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Very cool white LED light improves reproductive performance and
up-regulates expression of reproductive genes in layers
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Abstract: This study was carried out to evaluate the effect of light color temperature on reproductive performance and the
expression pattern of GnRH-1 and FSH f genes in layers. At lay, 165 Fayoumi healthy pullets were separated into well ventilated,
environmentally controlled rooms. Birds were allocated into three groups with 55 birds each (5 males and 50 females) till 3 months
after laying, representing base generation (FO0). Fertile eggs were collected and incubated, and the newly hatched chicks were also
divided into three groups from the first day of life till 3 months after laying, representing the first generation (F1). In the two generations,
the first group was exposed to cool white LED light (day light) (6500 kelvin); the second group was exposed to very cool white LED
light (sky blue light) (10000 kelvin); and the third group was exposed to warm white LED light (yellow light) (2700 kelvin). The
expression profiles of GnRH-1 and FSH B genes and the serum level of FSH were evaluated in birds of the two generations. Blue light-
exposed groups exhibited better reproductive performance, higher up-regulation of GnRH-1 and FSH f genes and increased FSH levels
than those exposed to either the white or yellow light colors. A comparison between FO and F1 revealed an improved profile for F1

birds. It therefore appears that blue LED light could improve the reproductive status of laying chickens.
Keywords: Gene expression, layer, light, reproductive performance.

Introduction

Poultry production is an important component of
agriculture all over the world. Recently, more attention has
been given to poultry, mainly due to the quality of their
meat and sustainable production (24). Chickens provide
more than 67.6 percent of the daily recommended value of
protein, and more than 72 percent of the daily requirement
for Niacin in a 4-ounce portion for an adult human (13).
Eggs are also high in nutrition and protein and are a
convenient, low-cost food. Eggs contain B12, riboflavin,
and choline, which have been positively linked to the
development of memory functions in fetuses. Meat from
native chickens is preferred by more consumers than meat
from commercial broilers due to their superior taste, meat
texture, low fat and cholesterol, and high protein content (36).

Light is an important environmental factor for
manipulating the behavioural activity (20), reproductive
characteristics (5), growth performance (40) and
immunity of birds. Light-emitting diodes (LED) are very

energy efficient and hence provide sufficient brightness
(22). Thus, most poultry producers have replaced ICD
(inductively coupled discharges) lamps with LEDs.
Moreover, LEDs are potentially beneficial to the poultry
industry due to their long life span, moisture resistance,
and narrow spectrum (31). An important aspect of light
characters that could have an impact on an animal’s
productivity and reproduction is light color. Light color is
described by chromaticity. Chromaticity is the measure of
a light source’s warmth (warm light) or coolness (cool
light) expressed in degrees Kelvin. The scale runs from
2000 to 7000K. Light with chromaticity values of 4000 K
or higher is considered cool (as blue light), light with
chromaticity values of around 3500 K or 3600 K is called
neutral, and light of about 3000 K or less is considered
warm (as red light) (25).

Photoreceptors of the deep brain of birds are
stimulated into action only by very specific colors of light.
Light is received through retinal and extra-retinal
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photoreceptors. Photoreceptors are composed of large
protein particles called opsins attached to an aldehyde of
vitamin A, referred to as a chromophore (41). When a
chromophore absorbs light, the photoreceptor goes
through a conformational change, triggering a biochemical
signal that is responsible for the release of neurotransmitters
from the photoreceptor cell (16). Photoreceptors receive
light signals and transmit them to oscillators, which
control the bird's circadian rthythm via the synthesis and
release of melatonin. The stimulation of photoreceptors is
very important since it signals the production and release
of certain hormones responsible for sexual development,
aggressive behaviour and egg production (11).

GnRHI1 is the gene that plays an important role in the
generation of peptides responsible for the secretion of
GnRH. GnRHI1 is located on chromosome 8 (10).
Gonadotropin-releasing  hormone (GnRH) is a
neurohormone produced in a specific neural cell and
released at its neural terminal (35). A key area for the
production of GnRH is the preoptic areaof the
hypothalamus. GnRH neurons originate in the nose and
migrate into the brain, where they are scattered throughout
the medial septum and hypothalamus and connected by
very long dendrites (7). GnRH plays a fundamental role in
the release of gonadotropins from the pituitary gland and
is considered the primary hormone that regulates
reproduction (46).

The follicle-stimulating hormone (FSH) is another
fundamental hormone for reproduction. FSH is a member
of the glycoprotein hormones secreted by gonadotrophs in
the anterior pituitary gland. It is comprised of two
dissimilar subunits, alpha and beta, encoded by separate
genes (14). FSH can stimulate the proliferation of
granulosa cells (9) and is required for the long-term
culture of granulosa cells. Moreover, FSH plays an
important role in stimulating the release of progesterone
(21). In chicken, the FSH f precursor molecule consists of
131 amino acids with a signal peptide of 20 amino acids
followed by a mature protein of 111 amino acids that is
encoded by FSHP cDNA, which is composed of 2,457 bp
nucleotides, including 44-bp nucleotides of the 5°-
untranslated region (UTR), 396 bp of the open reading
frame, and a long 3°- UTR of 2,001 bp nucleotides
followed by a poly (A) tail (42).

Very few studies have considered how light color
temperature could affect reproductive performance and
the expression pattern of reproductive genes, particularly
in laying chickens (15). Moreover, there is much
controversy between the findings of literature regarding
this. Therefore, the objective of the present study was to
quantify the effects of different light color temperatures on
reproductive performance traits, and the expression
pattern of GnRH and FSH genes in native Egyptian
Fayoumi layers (Gallus gallus domesticus).

Materials and Methods

Experimental birds and design

Base generation (Fo): One hundred sixty-five native
Egyptian Fayoumi healthy pullets at 17 weeks of age with
similar body weight (900 + 30 gram) were used in this
experiment. Pullets were purchased from an experimental
farm for poultry breeding in Fayoum Governorate, Egypt.
All birds were housed under the same environment till the
time of laying at a density of 8 birds/m?, 12L: 12D light
cycle, 67-77 % RH, and 28 °C. From the 19% week the
lighting schedule was gradually increased half an hour
every week till it reached 16L: 8D at laying time. At
laying, 24" weeks, birds were randomly assigned into
three groups of 55 birds each, in separate, well-ventilated,
environmentally controlled rooms according to the light
color temperature. Each room had a floor area of 9 m? and
was used for housing 50 females and 5 males. The first
group (control) was exposed to cool LED white light
(daylight) (6500 kelvin). The second group (sky blue
light) was exposed to very cool LED white light (10000
kelvin) and the third group (yellow light) was exposed to
warm LED white light (2700 kelvin) till the end of the
experiment. Light intensity was 25 Ix (1.4-ft candle)
during light phase and 0 Ix during dark phase of the
photoperiod and was recorded near the floor,
approximately at the bird’s height. Artificial light systems
were placed 10 cm above the birds using plastic crosses
attached to the ceilings of the rooms. Food and drinking
water allowed ad-libitum throughout the
experimental period.

First generation (F1): Eggs were collected daily,
and egg numbers and egg weights were recorded daily for
each group. Eggs were incubated at 37 °C and 70 % RH,
and the newly hatched chicks (F;) were marked using
wing bands. Chicks were vaccinated using the program of
vaccination of the Local Veterinary Organization. Equal
number of chicks to that of Fy was selected and used for
the F; generation. Chicks were divided into three groups
of 55 birds each (5 males and 50 females) from the first
day of life similar to those of the base generation; control
cool white, very cool sky-blue light and warm yellow light
but were subjected to continuous artificial lighting during
the first 8§ weeks of age. This artificial light was decreased
to 12 hours light and 12 hours dark in 17" week of age,
then was gradually increased one hour/month till reached
16 hours light at the 21 week of age.

Reproductive performance traits: Fertility % and
hatchability % were estimated according to the method
described previously (32).

o Fertility percentage % (F %) = (No of fertile

eggs/total No of eggs set) x 100.

e Hatchability % = (No of hatched chicks/total No

of fertile eggs) x100.

were
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Egg number and egg weight were estimated weekly
for each group as per a previously described method (43).
EW was recorded by weighing all eggs of each group
using an electric digital balance with a range from 0.1 to
200 g. The mean egg number per hen was calculated by
dividing total egg number of eggs per group by number of
birds. Mean egg weight was calculated by dividing the
total egg weight per hen per week by the number of eggs
per hen per week (19). Eggs were weighed individually
and recorded to the nearest 0.1 g using an electric digital
balance with a range from 0.1 to 200 g. Egg length and
egg width were measured using a Vernier caliper by
carefully placing the internal content of an egg on a
smooth glass plate to avoid rupture of the vitelline
membrane. Egg shape index was calculated as egg width
percent divided by length percent according to (2).
Albumen weight was measured and recorded to the nearest
0.1 g using an electric digital balance. Albumen height
was measured by placing a tripod at different places of
thick albumen and an average of three readings was
considered as albumen height. Haugh units % (HU %)
were estimated according to a previous method (18).

HU = 100 log (H+7.57-1.7W °37) where; HU =
Haugh units, H = albumen height (mm) and W = egg
weight in gram.

Yolk weight was measured and recorded to the
nearest 0.1 g using an electric digital balance. Yolk index
% = yolk height /yolk diameter (12). Shell weight was
measured and recorded to the nearest 0.1 g using an
electric digital balance. Shell thickness (mm) was
measured in micrometers as an average of 3 points (top,
medial and base).
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Sample collection: In both Fy and Fy, tissue and
blood samples were taken from all female and male birds.
Tissue samples were taken from the hypothalamus and
pituitary gland for RNA extraction. Samples were put in
Eppendorf containing RNA later (Qiagen, Germany), to
minimize the action of endogenous Rnase. Blood samples
were collected without anticoagulant from wing veins into
clean dry centrifuge tubes, were left to clot at room
temperature and were then centrifuged at 3000 rpm for 15
min. Serum was stored at -20 °C until biochemical
analysis.

RNA extraction and real-time PCR: RNA
extraction was done using Rneasy Mini Kit (Qiagen,
Germany), following the manufacturer protocol. RNA
was treated with RNAse free-DNAse [ (Qiagen,
Germany), to remove any contaminating genomic DNA.
The expression profile of GnRH and FSH genes was
carried out in hypothalamus and pituitary gland
respectively. The relative expression was quantified using
SYBR Green PCR Master Mix (2xSensiFast™ SYBR,
Bioline) and carried out according to primers described
previously (49). Primer sequences and annealing
temperatures are shown in Table 1. The housekeeping f3-
actin gene was used as an internal control. Reverse
transcription of extracted mRNA and real-time PCR
program schedule for each gene is illustrated in Table 2.
CT values were determined by stratagene MX3005P
software. To estimate the variation of gene expression in
RNA of different samples, CT of each sample was
compared with that of the control group according to the
“AACt” method (49).

Table 1. Oligonucleotide primers sequence, accession number, annealing temperature and PCR product size of GnRH-1, FSH-f and f-

Actin genes.

Gene Primer (forward) Product length (bp) Accession number Reference
F:5-ATCTGCTTGGCTCAACACTG-3
GnRIT R: 5-ATCAGGCTTGCCATGGTTTC-3 191 NM_001080877.1 (15)
F:5-GCCATCCTACTGCTCCTTCA-3
FSH-f R:5-GCTTGGCAGTTTCTCGGTAC-3 154 NM_204257.1 (15)
. F:5-GAGAAATTGTGCGTGACATCA-3
p-Actin R:5-CCTGAACCTCTCATTGCCA-3 152 NM_205518.1 “49)
Table 2. Reverse transcription and real-time PCR program for GnRH-I, FSH-f§ and -Actin genes.
Dissociation curve
Amplification (40 cycles
Gene Reverse Primary P (40 cycles) (1 cycle)
transcription  denaturation  Secondary . . Secondary Annealing  Final
. Annealing Extension . .
denaturation denaturation extension
GnRH-1 50°C 94°C 94°C 60°C 72°C 94°C 60°C 72°C
FSH-p 30 min. 15 min. 15 sec. 30 sec. 30 sec. 1 min. 1 min. 1 min
B actin 50°C 94°C 94°C 51°C 72°C 94°C 51°C 72°C
' 30 min. 15 min. 15 sec. 30 sec. 30 sec. 1 min. 1 min. 1 min.
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165 Fayoumi healthy pullets (17 weeks of age)

(Fo)

Housed under same environment till laying

At 24" week, birds were allocated into one of three groups
according to the light color temperature
(5 males and 50 females each)

—

Cool LED white light
(6500 kelvin)

Very cool LED white
light (10000 kelvin)

Warm LED white light
(2700 kelvin)

Figure 1. Experimental design, measures and samples collected from both male and female birds of base (Fo) and first (F1) generation

throughout the study.

Biochemical analysis: Serum values of FSH were
determined according to the Siemens health diagnostics —
USA kits protocol as previously described (3). The
producer depends on using IMMULITE/IMMULITE
2000 rapid FSH, which is a solid-phase, enzyme labelled
chemiluminescent immunometric assay. Experimental
design, measures and samples collected from birds of both
Fo and F; throughout the study period are presented in
Figure 1.

Data analysis: Data were tested for distribution
normality, linearity and homogeneity of variance. Data
were analysed using SPSS (Statistical Package for Social
Science) version 12 and all results are reported as means
+ SEM. Analysis of egg number, egg weight, egg mass,
fertility %, hatchability % and egg quality traits were
performed wusing General Linear Model (GLM)
procedures-repeated measures. Remaining data were
analysed using one-way analysis of variance (ANOVA) to
test all groups unpaired values. Duncan Multiple Range
Test was used to separate means among the treatment
groups. Differences were considered to be significant at
the level of (P<0.05).

Results
Effect of light color temperature on reproductive
traits: Females of base (Fo) and first (F,) generations
under different color light temperatures were evaluated for
the following traits; egg number, egg weight, egg mass,
fertility %, hatchability %, and egg quality traits

including; egg shape index % (ESI), albumen weight,
Haugh unit, yolk weight, yolk index %, shell weight and
shell thickness (Table 3). Birds of blue light-exposed
group exhibited a better performance for all reproductive
traits compared to those of white light and yellow light-
exposed groups. Comparison between Fy and F; revealed
that females of F; had a better reproductive performance
than those of Fy.

Effect of light color temperature on expression
pattern of reproductive genes: The effect of light color
temperature on expression pattern of reproductive genes
(GnRH-1 and FSH B) was investigated in both males and
females of Fy and F; (Figure 2). Blue color light-exposed
groups exhibited a significant up-regulation of FSH § and
GnRH-1 in both males and females compared to white
(control) and yellow color light-exposed groups.
Comparison of Fy and F; generations demonstrated that F;
had a higher up-regulation of FSH B and GnRH-1 genes
than Fy in both males and females.

Effect of light color temperature on serum
biochemical analysis: The effect of light color
temperature on serum profile of FSH was explored in both
males and females of Fy and F; (Figure 3). Blue color
light-exposed groups exhibited a significant increase in
serum FSH values in both males and females compared to
white (control) and yellow color light-exposed groups.
Comparison of Fo and F, generations elucidated that F;
generation had higher values of FSH than F in both males
and females.
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Table 3. Mean (+ SE mean) reproductive performance parameters of female Fayoumi layers reared under monochromatic cool white
(Control), very cool white (Blue sky), warm white light (Yellow) at base (Fo) and first (F1) generation.

Group Cool white (Control) Very cool white (Blue sky) Warm white (Yellow)
Fo F1 Fo F1 Fo F1
Traits Means = SE
Egg number 1.97°6+£ 032  3.88%A+£0.18 4.823A +£0.54 49324 +£0.15 2268 +0.37  3.94%2+0.26
Egg weight 36.58B+£0.42 51.7*A+£0.10 37.84B+0.19  55.184+0.06 37.94°B+045 42.3%4+0.04
Egg mass (g) 72.06B£0.40 200.59°A+£0.09 182.3338+£0.23 271.60°4+0.32 85.74°8+0.25 166.66°* £0.13
Fertility % 87.00°A£0.57 89.9*2+0.66 98.87*A£0.53 100.00°*£0.66 90.06°2+0.50  93.3%4 +0.60
Hatchability % 92.6°4£0.15 93.03°2+0.70 99.00*4+0.09  100.00*A £ 0.55 97.33*A:0.40 98.76*A+0.55
Egg shape index % (ESI)  76.85%4 +£0.82 76.65%4 +0.37 74.14°B+0.36  75.00% £ 024 75.14%4 +£0.55 76.40°A+0.86
Albumen weight (g) 21.00°2A+£0.87 22.00°A+0.82 21.14°A4+£0.40 22.13%A+0.49 2556°4+£0.56 26.56* +0.68
Haugh unite % (HU) 81.91%A+£0.22 82914+ 022 84.754+£023 85754 +£0.23 81.14*2+£0.60 81.64%*+0.39
Yolk weight (g) 15,574 £0.47 16.57°4+£ 034 1542°4+0.75 15.80°A+£0.75 14424 +0.49 15424 +0.42
Yolk index % 49.00%4+£0.75 49.80*A£0.56 52.85*4+0.75  52.80% .57 51.854+0.68 50.85**+0.56
Shell weight (g) 6.14%4+£0.34  6.054+£027  6.57%4+0.20 6.904 +£0.30  5.00°A+£0.20  5.00 +0.30
Shell thickness (mm) 1.00°A £0.10  1.00°A£0.10  1.4284+£0.20 1.504 £ 0.20 1.00°%4+£0.23  1.00°* £ 0.60

Means of different levels within the same column having different superscripts are significantly different (P<0.05). Small letter
indicates a significant difference between groups at the same generation. Capital letter indicates a significant difference between
generations.

7 s
Eggs collected daily
Egg numbers and egg weights recorded daily for each group
Eggs incubated at 37 °C and 70 % RH, and the newly hatched chicks represented (F1)
165 birds representing F; allocated to one of three groups exactly as (Fo) birds for 24 weeks
= A
) m "
Cool LED white light Very cool LED white Warm LED white light
(6500 kelvin) light (10000 kelvin) (2700 kelvin)

1

Measured parameters at week 24 in
Fo and F,

/

Reproductive
performance traits

l !

e Tissue samples from hypothalamus
and pituitary gland for RNA
extraction and real time PCR and
expression level of GnRH and FSH

\

[ Sample collection ]

Daily egg number and egg weight.
Fertility % and hatchability %.
Egg length and egg width, egg shape index,

albumen weight, yolk weight, yolk index and genes.
HU. * Blood samples for serum analysis of
¢  Shell weight and shell thickness. FSH levels.

Figure 2. Relative expression of F'SH 8 (a) and GnRH1 (b) in both males and females of base (Fo) and first (F1) generation. Small letter
indicates a significant difference (P<0.05) between groups at the same generation. Capital letter indicates a significant difference
(P<0.05) between generations.
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Figure 3. Serum levels of FSH in both males and females of base (Fo) and first (Fi) generation. Small letter indicates a significant
difference (P<0.05) between groups at the same generation. Capital letter indicates a significant difference (P<0.05) between generations.

Discussion and Conclusion

Poultry has a major role to play in developing
countries because it is relatively inexpensive and widely
available. Chickens are the most popular poultry
worldwide irrespective of culture and religion (1). This is
because poultry products have a very high nutritive value
and a low detrimental impact on the environment than
other livestock and uses less water (44). Layers have been
submitted to genetic improvement to produce more eggs
at lighter body weight and with a lower feed intake. So,
layer farms need to supply high nutritional requirements
of birds and to apply management practices that can adapt
to automated and environmentally controlled facilities,
and high stocking densities (33). In the current study, the
effects of light color temperature on the reproductive
performance traits were investigated in Fo and F; Fayoumi
layers. The results of this study showed that very cool
LED light improves reproductive performance traits of
laying hens, serum FSH levels and up-regulation of
mRNA level of GnRH-1 and FSH f genes. The effects of
light on reproductive performance may be related to the
wavelength of light. One reason for the improved
reproductive performance of birds experienced blue LED
color could be their improved behaviour and temperament
e.g., calming effect of the blue light perse. It has been
demonstrated that birds reared under blue LED light were
less active, less aggressive, less fearful and more docile
compared to those reared under other light color
environments (30). This reduced level of activity and fear
might have redirected energy expenditure towards
efficient reproductive traits. This could be supported by
the fact that chickens demonstrated higher preferences for
both blue and green light than for red and white light (34).
However, the improved reproductive performance of
laying chickens reared in monochromatic blue LED light
could be also due to the increased estradiol and
progesterone levels, and the decreased levels of melatonin
hormone. It has been shown that blue light decreased

plasma concentrations of melatonin, and increased plasma
concentrations of estradiol and progesterone at 28 wk. of
age in Erlang Mountainous Chinese laying hens (27). It
could also be due to the up-regulated expression of
reproductive genes and the increased serum levels of FSH
as illustrated in our findings.

Findings of previous studies that investigated the
effects of light color temperature on reproductive
performance of chickens demonstrated controversial
results. On one hand, some experiments concluded
chicken who experienced blue color light demonstrated
improved reproductive performance compared to those
who received either white or yellow color light. Improved
reproductive performance due to blue light included
higher egg weights (17), higher levels of egg production
(27, 28), and extended peak laying (27). On the other hand,
other experiments showed that reproductive performance
of birds represented by higher egg numbers was improved
when birds were reared in red color light compared to
other colors of lights (47). Other research has given the
advantage of improving reproductive performance e.g.,
fertility and hatchability to white light rather than red,
yellow or green (48). However, other studies observed no
differences in productive performance of chicken e.g., egg
weights and egg numbers (26), or fertility and hatchability
(8) under different color lights. Others have reported that
egg weight depended particularly on hen’s age and
nutritional factors rather than on light color (6). One
reason for the controversy between results reported in the
current experiment and those of previous work could be
differences in light source, light color temperature,
species/strain of birds, light intensity, and number of
generations of birds investigated.

Results of the current experiment demonstrated also
that very cool white LED (blue) light up-regulated GnRH-
1 and FSH f gene expression in both males and females of
Fo and F,. To the best of our knowledge, the effect of light
color on the expression pattern of reproductive genes in



Ankara Univ Vet Fak Derg, 69, 2022 407

layers has received little investigation. However,
beneficial effects have been attached to the blue
monochromatic LED light on reproductive traits and
expression patterns of estradiol (ERa and ERf) mRNA
and progesterone mRNA in granulosa layers (27). Extra-
retinal photo-stimulation combined with non-photo-
stimulatory conditions to the retina caused a significant
elevation in mRNA expression of hypothalamic GnRH-I,
pituitary LH and FSH, plasma LH and gonadal steroids in
broiler breeders (38). Similarly, GnRH-I mRNA expression
in female turkey was sensitive to light stimulation during
the photosensitive period (23) and was therefore used to
characterize their different reproductive stages.

On the other hands, other experiments, despite
lacking blue LED light in its lighting schedule, have
reported a higher hypothalamic GnRH-I mRNA
expression was observed in birds under red light had than
those exposed to green light in white leghorn birds and
broiler breeder hens (Cobb) respectively (29, 37).
However, light source was not found to impact gene
expression of GnRH-I and FSH-p in chickens (4).

Results of the current study also indicated that very
cool white LED light (blue) elevated serum levels of FSH
in both males and females of Fy and F;. This increase in
FSH levels could be a reflection to the increased
expression level of GnRH-1 and FSH f gene. However, it
could have also resulted as a reflection to the increased
levels of estradiol and progesterone, and the upregulated
expression patterns of estradiol and progesterone mRNA.
Similar findings of increased serum FSH under
monochromatic blue LED light have been previously
demonstrated (26, 39, 45).

Light color temperature has a remarkable effect on
reproductive performance of laying chickens particularly
Egyptian Fayoumi layers. Blue LED light improved bird
reproductive performances via increasing reproductive
performance traits, serum FSH levels and up-regulation of
mRNA level of reproduction-related genes. These
findings recommend blue LED light in farms of layer
chicken to improve their reproductive performance.
Further studies should be carried out to investigate the
effects of light color temperature on other chicken breeds.
An expression profile of other reproductive genes is also
needed to understand their regulation mechanisms on
other productive and reproductive traits.
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