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Abstract: Light colors are important environmental factors affecting growth and repro-
ductive performance of Japanese Quails. In the current study, a total number of 1060 of 
Japanese quail chicks were used to assess the effect of white, red, and green light color 
on body weight, age of sexual maturity, laying parameters as well as responses of repro-
ductive organs. Results revealed that Japanese quails reared under red color light had 
higher (P<0.05) body weight at five weeks of age, relative growth rate (RGR), the first 42 
days of egg production, relative ovaries and testicle weights, sperm motility and fertility 
and hatchability percentages (243.28 g, 184.50 %, 79.76 %, 4.33 %, 4.05 %, 90.50 %, 
83.47 % and 83.47 %; respectively) than those raised under green and white light colors. 
Also, quails subjected to red color light during growth reached sexual maturity earlier 
(39.34 d) than birds subjected to white and green light colors (44.87 and 48.45 d). We 
conclude that using red light color during the period of growth and laying in Japanese 
quails improves growth and reproduction performances. 
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Introduction 

Light is an environmental factor affecting 

quail production, light stimuli vary by intensity, 

wavelength, duration and color, all of which ag-

gregate to influence the physiological, produc-

tion, reproduction as well as behavioral param-

eters of the birds (1). Poultry have retinal photo-

receptors that are responsible for vision, while 

the non-visual photoreceptors (extra-retinal) are 

responsible for detecting photoperiod and adapt-

ing their physiology to the environment (2). 

Light stimulates directly the GnRH pathway 

that increases the amount of gonadotropins, 

which enhancing the ovarian development. Sim-

ultaneously, the increase in day length decreases 

the amount of melatonin and GnRH, and remov-

ing the inhibition on the stimulatory axis. In-

creased photoperiod enhances the sexual ma-

turity of chicks due to induction of gonadotropin 

and sex steroids secretion with subsequent in-

crement in production (3). 

Interestingly, light color and its wavelength 

represent important factors that judge the per-

formance of birds. It has been concluded that the 

red light diminishes cannibalism and feather 

pecking; blue light has a calming effect; how-

ever, orange-red and blue green color light have 
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enhancing chicken reproduction and growth (4), 

respectively. There were variations among the 

performance parameters of broiler chicks reared 

under various light intensities (5). However, no 

improvement was reported in broiler chicks ex-

posed to various intensities of light, although 

green light color enhanced growth performance 

of such chicks as compared to orange, red and 

yellow light (6). However, Kim et al. (7) found 

that birds performed better when reared under 

red light without affecting feed conversion ratio 

(FCR). 

Hatchability of quail eggs collected from 

birds exposed to green bulbs was higher than 

those subjected to other light treatments (8, 9). 

Meanwhile, quails reared under red and incan-

descent lights had higher body weight than those 

reared under blue and green lights (8). The in-

creased photoperiod to enhance the earlier sex-

ual maturity, which may be altered according to 

the spectral output, Japanese quails exposed to 

red light reached to sexual maturity two weeks 

earlier than those exposed to blue or green light 

(8). Hens reared under red light laid eggs signif-

icantly earlier than those under incandescent 

light and blue light. The mean age at first egg of 

chicken pullets in red light was earlier by two to 

eleven days compared to pullets in all other light 

treatments (6). Similarly, laying hens main-

tained under red and white lights had early sex-

ual maturity than hens maintained under green 

light (10). Moreover, light color affects egg 

numbers of laying hens (7, 10, and 11). This 

study aimed to investigate effects of light color 

on growth and reproduction parameters of Japa-

nese quails. 

Material and methods 

Experimental design and birds management 

This study was performed using 1060 one 

day old Japanese quail chicks using rearing 

pens at the Department of Animal Husbandry 

and Animal Wealth Development, Faculty of 

Veterinary Medicine, Alexandria University, 

Egypt. Chicks were randomly distributed into 

three light treatments (white light n=426, red 

light n=320 and green light n=315). Pens were 

cleaned, disinfected and fumigated using for-

maldehyde gas. The chicks were brooded at a 

temperature of 35˚C using automatic gas heat-

ers as a source of heat and illumination. Tem-

perature was gradually reduced 3˚C weekly till 

reach room temperature 24 ˚C at the fifth week 

of rearing. Birds were placed in environmen-

tally controlled lightproof rooms separated 

from each other by a wooden chip board. At the 

fifth week, Japanese quails were moved to wire 

cages and grouped to sire families. Each family 

consisted of one male and three females (1:3 

sex ratios) according to Karousa et al. (12). Cages 

were separated by lightproof plastic sheets to 

prevent transmittance of light. Additionally, all 

windows were blacked out by light proof plastic 

sheets. 

Birds were fed add-libitum commercial 

starter diets containing 22% crude protein and 

3100 kcal/kg of metabolizable energy meeting 

(13) requirements. While at the laying period, 

laying diet had calcium content of 3.5%; the 

birds also had free access to water. Animals 

were exposed to 24 h lighting during the brood-

ing and growing periods. At laying period, the 

duration of light was adjusted by using a timer 

to 16 hours light and 8 hours darkness (16 L: 8 

D). All light sources were equalized to 9W. The 

following light treatment regimens were used. 

Treatment 1 (White light): A total number of 

426 Japanese quail chicks were reared in sepa-

rate pens under white LED light (W) with 

wavelength 380 to 770 nm from hatching till 

five weeks; the birds were then moved to laying 

batteries containing 20 sire families illuminated 

with the same light. Treatment 2 (Red light): 

320 Japanese quail chicks were reared in a sep-

arate pen illuminated with red LED bulbs (R) 

with wavelength 618 to 635 nm. At the fifth 

week, Japanese quails were moved to separate 

battery containing 28 sire families illuminated 

with same light. Treatment 2 (Green light): 314 

Japanese quail chicks were reared in a pen illu-

minated green LED bulbs (G) with wavelength 

515 to 535 nm. At the fifth week, Japanese 

quails were moved into laying batteries (14 sire 

families illuminated with same light). Bird eggs 

were collected from each treatment (white, red 

and green) daily and stored for 7 days then dis-

infected and incubated in previously cleaned 

and fumigated incubators by spraying TH4® (2 
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ml/liter water) to assess the effect of continuous 

use of different light colors on hatching perfor-

mance (hatchability and fertility percentages) 

of Japanese quail eggs. 

Hatching performance 

Fertility % =  (Number of fertile eggs/ Total 

number of eggs set) × 100          

Hatchability of the total eggs% = (Number 

of hatched chicks/ Total number of eggs set) × 

100 

Hatchability of fertile eggs % = (Number of 

hatched chicks/ Number of fertile eggs set) × 

100          

Growth and reproductive performance 

Birds were weighed at hatch and every week 

till five weeks of age to the nearest gram using 

digital scale with accuracy 0.001g (WANT®), 

and then the differences between two succes-

sive weights were calculated to estimate the rel-

ative growth rate according to Brody (14). 

Relative growth rate = (W2 – W1)/ 0.5 

(W1+W2)  × 100, Where:  W1= is the weight at 

any week and W2= is the weight at next week. 

Age of sexual maturity (age at the first egg) was 

expressed in days from hatching day till the day 

of the first egg of the quail hens. Egg production 

was recorded for each sire family of quails for 

the first 42 days after complete sexual maturity 

(15) with the estimation of hen day egg produc-

tion (HDEP) for the same period. 

HDEP%= (Total of eggs produced/ Number 

of live hens) × 100 

Male and female reproduction organs 

A random sample of three males and three 

females per treatment were selected at 98 days 

of age and weighed then slaughtered and dis-

sected for removal of testes and ovaries. The 

right and left testes were immediately weighed 

to calculate the gonadosomatic index (GI = tes-

tes weight /body weight x 100).  

Semen was also collected from vas deferens 

immediately after slaughtering of males.  

Sperm motility was then evaluated by two 

trained evaluators in samples placed on glass 

slides (37 °C) at 400x magnifications. Sperm 

motility was expressed as the percentage of mo-

bile cells. The ovary was immediately weighed 

and relative weight to live body weight (ovary 

weight / body weight ×100) was calculated. 

Statistical analysis 

Data of body weight, weight gain and rela-

tive growth rate were analyzed by general linear 

model (GLM) procedure using SAS (16) ac-

cording to the following model: Xijk= µ + Ti + 

Sj + Di*j+ eijk ; µ= population mean, Ti= treat-

ment effect (dark, green and red light), Sj= sex 

effect (M= male and F= female), Di*j = the in-

teraction between treatment and sex, eijk= ran-

dom errors, 

Data of hatchability, fertility, egg quality pa-

rameters, egg production, age at sexual ma-

turity and reproductive organ parameters were 

analyzed by analysis of variance (ANOVA) us-

ing SAS (16) and the significance between dif-

ferent treatment groups were assessed using 

Duncan’s test. Prior to analysis, percentages of 

embryonic mortality were arcsine transformed 

to corresponding value according to Snedecor 

and Cochran (17).  

Reults and discussion 

Effect of light color on Growth 

The effects of different light colors on body 

weight of Japanese quails from hatch day till 

five weeks of age were showed in Table 1. The 

overall hatch weight was not significantly dif-

ferent between treatment groups. Similarly, this 

parameter did not differ between the sexes in 

each group. During the first week, the overall 

body weight in red light treated birds (55.25 g) 

was significantly higher than green and white 

light groups (49.92 and 30.62 g, respectively). 

Birds reared under red light also had signifi-

cantly higher overall body weight at the 2nd, 3rd, 

4th and 5th week of age (101.61, 160.26, 202.38 

and 243.28 g, respectively) than those reared 

under green and white lights. Females reared 

under red and white colors recorded signifi-

cantly higher body weight than males at the 2nd, 

3rd, 4th and 5th week of age. In contrast, gender 

effect was not apparent for green light until 5th 

week of age. 
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Table 1: LS Means ± SE of body weight for Japanese quails subjected to different treatments of light color 

Light  

Group 

Sex Body weight (g) 

Hatch W1 W2 W3 W4 W5 

White 
F a9.35±0.06 a31.25±1.27 a75.62±0.61 a120.00±0.89 a179.41±1.14 a221.85±1.32 

M a9.29±0.09 a29.98±1.86 b73.38±0.90 b114.48±1.30 b170.64±1.67 b206.41±1.93 

Overall A9.32±0.05 C30.62±1.12 C74.50±0.54 C117.24±0.79 B175.02±1.01 C214.13±1.17 

Green 
F a9.77±0.11 a50.04±2.30 a92.23±1.11 a154.28±1.61 a7206.45±2.0 a246.18±2.39 

M a9.63±0.10 a49.81±2.19 a91.23±1.06 a150.80±1.53 a201.18±1.97 b222.89±2.28 

Overall A9.70±0.08 B49.92±1.59 B91.73±0.77 B152.54±1.11 A203.82±1.43 B234.54±1.65 

Red 
F a9.48±0.12 a57.06±2.47 a104.46±1.19 a164.78±1.73 a208.43±2.22 a6263.19±2.5 

M a9.53±0.12 a53.44±2.54 b98.76±1.23 b155.75±1.78 b196.33±2.29 b223.39±2.64 

Overall A9.50±0.08 A55.25±1.77 A101.61±0.85 A160.26±1.24 A202.38±1.60 A243.28±1.89 

Overall means carrying different capital letters within the same column are significantly different (P < 0.05) 

Means carrying different small letters within group within same column are significantly different (P < 0.05) 

F= Female, M= Male, W= Week, LS Mean = least square mean                  

 

 

 

Table 2: LS Means ± SE of relative growth rates for Japanese quails subjected to different treatments of 

light color 

Light 

Group 
Sex 

Relative growth rate (%) 

R1 R2 R3 R4 R5 R6 

White 
F a107.29±0.50 a82.83±0.73 a45.49±0.46 a39.70±0.35 a21.18±0.41 a183.70±0.12 

M b104.80±0.74 a84.06±1.07 b43.69±0.67 a42±0.5239. b19.14±0.60 b182.71±0.18 

Overall C06.04±0.45   A83.45±0.65 B44.59±0.41 A39.56±0.31 A20.16±0.36 B183.21±0.11 

Green 
F a129.13±0.91 a59.17±1.31 a50.44±0.83 a29.04±0.64 a17.70±0.74 a183.24±0.21 

M a131.37±0.87 a58.75±1.26 a49.26±0.80 a28.76±0.61 b.19±0.7110 b181.73±0.21 

Overall B130.25±0.63 B58.96±0.91 A49.85±0.57 B28.90±0.44 B13.94±0.51 C182.48±0.15 

Red 
F a139.65±0.98 a59.00±1.42 a44.89±0.90 a23.41±0.69 a23.85±0.80 a185.72±0.23 

M a137.26±1.01 a59.64±1.46 a44.87±0.92 a23.13±0.71 b13.86±0.82 b26±0.24183. 

Overall A138.45±0.70 B59.32±1.02 B44.88±0.64 C23.27±0.49 A18.85±0.57 A184.50±0.17 

Overall means carrying different capital letters within the same column are significantly different (P < 0.05) 

Means carrying different small letters within group within same column are significantly different (P < 0.05) 

F= Female, M= Male, W= Week, LS Mean = least square mean                  

 

 

 

Table 3: Means ± standard errors for sexual maturity of Japanese quails subjected to different treatments 

of light color 

Light Color/Treatment Age at first egg (days) 

White b44.87±0.36 

Green a48.45±0.40 

Red c39.34±0.21 

Means carrying different litters within the same column are significantly different (P<0.05) 
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Table 4: Means ± standard errors for hen day egg production (HDEP %) of Japanese quails subjected to 

different treatments of light color 

Weeks  Treatment 

White Green Red 

Wk1 70.47±4.07a 64.63±2.53a 73.13±1.63a 

Wk2 69.52±3.23b 56.12±2.13c 81.29±1.54a 

Wk3 77.38±2.39a 74.15±1.63ab 79.25±2.42a 

Wk4 61.19±3.13b 60.89±2.70b 79.25±1.38a 

Wk5 78.57±2.43a 66.33±2.42b 80.27±1.92a 

Wk6 80.48±1.54b 74.83±1.69c 85.37±1.27a 

Total 72.94±1.61b 66.16±1.44c 79.76±1.00a 

Means carrying different litters within the same row are significantly different (P<0.05) 

 

Table 5: Means ± SE for egg weight in grams, external and internal egg quality parameters of Japanese 

quail eggs subjected to different treatments of light color 

Parameters  Light treatment 

White Green Red 

Egg weight (g) 14.52 ± 0.16 a 13.72± 0.15 b 13.26 ± 0.29 b 

Egg shape index 78.07 ± 0.40 a 78.19 ± 0.52 a 78.50 ± 0.51 a 

Egg volume 12.34 ± 0.31 a 11.52 ± 0.27 b 11.63 ± 0.53 b 

Yolk+albumen % 78.92 ± 0.50 b 82.99 ± 0.29 a 82.23 ± 0.42 a 

Shell % 21.08 ± 0.98 a 17.01 ± 0.65 b 17.77 ± 0.90 b 

Yolk index 0.46 ± 0.08 c 0.52 ± 0.07 a 0.49 ± 0.09 b 

Haugh unit 93.02±0.72 b 95.44±0.44 a 96.44±0.60 a 

Means carrying different litters within the same row are significantly different (P<0.05) 

 

Table 6: Means ± standard errors for relative ovaries, testes and percentage of sperm motility weight of 

Japanese quails subjected to different treatments of light color for 14 weeks 

Means carrying different litters within the same row are significantly different (P<0.05). 

 

Table 7: Means ± standard errors for fertility, scientific hatchability and commercial hatchability percent-

ages of the first generation of Japanese quail eggs subjected to different treatments of light color 

 

Means carrying different litters within the same column are significantly different (P<0.05). 

Parameters (%) 
Light Color / Treatment 

White Green Red 

Relative Ovaries weight  3.43±0.41a 4.27±0.96a  4.33±0.18a 

Relative testes weight 3.53±0.30 a 3.47±0.24 a 4.05±0.20 a 

Sperm motility  75.00±2.89b 84.33±7.22ab 90.50±1.26a 

Light Color / Treatment 
Fertility (%) 

 

Hatchability (%) 

Fertile eggs  Total eggs  

White 81.17±0.44 b 84.80±0.35 a 77.40±1.25 b 

Green 85.37±0.56 a 86.93±0.91 a 80.53±0.62 a 

Red 90.07±1.13 a 92.53±1.27 a 83.47±0.58 a 
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Figure 1: Means for hen day egg production (HDEP %) of Japanese quails subjected to different treat-

ments of light color 

W= Quails reared under white light from 

G= Quails reared under green light from 

 

Data on relative growth rates of Japanese 

quails subjected to different light colors for five 

weeks are presented in Table 2. Birds reared 

under red light grew at significantly higher rate 

(R6) from zero to five weeks of age (184.50%) 

than those reared under white and green light 

colors (183.21 and 182.48, respectively). 

Moreover, the overall growth rate of females 

was significantly higher than that of males in 

all light treatments. 

These results are similar to those reported by 

others who found that Japanese quails reared 

under red lights had higher body weight than 

those reared under blue and green lights after 

five weeks (8). They speculated this was due to 

higher weight of reproductive organs as testes 

weight of male Japanese quail at five weeks of 

age with red light was double that of green 

light. Similarly, Li et al. (18) and Reddy et al. 

(19) reported growth-stimulating effect of red 

light in laying hens and documented increased 

weights and activity of reproductive organs 

(higher weight of the ovary and oviduct and 

more yellow yolk follicles). In contrast, Baxter 

et al. (10) found that hens reared under Green 

light had significantly higher body weight gain 

than birds under Red and White lights after 23 

weeks of age. The sex effect on body weight of 

Japanese quail was also reported by (20) and 

(21) who found that female weights were sig-

nificantly higher than those of males.  

Age at sexual maturity 

The onset of sexual maturity of Japanese 

quail subjected to different treatments of light 

color, (based on the age at first egg) was pre-

sented in Table 3. Females of Japanese quail 

reared under red light treatment reached sexual 

maturity significantly earlier (39.34 d) than 

those exposed to white light (44.87 d), while 

significantly late sexual maturity was recorded 

by females reared under green light (48.45 d).  

The result agreed with (22) who found that red 

light induced sexual maturity of broiler breeder 

birds 7 and 14 days earlier than green and blue 

light treated respectively. Also, laying hens 

maintained under red and white light had early 

sexual maturity than hens maintained under 

green light. Red light resulted in higher steroid 

and gonadotropin concentrations and higher 

neuropeptide mRNA expression (10). Similar 

results recorded in Japanese quail exposed to 

Red light reached sexual maturity two weeks 

earlier than those exposed to blue or green light 

(8).  

  

50

55

60

65

70

75

80

85

90

Wk1 Wk2 Wk3 Wk4 Wk5 Wk6 Total

%

W

G

R



Growth and reproduction performance of japanese quails (Coturnix coturnix japonica) under various …          125 

 

Egg production 

Table 4 and Figure 1 were illustrated the hen 

day egg production (HDEP %) of Japanese 

quails subjected to different light color treat-

ments for six weeks after complete sexual ma-

turity. There was no difference in HDEP among 

different light treatments during the first week 

of egg production. However, red light treatment 

birds had significantly higher HDEP percent-

age from the 2nd week till the 6th week of egg 

production, followed by white color treated 

group while the lowest HDEP% was recorded 

for green light treated group. The total HDEP 

percentage was significantly higher in red light 

treatments than white and green light treat-

ments where the highest HDEP percentage rec-

orded for red light (79.76%) and the lowest 

HDEP percentage recorded for green light 

(66.16%). These results are similar to those re-

ported by Baxter et al. (10) and Hassan et al. 

(11) who found that red monochromatic light 

improved egg production of the laying hens 

more than blue or green treatments whereas the 

white light had an intermediate effect. Moreo-

ver, Yang et al. (22) reported that highest cu-

mulative egg production values of laying hens 

occurred in the red-light treated birds. The 

same results found in Japanese quails brooded 

and kept for the 16-week production period un-

der red or white light laid significantly more 

eggs than those brooded and kept under green 

or blue light (8). 

The present study revealed that long-wave-

length light (red and white) expedited the age 

of sexual maturation (ASM) and increased 

level of egg production in birds, while short 

wavelength light (green) delayed sexual matu-

ration and reduced egg production. These ob-

servations are similar to those of Mobarkey et 

al. (23), who found that long wavelengths (red 

light) contain more energy so they are able to 

penetrate through the skull and brain tissue and 

stimulate the hypothalamus to produce gonad-

otropin releasing hormone. As such, hypotha-

lamic photoreceptors might be stimulated by 

lower wavelength but high intensity of 

blue/green light (24). As well, it was suggested 

that stimulation of retinal photoreceptors by 

green light might be able to inhibit reproduc-

tion (25); the possible mechanisms for such in-

hibition still unclear; however, contribution of 

serotonin is suggested due to its synthesis in hy-

pothalamus and retina (23). 

Egg quality 

Some external and internal egg quality pa-

rameters of Japanese quails subjected to differ-

ent treatments of light color were presented in 

Table 5. Egg weights of white light treated hens 

were heavier (P<0.05) than those treated with 

green and red light colors (14.52, 13.72 and 

13.26 g, respectively). The same results were 

reported by Er et al. (26), who found that egg 

weight was significantly higher in white and 

green light than Red one. In addition, Hassan et 

al. (11) found higher egg weight under green 

light than that under red light. However, other 

reports found that light color did not affect the 

average egg weight during the laying period (8, 

27). Non-significant differences for egg shape 

index among different light colors. However, 
there were significant differences in egg length 

and width. Also, non-significant difference of 

the egg shape index between light treatments 

was recorded (22). On the other hand, white 

treated hens showed the highest egg volume 

(12.34 cm3) and shell % (21.08%). The results 

agreed with those reported by Pyrzak et al. (28), 

who found shell quality and percent of the shell 

did not affect by red, green and blue light treat-

ments of the White Leghorns laying hens.   

Hens treated with green and red light colors 

produce eggs with higher albumen plus yolk, 

yolk index and Haugh unit (HU) than hens ex-

posed to white light color. The result agreed 

with others who found non-significant differ-

ence in HU between red, green and blue light 

(11, 29), but disagreed with Yang et al. (22), 

who found that HU of the eggs in the white-

light treated group was significantly higher 

than red, green and yellow light. Moreover, 

non-significant differences for yolk and albu-

min percentage among different light colors 

were recorded (30). 
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Male and female reproductive organs 

Relative ovary weight of female Japanese 

quails subjected to different light colors for 14 

weeks were presented in Table 6. Japanese 

quail females reared under red and green light 

recorded higher non-significant (P>0.05) rela-

tive ovary weights (4.33 and 4.27%, respec-

tively) than those reared under white light color 

(3.43%). Moreover, Japanese quail males 

reared under red light had higher non-signifi-

cant relative testicle weights than those reared 

under green and white light colors, in addition 

sperm motility of males subjected to red color 

were significantly higher (P<0.05) than those 

subjected to white color but not significant with 

those exposed to green light color. These re-

sults agreed with Kim et al. (7), who found non-

significant difference in ovary weight at 20 

weeks of age among the different light treat-

ments. Also, Carson et al. (31) and Pyrzak et al. 

(32) found non-significant difference in the rate 

of gonadal maturation in pullets illuminated 

with blue, green, or red monochromatic light 

incandescent light. On the other hand, Hassan 

et al. (11) found that laying chickens exposed 

to red LED light presented heavier ovaries 

compared with those exposed to green and blue 

LED lights. Moreover, Woodard et al. (8) 

found that testes weight of male Japanese quail 

at five weeks of age with red light was double 

that of green light. While, Retes et al. (33) 

found that white and red LED bulbs caused 

higher weights of testes and higher sperm mo-

tility in the quails at 35 days of age.  

Hatching parameters 

Fertility and hatchability percentages of Jap-

anese quail eggs reared under different light 

colors were presented in Table 7. Quails reared 

under red and green light colors had higher 

(P<0.05) fertility and hatchability of the total 

eggs than those reared under white light colors, 

on the other hand, non-significant differences 

for hatchability of fertile eggs were recorded 

between different treated groups. Yang et al. 

(22) reported better fertility percentages for the 

eggs produced in the green-light treated breed-

ers, while higher hatchability was recorded for 

birds reared under white light color. On the 

other hand, Retes et al. (33) found that fertility 

of quail eggs produced in green light treated 

birds higher than white, red and blue LED treat-

ments. While, Non-significant differences for 

hatchability percentages of Japanese quail eggs 

produced in different light colors were recorded 

(8). 
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