 1,39±0,38 1,32±0,37 1,27±0,31 0,739

Day 42-72

Egg weight (g) 12 11. 22 ± 0.49a 11.25 ± 0.70ab 11.61 ± 0.78b 0.012

Average Daily Egg Number 12 10.00 ± 1.87 10.54 ± 1.44 10.25 ± 1.75 0.649

Hen Day Egg Production (%) 12 83,33 ± 3,17 87,85 ± 2,46 85,42 ± 2,98 0,649

Day 62-72

Fertilization 100 %77 %79 %68

Data are expressed as means ± SEM. a, b: Means with different superscript letters in the same column differ (P < 0.05)

Figure 1: Representation of testicles (A) and pre-ovulatory follicles (B) with measurement paper. Black arrow; testis, black star; pre-ovulatory follicle
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Upon evaluating the data, we found that out of 100 eggs in 
the white light group, 77 hatched. Of the remaining 23 eggs, 
8 were early deaths, 6 were late embryonic deaths, and 9 
were infertile eggs. For the green light, 79 chicks hatched 
out of 100 eggs. Of the remaining 21 eggs, 6 were early 
deaths, 7 were late embryonic deaths, and 8 were infertile 
eggs. In the blue light experiment, 68 chicks hatched from 
100 eggs with 19 of the remaining 32 eggs recorded as 
early deaths, 4 as late embryonic deaths, and 9 as infertile 
eggs.

Discussion

The regulation of the hypothalamic-pituitary-gonadal axis 
in avian reproduction is influenced by light, activating reti-
nal and extra-retinal photoreceptors (17). Opsin-containing 
photoreceptive cells, sensitive to diverse wavelengths, are 
the first light perceivers (18). The stimulation intensity of 
different wavelengths affects each photoreceptive cell in-
dividually. Shorter wavelengths like blue (400–500 nm) and 
green (500–600 nm) not only stimulate the retinal photore-
ceptors more strongly, but also suppress the reproductive 
axis, which affects the growth and behavior of birds (4, 17). 
Red light, with greater transcranial penetration (600–700 
nm), primarily stimulates extra-retinal photoreceptors (4). 
However, the physiological effects of these wavelengths 
seem to vary across bird species. For instance, studies on 
broiler chickens show that blue and green light promotes 
growth (9), while red light enhances egg production in lay-
ing hens (14). In quails, exposure to green and red light ap-
pears to be beneficial for both female and male gonadal 
cycles (19).

Our study found no impact on the testicular weights and 
sizes of male quails from various light wavelengths (white, 
green, and blue) over 42 days. Similar findings were ob-
served in Rete et al. (2017), where testicular weight on days 
35 and 47 remained unaffected by white, green, or blue light 
exposure (20). However, on the day 57, quails raised in white 
light exhibited greater testicular weight than quails reared 
under blue and green light. This difference could be related 
to the presence of red wavelengths in white LED light, de-
pending on the duration of exposure. Additionally, the de-
velopment of the cloacal gland may have been affected, as 
another study found that there appears to be a significant 
relationship between testicular weight and cloacal gland 
size (21).

The number of ovaries in female quails was not affected by 
light of different colours in this study, which is comparable 
to the study of Almedia et al. (2015), in which the effects of 
different wavelengths (red, white, blue, green, and yellow) 
on the female reproductive system in Japanese quails were 
evaluated for 49 days (22). Ahmad et al. (2023) found no dif-
ference in the number of ovaries between white, blue, and 
green lights after 8 weeks (23), while Bobadilla-Mendez et 
al. (2016) found the most favourable results with white LED 

light at the 8th week (24). Studies like Rogers et al. (2015) 
demonstrated the effect of white LED light on the body 
weight of quails during the growth phase (25). However, it 
is known that quails exhibit limited efficiency in responding 
to blue and green light (26). These differences in the ability 
of the light sources to influence the sexual maturity of the 
poultry and the onset of the laying cycle probably explain 
these observations (27).

The evaluation of egg weights collected daily for four weeks, 
starting on the day 42 of the experiment, showed that quails 
reared with blue light produced heavier eggs compared to 
those reared with white light. Su et al. (2021) compared the 
weight of duck eggs exposed to different lighting regimes, 
where hens exposed to white and red light laid smaller 
eggs than Brown Tsaiya ducks exposed to blue light (28). 
Hassan et al. (2013) reported that eggs laid under red and 
white light weighed similarly but were lighter than those laid 
under blue light (14). In contrast, Ahmad et al. (2023) found 
no notable variation in Japanese quail egg weight between 
white, blue, and green light treatments (23). However, our 
results suggest that stimulation with white light resulted in 
lighter eggs than stimulation with blue light.

Conclusion

The different light wavelengths had no effect on the go-
nads of the Japanese quail during the 42-day experiment. 
However, egg weight in the following four weeks was signif-
icantly affected by exposure to blue light. Longer-term and 
more comprehensive studies, including histopathologic 
examination of the reproductive organs and assessments 
of reproductive hormones, are needed to better understand 
the effects of different light wavelengths on reproductive 
activity.
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Vpliv barve led-svetlobe in gostote živali na nekatere hematološke 
parametre in oksidativni stres pri japonskih prepelicah 

I. G. Yildirim, E. K. Yildirim, F. T. Yavas   

Izvleček: Študija je ocenjevala učinke barve svetlobe svetlečih diod (LED) in gostote naselitve na hematološke parame-
tre, oksidativno presnovo in težo organov prepelic. Več ključnih dejavnikov upravljanja, ki vplivajo na dobro počutje bro-
jlerjev, vključuje barvo svetlobe in gostoto naselitve. Zato je bil namen te študije ugotoviti učinek različnih barv svetlobe 
in gostote naselitve na hematološke parametre in parametre oksidativnega stresa pri japonskih prepelicah. V ta namen 
so bile pri prepelicah, ki so bile izpostavljene različnim barvam svetlobe in gostoti naselitve, izmerjene ravni malondialde-
hida (MDA), superoksid dismutaze (SOD), katalaze (CAT) in glutationa (GSH) z uporabo komercialno dostopnih komple-
tov ELISA. V študiji je bilo 720 enodnevnih japonskih prepelic (Coturnix coturnix japonica) naključno razvrščenih v eno 
od šestih obravnav, vsaka s štirimi dvojniki po 30 ptic. Poskus je bil zasnovan kot faktorska razporeditev obdelav 3 x 2 s 
tremi barvami LED-svetlobe (bela, modra in zelena) in dvema gostotama naselitve (nizka = 200 cm2/ptico; visoka = 100 
cm2/ptico). Pri starosti 42 dni je bilo naključno izbranih 20 prepelic iz vsake skupine za analizo nekaterih hematoloških 
parametrov. Glede na dobljene rezultate je bilo razmerje med heterofilci in limfociti (H/L) znatno višje pri prepelicah, iz-
postavljenih beli LED-svetlobi, vendar vpliv gostote naselitve na razmerje H/L ni bil značilen. Na indikator oksidativnega 
stresa MDA barva svetlobe ni vplivala, je pa visoka gostota naselitve drastično zmanjšala aktivnosti CAT in GSH v jetrih. 
Teža srca je bila manjša pri prepelicah, ki so bile izpostavljene modri LED-svetlobi. Gostota naselitve ni vplivala na maso 
srca in jeter. Zaključimo lahko, da bela LED-svetloba sicer poveča razmerje H/L in stresne razmere, vendar ne vpliva na 
kazalnike oksidativnega stresa. Te ugotovitve so poudarile potrebo po določitvi optimalnih barv LED-svetlobe za prepe-
lice v komercialnih proizvodnih okoljih, da bi povečali dobrobit jate. Za razumevanje učinkov in iskanje najboljše barve 
LED-svetlobe za prepelice pri različnih gostotah naselitve je potrebnih več raziskav. 

Ključne besede: prepelice, LED-svetloba, razmerje med heterofilci in limfociti, oksidativni stres, gostota naselitve




