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ABSTRACT: The current study aimed to evaluate the effects of exposing pre-mature 

Dandarawi roosters to different light-emitting diode (LED) light colors on testicular 

development, serum testosterone levels, and sperm motility and velocity. Seventy-five 

roosters, 16 weeks old, were assigned to 5 experimental groups each with three 

replicates of five birds per pen. Roosters of each experimental group were subjected to a 

different light color using Nine-watt red, yellow, green, blue and white LED bulbs from 

16 to 36 weeks of age. Twenty-five semen pools were obtained over the last ten weeks 

(5 pools from each treatment) to evaluate sperm motility and velocity. Blood serum was 

collected to evaluate testosterone levels and the testicular growth was assessed. The 

results showed that green light hindered the testicular growth and had adverse effects on 

almost all studied semen traits (P<0.05). Both green and blue light significantly lowered 

circulating testosterone levels compared to other experimental groups (P<0.0001). 

Roosters subjected to red light exhibited significantly higher percentages of total and 

progressive motile spermatozoa, a greater number of spermatozoa per ml, higher values 

of curve linear velocity (VCL), average path velocity (VAP) and straight linear velocity 

(VSL) and finally lower percentages of slow sperm as compared with roosters exposed 

to green, blue and white light. Roosters exposed to yellow light showed comparable 

results of testicular growth, serum testosterone concentrations and percentages of total 

motile, progressive and rapid spermatozoa to those exposed to red light. These results 

indicate that red and yellow light has better effects on reproduction and sperm quality 

than white and blue light, and that green light imposes adverse effects on reproduction 

in Dandarawi roosters.   
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INTRODUCTION 

Light is a critical factor influencing 

growth and egg laying performance in 

poultry species. A significant amount of 

research was carried out on manipulating 

the photoperiod and light intensity to 

stimulate birds' growth, sexual maturity 

and reproductive performance which have 

greatly contributed to the understanding 

of the birds' physiological responses to 

different lighting programs. Incandescent 

lamps have been used for decades to 

illuminate poultry houses as it produces 

wide spectra of light. However, with the 

increased desire to reduce electricity costs 

in poultry sheds and the emerging of new 

technologies, fluorescent bulbs and light-

emitting-diodes were taken into 

consideration to replace the uneconomic 

utilization of incandescent lamps. The 

duration and intensity of light are not the 

only factors that regulate the bird's 

physiological responses. Also, exposure 

to different light wavelengths was found 

to have a significant effect. For instance, 

exposure to green and blue light was 

found to stimulate testosterone secretion 

and enhance growth in broiler chickens 

(Rozenboim et al., 1999; Cao et al., 

2008). On the other hand, earlier studies 

have shown that short wavelengths (green 

or blue) possess inhibitory effects on 

gonadal development (Benoit and Ott, 

1944; Ishibashi and Kato, 1951; Oishi 

and Lauber, 1973).  More recently, the 

green light was suggested to inhibit 

reproduction in birds (Baxter et al., 

2014); and this inhibitory effect could be 

attributed to the secretion of serotonin 

from the retina and the hypothalamus 

(Mobarkey et al., 2013). Yadav and 

Chaturvedi (2015) reported decreases in 

testicular volume, plasma testosterone 

levels and seminiferous tubules in 

Japanese quail exposed to white and blue 

LED when compared to those subjected 

to red and green light. Furthermore, red 

and white light increased egg production 

than green light in laying hens (Baxter et 

al., 2014) and than blue light in breeder 

geese (Chang et al., 2016). From these 

reports, it can be concluded that the 

physiological responses to different light 

wavelengths are dissimilar among 

species. In addition to growth and egg-

laying performance, fertility is considered 

a pivotal trait for the poultry industry as it 

determines the rate of chick output. 

Semen quality is an important factor 

affecting the success of the fertilization 

process. The effects of light wavelengths 

on semen quality and sperm analysis are 

largely overlooked in the literature. 

Therefore, the main objectives of the 

current experiment were to study the 

effects of different light colors emitting 

from LED bulbs on testicular 

development, circulating testosterone 

concentrations and the quality of the 

produced sperm in Dandarawi roosters.  

MATERIALS AND METHODS 

Experimental birds and light 

treatments 

The current study was carried out at the 

Poultry Research Farm, Department of 

Poultry Production, Faculty of 

Agriculture, Assiut University. Seventy-

five male Dandarawi chicks were raised 

under conventional lighting program of 

22 hours light (L) + 2 hours dark (D) for 

the first two weeks then the photoperiod 

was decreased to 8 hours L up to 16 

weeks of age. Afterwards, roosters were 

randomly distributed into 5 experimental 

groups (each with three replicates of five 

roosters per pen) and housed in five 

identical rooms, each with three 

partitioned deep litter pens. Roosters in 

different chambers were subjected to 

different light wavelengths using Nine-
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watt red, yellow, green, blue and white 

LED bulbs. The height of the light 

sources was adjusted to give light 

intensities of 10 lux at the level of the 

birds. At 20 weeks of age, birds were 

photo-stimulated by a sudden transfer to 

14 hours light; then photoperiod was 

gradually increased (15 minutes per 

week) to reach 16 hours L by 28 weeks of 

age. The roosters were provided with a 

commercial diet that gave 170 g crude 

protein, 28 g crude fat, 31.3 g crude fiber 

and 2750 kilo calorie, 30 g calcium and 

6.8 g available phosphorus per each one 

kg diet throughout the experimental 

period (20 weeks).   

Semen collection and preparation 

Semen was collected five times from all 

roosters of all experimental groups (once 

every two weeks) starting from week 28 

(after reaching the age of sexual maturity) 

to the end of the experimental period (36 

weeks of age). The abdominal massage 

technique was used to collect the semen 

according to Burrows and Quinn (1937). 

All collected ejaculates from roosters 

within each experimental group were 

pooled, immediately diluted 1:1 using 

Lake and Ravie extender and placed in 

ice box until being transported to the Lab. 

Sperm concentration was assessed using 

Neubauer hemocytometer.  

Sperm motility and velocity 

Five semen pools for each experimental 

group were analyzed (25 pools in total) to 

assess sperm motility and velocity using 

CASA plugin for image-J 

(http://imagej.nih.gov/ij/) provided by 

National Institution of Health as 

described by Elsayed et al. (2015). A 

drop of warm (37°C) diluted semen (1 : 

40 v/v Lake and Ravie) was placed on a 

pre-warmed (37°C) glass slide and 

covered by a glass cover. The slide was 

placed on Optika XDS-3 inverted 

microscope with phase contrast for 

examination using a magnification of 

(400 x). The percentage of motile sperm, 

curvilinear velocity (µm/sec VCL), 

average path velocity (µm/sec VAP), 

straight linear velocity (µm/sec VSL) and 

straightness (STR = VSL/VAP) were 

evaluated. Sperm motion was recorded 

using Tucsen ISH 1000 camera at 30 

frames/second mounted on the 

microscope. A minimum of three fields 

and 500 sperm tracks were examined 

using the CASA software. Spermatozoa 

with VAP < 10 µm/s and VSL < 5 µm/s 

are counted as static. Spermatozoa were 

categorized according to their velocity to 

slow (10 < VAP < 20 µm/s), medium (20 

< VAP < 50 µm/s) and rapid (VAP > 50 

µm/s). The proportion of spermatozoa 

showing progressive motility was 

calculated as the number of spermatozoa 

exceeding 20 µm/s VAP and 80% STR 

divided by the number of motile 

spermatozoa.   

Testicular development and 

testosterone concentrations 

At the end of the experimental period, 

two mL of brachial blood was drawn 

from three birds per replicate, and whole 

blood was used to collect the serum. 

Serum samples were stored at – 20°C 

until assayed for testosterone 

concentrations. The hormone 

concentrations were determined using a 

testosterone enzyme immunoassay test kit 

(Biocheck, Inc. 323 Vintage Park Drive, 

Foster City, CA 94404). The absorbance 

was measured within 15 minutes using a 

microplate reader (Biotek ELX 808 IU) 

set at a wavelength of 450 nm. 

Following blood collection, the birds 

were humanely slaughtered, and the testes 

were weighed using a sensitive balance. 

The testis length and width were 

measured using a sensitive caliper.     

http://imagej.nih.gov/ij/
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Statistical analysis 

The data obtained were analyzed in a 

complete random design. The data were 

analyzed by ANOVA using the GLM 

procedure of SAS (SAS institute, 2009). 

When treatment effects were significant, 

differences between least squares means 

were tested using Duncan’s multiple-

range test (Duncan, 1955) and the 

differences were considered significant at 

the level of P < 0.05. Before analysis, all 

percentages were subjected to arcsine 

transformation to approximate normal 

distribution. 

The following model was used for analysis 

of variance:   

Y ij = µ + Si + Eij 

Where: Yij = observation, µ = overall 

mean, Si = treatment effect, Eij = 

experimental errors. 

RESULTS 
The effects of light color on testicular 

development and serum testosterone 

levels are presented in Table 1. 

Roosters exposed to red and yellow light 

had heavier absolute and relative weights 

of left testes (P≤0.05), longer width of 

left and right testes (p≤0.05) when 

compared with those subjected to green 

light; while roosters exposed to white and 

blue light had intermediate values. The 

relative weights of the right testes did not 

differ among roosters exposed to red, 

yellow, white light and they were all 

significantly higher than those of roosters 

exposed to blue and green light 

(P≤0.004). The obtained results revealed 

lower circulating testosterone levels of 

roosters subjected to green and blue light 

when compared with other experimental 

groups (P≤0.0001).  

Results of Table 2 shows the effects of 

light color on sperm number per ml, 

motility, and velocity. 

Roosters exposed to green light exhibited 

the least sperm concentration per ml 

(P≤0.0001), the highest percentages of 

immotile (P≤0.0001) and slow sperm 

(P≤0.0005), the lowest percentages of 

spermatozoa showing progressive 

motility (P≤0.0001), and smallest values 

of VAP, VSL (P≤0.0001), and 

straightness (STR = VSL/VAP; 

P≤0.0001). Compared with the other 

experimental groups, roosters exposed to 

red light recorded superior values of 

VCL, VAP, VSL (P≤0.0001) and sperm 

concentration per ml (P≤0.0001), and had 

higher percentages of medium swimming 

sperm (P≤0.0001) and the lowest 

percentages of slow sperms (P≤0.0005). 

Ejaculates from roosters which subjected 

to yellow light exhibited comparable 

proportions of total motile sperm, rapid 

swimming sperm, and spermatozoa 

showing progressive motility to those in 

the red light group. In addition, males 

exposed to yellow light returned 

ejaculates having higher values of VCL, 

VAP, VSL, and STR than those subjected 

to white, blue and green light (P≤0.0001). 

The proportions of total motile, rapid and 

progressively motile sperm, the number 

of sperm per ml, and the values of VAP, 

VSL, and STR did not differ significantly 

between roosters treated with white and 

blue light.    

DISCUSSION 

Our results regarding the effects of light 

color on testes growth strengthen 

previous observations in which short 

wavelengths have an inhibitory impact on 

testicular mass. In Leghorn cockerels 

exposed to different light wavelengths, 

birds reared under red, or white light had 

heavier testes weights than those grown 

under ultraviolet, blue and green light 

(Osol et al., 1984).  
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In birds, the perception of light occurs 

through photoreceptors that are located in 

the retina, the pineal gland, and the 

hypothalamus. Retinal photoreceptors are 

responsible for sight and bird's responses 

related to growth and behavior; however, 

the retina is not involved in regulating 

reproduction (Wilson and Lindstorm, 

2011). To prove that retina is not 

necessary for light stimulation of 

reproduction, Baxter et al. (2014) 

exposed sighted and blind chickens to 

red, green, blue, or white light. The 

results indicated that photostimulation did 

not differ between sighted and blind birds 

maintained under red or white light, and 

that red light was necessary to stimulate 

the reproductive axis. It is well 

established that controlling the circadian 

rhythm is the function of the pineal gland 

through the secretion of melatonin and 

that the organ is not critical for the 

perception of daylength (Nir et al., 1987; 

Baxter et al., 2014). However, the light 

that stimulates the reproductive axis is 

perceived by the hypothalamic 

photoreceptors (Saldanah et al., 1994; 

Baxter et al., 2014). This means that light 

must penetrate the skull and brain tissues 

to reach the hypothalamus and initiates its 

effects on the development of the 

reproductive system. When the 

hypothalamic photoreceptors perceive the 

light, gonadotropin-releasing hormone 

(GnRH) is released into the hypophyseal 

portal system stimulating the anterior 

pituitary to release gonadotropins which 

in turn stimulate gonads' growth (Dunn et 

al., 2009). Spectra of longer wavelengths 

possess higher energy and are more 

capable of penetrating the skull and brain 

tissues than those of shorter wavelengths 

(Baxter et al., 2014). Therefore, shorter 

wavelengths require higher intensities in 

order to stimulate the hypothalamic 

photoreceptors (Pang et al., 1974; 

Prescott et al., 2003). This fact may 

explain our results in which red and 

yellow spectra resulted in heavier testes 

weights than did green and blue light. 

Because white light is made up of a 

mixture of different colors including red 

and yellow, no significant differences in 

testes weight and size were observed 

among roosters subjected to the three 

color treatments. 

It is well known that there are two major 

types of cells necessary for the normal 

function of the testes. Leydig cells 

located in the interstitial compartment 

adjacent to the seminiferous tubules have 

the steroidogenic enzymes required for 

the production of testosterone and 

androstenedione (Johnson, 1986). 

Testosterone production relies on Leydig 

cells being stimulated by LH, which is 

secreted into the peripheral circulation by 

the anterior pituitary in response to 

gonadotropin-releasing hormone (GnRH) 

from the hypothalamus (McLachlan et al., 

1996). The second type, Sertoli cells, is 

located within the seminiferous tubules 

and secretes inhibin, androgen binding 

protein, and estrogen and plays a pivotal 

role in spermatogenesis. The division of 

secondary spermatocytes into haploid 

spermatids is crucially dependent upon 

androgens including testosterone 

(Weinbauer et al., 2010). Therefore, we 

propose that the higher serum 

testosterone concentrations and 

consequently the higher sperm 

concentration per ml observed in the red 

and yellow light treated birds can be 

attributed to a higher secretion of LH 

from the anterior lobe of the pituitary 

gland. This assumption is supported by 

the findings of Li et al. (2014) who 

observed higher LH and FSH levels in 

chickens raised under long wavelengths 
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(red light) than those reared under short 

wavelengths.  

Furthermore, because a large proportion 

of testicular mass is involved in 

spermatogenesis, testes size is sometimes 

used to estimate sperm production 

(Moller, 1988). Hence, the larger testis is 

predicted to produce more sperm than 

small testis. This interrelationship was 

reported in the house sparrow (Birkhead 

et al., 1994), and in zebra finch (Birkhead 

et al., 1993). Also, positive correlations 

between testes weights and sperm 

concentration were reported in chickens 

(Lee et al., 1999). These correlations also 

justify our findings where ejaculates from 

roosters raised under green light exhibited 

the lowest number of sperm per ml; while 

those of males reared under red light 

showed the highest sperm count per ml. 

The effects of light color on sperm 

kinetics have never been published before 

in the literature. The results obtained 

from the current study indicate that light 

color not only exerts its effects on 

testicular growth and sperm 

concentration, but also significantly 

influences sperm quality. Roosters 

exposed to red light returned ejaculates 

with highest values of all sperm kinetics 

(VCL, VAP, and VSL) followed by those 

from males exposed to yellow, blue, 

white and green light, respectively. 

Straightness values were highest in red 

and yellow and lowest in green light 

treatment. Moreover, roosters exposed to 

red and yellow light recorded higher 

percentages of total motile, rapid and 

progressive sperm and had smaller 

proportions of slow sperm compared to 

other treatments. Ejaculates from the 

green light group showed the lowest 

sperm quality. Sperm velocity and 

progressive motility are of outmost 

importance and should be assessed 

together when evaluating sperm quality 

because they determine the success of 

sperms to traverse the oviduct and their 

ability to reach the site of fertilization 

(Sayed et al., 2017). Progressively motile 

sperms swimming with slow speed are 

unlikely competitive because they most 

likely fail to ascend the oviduct and do 

not approach the funnel. Likewise, not all 

rapid sperms are capable of reaching the 

ova because sperms swimming in small 

circles (not progressive) are simply not 

moving forward and also fail to reach the 

fertilization site (Sloter et al., 2006).  

Hence, ejaculates having higher 

proportions of spermatozoa showing 

progressive motility with higher values of 

VSL are indicative of higher sperm 

mobility and better competence which is 

eventually reflected on the resultant 

fertility rates (Sayed et al., 2017). Our 

results indicate that roosters exposed to 

red light returned ejaculates with better 

sperm quality and are predicted to 

achieve better fertility rates compared to 

the rest of treatment groups.    

CONCLUSION 

In summary, exposing premature 

Dandarawi roosters to blue and green 

light resulted in smaller testes size and 

lower serum testosterone concentrations 

compared to those subjected to red, 

yellow and white light. Sperm analysis 

revealed that roosters exposed to red light 

had higher sperm concentration per ml 

and superior sperm quality based on all 

sperm kinetics, progressive motility and 

the sperm swimming speed than other 

treatment groups.  
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Table (1): Effects of exposing Dandarawi roosters to different light color on testes 

development and serum testosterone concentrations (ng/ml). 

 

Traits 
Red Yellow Green Blue White 

Pooled 

SEM 
P-value 

Body weight (g) 2170 2194 2158 2312 2223 128.2 0.918 

Left testis weight 
(g) 

a26.06 a21.49 b8.37 ab19.02 ab19.20 3.85 0.050 

Left testis (%) a1.20 a1.00 b0.39 ab0.81 ab0.85 0.17 0.046 

Right testis weight 

(g) 
a29.94 a23.16 b9.91 a21.44 a25.51 3.35 0.006 

Right testis (%) a1.38 a1.08 b0.47 b0.92 a1.17 0.15 0.004 

Left testis width 

(cm)  
a2.62 a2.80 b1.86 ab2.38 ab2.40 0.21 0.048 

Right testis width 

(cm) 
a2.90 a2.86 b1.96 ab2.52 ab2.52 0.21 0.041 

Left testis length 

(cm) 
5.08 4.96 3.62 4.64 4.28 0.39 0.104 

Right testis length 

(cm) 
5.49 5.14 4.00 4.90 4.58 0.40 0.143 

Testosterone 

concentration 

(ng/ml) 

a2.610 a2.540 b1.594 b1.848 a2.560 0.09 0.0001 

means within main effects in the same row without common  effects,for main  a and b

superscripts are significantly different. 

SEM = standard error mean 
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Table (2): Effects of exposing Dandarawi roosters to different light color on sperm 

concentration per ml, motility, swimming speed and sperm velocity. 

 Red Yellow Green Blue White 
Pooled 

SEM 
P-value 

Sperm Concentration 

× 107/ml 
743.00a 560.33b 219.66c 548.00b 473.33b 46.48 0.0001 

Motility        

Immotile % 1.13c 1.12c 5.60a 4.66ab 3.91b 0.50 0.0001 

Motile % 98.87a 98.88a 94.57c 95.34bc 96.09b 0.49 0.0001 

Progressive sperm % 34.03a 32.62a 18.58c 25.97b 26.11b 1.52 0.0001 

Non-progressive % 64.84d 66.26cd 75.81a 69.37bc 69.98b 1.09 0.0003 

Swimming speed        

Slow % 11.52c 17.86b 27.68a 17.98b 24.02a 1.62 0.0005 

Medium % 76.31a 66.90c 59.07e 71.70b 63.29d 1.64 0.0001 

Rapid % 12.62a 14.12a 6.51b 5.66b 8.78ab 1.09 0.021 
Sperm velocity & 

straightness 
       

VCL (µm/sec) 63.71 a 57.51b 57.09b 57.30b 53.57c 0.22 0.0001 

VAP (µm/sec) 34.65a 31.87b 27.48d 29.45c 29.33c 0.16 0.0001 

VSL (µm/sec) 25.17a 23.44b 18.53d 21.33c 21.15c 0.13 0.0001 

STR 71a 71a 65c 69b 69b 0.20 0.0001 
For main effects, means within a row without common superscripts differ significantly P e-d-c-b-a

< 0.05. 

Abbreviations: VCL, curvilinear velocity; VAP, average path velocity; VSL, straight line 

velocity; STR = VSL/VAP. 
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 الملخص العربى

 

علي نمو الخصيتين، تركيز هرمون التستوستيرون  المنبعثة من لمبات الليد لون الاضاءة تأثير

 في ذكور الدجاج الدندراوي الحيوانات المنويةفي الدم، جودة 
 مصطفي جلال عبد الفتاح *محمد عبد الحميد محمد سيد

 51717اسيوط ، مصر.  –قسم انتاج الدواجن بكلية الزراعة جامعة أسيوط 

 

على  الألوان رات تعريض ذكور الدندراوي الغير ناضجة جنسيا الى اضاءة مختلفةيهذه الدراسة الى تقييم تأثهدفت 

الدم، حركة و سرعة الحيوانات المنوية بها. تم تقسيم  تطور الخصيتين، مستوى هرمون التستوستيرون في مصل

( و تم ديوك 7 بكل منهاثلاث مكررات  اسبوع، الى خمس معاملات )كل معاملة بها 11دندراوي، عمر  ديك  57

تسكينها في خمس حجرات متماثلة كل منها مقسم الى ثلاث عشش ذات فرشة عميقة. تم تعريض الطيور بكل غرفة 

وات بيضاء، زرقاء، خضراء، صفراء، حمراء خلال الفترة  9الى لون اضاءة مختلف باستخدام لمبات )ليد( بقوة 

 السائل المنوي وتم تدريب الديوك علي جمع  .من العمر السادس و الثلاثين لأسبوعا من الاسبوع السادس عشر الى

 لكلعينات  بحيث تمثل خمسة اسبوع من العمر( 61-52منها خلال فترة الجمع ) عينة 57تم الحصول على عدد 

جربة تم الحصول . و في نهاية الت(حركة و سرعة الحيوانات المنوية) و ذلك لتقدير صفات السائل المنويمعاملة 

بها، ثم تم عينات من كل مكررة( لتقدير تركيز هرمون التستوستيرون  6ذكور لكل معاملة ) 9على مصل الدم من 

نمو   الى تثبيط ج أن التعرض للون الاضاءة الأخضر أدىذبح الطيور لقياس نمو الخصيتين. أظهرت النتائ

أدى التعرض  كما .المدروسةمعنوية على معظم صفات السائل المنوي  بدرجة الخصيتين و كان لها تأثيرات سلبية

لمقارنة بالمعاملات في الدم با معنويا للون الاضاءة الأخضر و الأزرق الى انخفاض تركيز هرمون التستوستيرون

ون المعرضة لل أظهرت الديوك المعرضة للون الاضاءة الأخضر و الأزرق و الأبيض الديوكمقارنة الأخري. و ب

و كذلك و الحركة التقدمية و الكلية للحيوانات المنوية  الحيوانات المنوية في تركيزمعنويا   تحسناالأضاءة الأحمر 

السرعة المنعطفة  و المستقيمة  و متوسط  سرعة مسار الحيوانات المنوية  و أخيرا نسب أقل  فيمعنويا  تحسنا

نتائج مماثلة من ذات المعرضة للون الاضاءة الأصفر  أن الديوك كما لوحظمعنويا من الحيوانات المنوية البطيئة. 

نمو الخصيتين و تركيز هرمون التستوستيرون في مصل الدم و نسب الحركة الكلية و التقدمية للحيوانات المنوية و 

 لون الى أن تشير هذه النتائجلذا كذلك نسب الحيوانات المنوية السريعة لمثيلاتها المعرضة للون الاضاءة الأحمر. 

رات أفضل على التناسل و جودة الحيوانات المنوية من الضوء الأبيض و يالضوء الأحمر و الأصفر لهما تأث

     الدجاج الدندراوي. في ديوك زرق، و أن الضوء الأخضر له تأثيرات ضارة علي التناسلالأ

 

 

 

 

 

 

 

 

 


