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ABSTRACT Light is one of the essential environmen-
tal factors in the production process of laying hens,
which can directly affect their behavior, growth and
development, and production performance. The spectral
sensitivity of humans is different from that of poultry,
and the perceived illuminance units of human and poul-
try are lux and clux, respectively. If the light manage-
ment of laying hen production is carried out according
to human perceived illuminance, the growth and devel-
opment of laying hens during pullet rearing may be
adversely affected due to the discomfort of the perceived
illuminance. Preliminary research has found that blue-
green LED light can improve the immune function of
laying hens during the brooding and rearing periods.
However, the differences of the effects caused by blue-
green light on the immune performance and bone devel-
opment of laying hens during pullet rearing are still
unclear for the 2 spectral sensitivities. A total of 120
Jinghong layer chickens were raised from 1 d to 13 wk of
age in one of three groups with a white LED light (light
intensity unit lux, WL) group, a blue-green LED light
(light intensity unit lux, HBGL) group, and blue-green
LED light (light intensity unit clux, PBGL) group, and
unlimited feed and water were provided during the
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whole experiment. At 7 and 13 wk of age, the immune
performance, bone parameters, and related gene expres-
sion were investigated. The results showed that com-
pared with the WL groups, HBGL and PBGL increased
the immunoglobulin A (IgA) content at 13 wk of age
and the IgM content at 7 wk of age (P < 0.05). The bone
mineral density (BMD) at 7 and 13 wk of age and tibial
strength (TS) at 13 wk of age of the pullets in the WL
group were significantly higher than those in the HBGL
and PBGL group (P < 0.05). Osteoclastogenesis inhibi-
tory factor gene (OPG mRNA) expression was
increased in the layer chickens at the age of 7 and 13 wk
for the WL group (P < 0.05). Compared with the WL
group and PBGL group, the melanopsin gene (OPN4
mRNA) transcription level of hypothalamus and pineal
gland of the chickens under HBGL significantly
increased at 7 and 13 wk of age (P < 0.05). In conclusion,
blue-green LED light with two perceived illuminance
(human and poultry) can increase the Ig content and
the immune performance of layer chickens, and blue-
green LED light (light intensity unit lux) can promote
the expression of OPN4 gene in the hypothalamus and
pineal gland. In addition, white LED light can enhance
bone quality by increasing tibia OPG gene expression.
Key words: spectral sensitivity, layer chickens, blue-g
reen LED light, immune performance, bone development
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INTRODUCTION

Light is one of the essential environmental factors in
the production process of laying hens, which affects their
growth and development, behavior, physiology, metabo-
lism, and production performance. The effect of light on
laying hens is the result of the combined effects of light
color, light intensity, photoperiod, and light source
(Phillips and Piggins, 1992; Manser, 1996).
Light color is mainly caused by the distribution of

light wavelengths (representing the distribution of each
color). Research has demonstrated that chickens have
color perception, and light color has different effects on
chickens. Short-wavelength light (blue and green light)
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has a positive effect on the growth and immunity of
chickens, quieting the chickens, reducing stress
(Xie et al., 2008a,b; Baxter et al., 2014; Wei et al.,
2020), and green light promotes weight gain of chickens.
In addition, long-wavelength light (red light) can pro-
mote the sexual organs development, sex hormones
secretion and sexual maturity, reduce feather pecking
and cannibalism, improve egg production performance,
and reduce egg quality and the fertilization rate
(O’connor et al., 2011; Li et al., 2018; Shi et al., 2019;
Hanlon et al., 2020). The total luminous power produced
in the visual part of the spectrum is defined as light
intensity, and light intensity has different effects on
chickens. Previous studies have shown that high-illumi-
nation light will make the chickens irritable, frightened,
and active, increasing fighting behavior, causing serious
pecking, and causing a decline in eggshell quality, an
increase in the number of deformed eggs, and an increase
in mortality (Phillips and Piggins, 1992; Xie et al.,
2008a,b; O’connor et al., 2011; Liu et al., 2017; Shi et al.,
2019; Wei et al., 2020). Low illumination is helpful to
keep chickens quiet, deposit fat, and enable faster weight
gain (Renema and Robinson, 2001; Kristensen et al.,
2007; Shi et al., 2019).

Light sources of different colors are considered to have
different intensity, so it is difficult to distinguish the
effects of these 2 light characteristics on laying hens
(Prayitno et al., 1997). In addition, the perceived illumi-
nance depends on the spectral power distribution of a
light source and the poultry sensitivity to the particular
wavelengths (Kristensen et al., 2007). Consequently,
light sources may be perceived as different colors and
illuminance by chickens than they are by humans. Com-
pared to humans, poultry are more sensitive to light and
can detect the flicker of low-frequency fluorescent lamps.
The critical fusion frequency for poultry, which can
detect the level of difference between continuous and
intermittent lighting, is about 105 Hz (Nuboer et al.,
1992a) to 120 Hz (Widowski and Duncan, 1996). Due to
the difference in spectral sensitivity between humans
Figure 1. Oblique view of part of the cages an
and poultry and the different types of light sources used,
the difference in the perceived illuminance between
humans and poultry may reach 20% (Nuboer et al.,
1992b; Prescott et al., 2003). And there are differences
in the spectral sensitivity characteristic curve between
humans and poultry (Lewis and Morris, 2000). However,
there is little research on the effects of two perceived illu-
minance (human and poultry) on laying hens, which
may cause an adverse effect on the growth and develop-
ment of layers during pullet rearing.
Preliminary research has found that blue-green LED

light can improve the immune function of laying hens
during the brooding and rearing periods (Wei et al.,
2020). Hence, we explored the effect of blue-green lights
with 2 perceived illuminance (human and poultry) on
the immune performance, bone development, and
related gene expression of the layer chickens, with the
hope of providing a theoretical basis for lighting applied
during the brooding and early rearing periods of laying
hens, which is conducive to further improving the light
environment and the health and welfare of laying hens.
MATERIALS AND METHODS

Experimental Pullet House and Experimental
Animals

A total of 120 healthy and similar weight Jinghong
layer chickens (Beijing Yukou Poultry Co., Ltd., Bei-
jing, China) were raised from 1 d to 13 wk of age in one
of 3 groups, the white LED light (light intensity unit
lux, WL) group, the blue-green LED light (light inten-
sity unit lux, HBGL) group, or the blue-green LED
light (light intensity unit clux, PBGL) group. Each
cage (length £ width £ height, 72 cm £ 65 cm £ 40 cm)
was distributed at the 4 tiers of the stacked cage system,
and the 3 different light treatments were randomly
assigned in houses (Figure 1). The air temperature (T)
and the relative humidity (RH) of the houses was main-
tained between 16°C and 36°C and between 40 and 60%,
d the experimental treatment arrangements.
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respectively, during the whole experiment, following the
same environmental requirements for the birds at differ-
ent ages. The hens were fed without restriction, and
unlimited water was provided during the whole experi-
ment period. All the layer chickens in this experiment
were managed by trained staff with standing guidelines
for the Jinghong laying hens.
Figure 2. Spectral characteristics.
Light Design

Since there is a difference in spectral sensitivity
between humans and poultry, and the perceived illumi-
nance depends on the spectral power distribution of a
light source and the chicken sensitivity to the particular
wavelengths, the lux (based on human spectral sensitiv-
ity) is not strictly appropriate for describing levels of
illuminance in poultry houses (Philips Lighting, 1988b;
Nuboer et al., 1992a; Lewis and Morris, 2000). The clux
(described as the irradiance of the light source, measured
at bird head height in 5 nm intervals, was obtained by
integrating for per unit wavelength) can represent the
illuminance perceived by the poultry (Prescott and
Wathes, 1999; Kristensen et al., 2007).

Light intensities in the WL group and HBGL group
were set according to daily production management,
and the unit was lux. The value of light intensity in the
PBGL group was the same as that in WL and HBGL,
the unit of which was clux. The photoperiod and light
intensity in this experiment are shown in Table 1.

The LED lamp used in the experiment was a strip
tube (220 V/5 A, Wuxi Huazhaohong Optoelectronics
Technology Co., Ltd., China), mounted vertically in
front of the cage to improve light uniformity. The spec-
tral characteristics involved in this study are shown in
Figure 2. The average light intensity (lux) at the level of
the chicken head in the middle of each chicken cage was
measured with an illuminance meter (SRI-2000, Shangze
Optoelectronics Co., Ltd., Taiwan, China), and based
on spectral composition, the light intensity (lux) was
converted to clux. A shading cloth was installed between
adjacent individual cages to avoid unintended irradia-
tion to the hens from the lamps in the other cages. In
order to adequately block light, the connection section
between feeder and drinker in the adjacent cages was
sealed by opaque tape. The surface of the lamp was
wiped with 75% alcohol regularly to avoid excessive dust
affecting the light intensity.
Table 1. Light program.

Day(d)/
week (wk)

Photoperiod
(h)

Light intensity
(lux)

Light intensity
(clux)

Clux/
lux

1−3 d 24 50 50 2.28
4−7 d 22 50 50 2.28
2 wk 20 30 30 2.13
3 wk 18 15 15 1.99
4 wk 16 8 8 1.92
5 wk 14 8 8 1.92
6 wk 12 8 8 1.92
7 wk 10 8 8 1.92
8−13 wk 9 8 8 1.92
Immune Performance

At 7 wk of age (50 d) and 13 wk of age (92 d), 6 pul-
lets (the different individuals) were randomly selected in
each light treatment group, and blood from the right jug-
ular vein was taken with a disposable collection needle.
The collected samples were stored under conditions of
�20°C before being delivered to Beijing Huaying Biotech-
nology Research Institute (Beijing, China) for tests the
same day. The immunoglobulin A (IgA), immunoglobu-
lin G (IgG), and immunoglobulin M (IgM) levels were
determined using the colorimetric method (Mindray BS-
420 automatic biochemical analysis instrument, Mindray
Bio-Medical Electronics Co., Ltd., Shenzhen, China).
Bone Development

At 7 wk of age (50 d) and 13 wk of age (92 d), 6 pullets
(the different individuals) were randomly selected in each
light treatment group, and their left leg and right leg tibia
were immediately removed after euthanization. The skin
and flesh of the leg tibia were removed with a medical scal-
pel, soaked, and wrapped in gauze with saline, the left
tibia was tested for tibia traits and the right tibia was
tested for weight and strength within 12 h. The tibia traits
(bone mineral density [BMD], bone mineral content
[BMC], and bone area [BA]) were detected by a dual-
energy X-ray bone mineral density instrument (Lunar-
iDXA, GE Healthcare, Madison, WI). The tibia weight
was detected with a thousandth electronic balance (JM,
Shanghai Lingke Industrial Development Co., Ltd.,
China) and the tibia strength was detected with a univer-
sal material testing machine (INSTRON3367, USA).
Total RNA Isolation and Real-Time
Quantitative PCR

In the morning of the 7th wk (50 days old) and 13th
wk (92 days old), 3 pullets (the different individuals)
were randomly selected in each light treatment group.
After euthanization, the pineal gland, hypothalamus,
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spleen, and tibia were separated under low illumination
light conditions. The collected samples were stored
under conditions of �80°C for total RNA extraction.
Immunoglobulin G-g (IgG-g mRNA) abundance in the
spleen, osteoclastogenesis inhibitory factor gene (OPG
mRNA) abundance in the tibia, and melanopsin gene
(OPN4 mRNA) abundance in the hypothalamus and
pineal tissue were performed for fluorescence using real-
time quantitative PCR analysis.
Statistical Analysis

All statistical analyses were performed using general
linear models (GLE) parameterized with SPSS (IBM
SPSS Statistics 23.0, Armonk, NY). The sample order
and body weight were the random factor, whereas the
sampling week and the light treatment were the fixed
factors. The linear mixed model equation was as follow-
ing:

Yijkl ¼ mþ LTi þ SWj þ SOk þ BWl þ eijkl

where Yijkl is the trait we have investigated; m is the
model constant; LTi is the effect of light treatment
(i = 1 to 3); SWj is the effect of sampling week (j = 7,
13); SOk is the effect of sample order (k = 1 to 6); BWl is
the effect of body weight.

The effects in the statistical model were tested simul-
taneously, and the effects were removed from the origi-
nal model when they were not significant. When the
effect was statistically different (P < 0.05), further anal-
ysis was needed. The independent sample t test (t test)
was applied for post hoc group comparisons. The data
are presented as the means § standard error (SE).
RESULTS AND DISCUSSIONS

Effects of Blue-Green Lights With Two
Perceived Illuminance (Human and Poultry)
on the Immune Performance of Layer
Chickens

The influence of blue-green lights with 2 perceived
illuminance (human and poultry) on the immune
Figure 3. Effects of blue-green lights with two perceived illuminance (h
IgA content; (B) IgG content; (C): IgM content. WL: white LED light (lux
(clux). Data are presented as the means § SE. A, B: Within a column in diff
0.05). Light intensities in the WL and HBGL groups were set according to da
intensity in the PBGL group was the same as that in WL and HBGL, the un
performance of layer chickens is shown in Figure 3. The
immunoglobulin M (IgM) content was significantly
affected by age (P < 0.01), and the immunoglobulin A
(IgA) and immunoglobulin G (IgG) content were not
significantly affected by age. The results showed that at
7 wk of age, the content of IgM in the blue-green LED
light (light intensity unit lux, HBGL) group and blue-
green LED light (light intensity unit clux, PBGL)
group were significantly higher than the IgM content of
layer chickens under white LED light (light intensity
unit lux,WL) group (P < 0.05), and there was no signif-
icant difference in the content of IgA and IgG of the
layer chickens in each group. At 13 wk of age, the IgA
content of chickens in the PBGL group was significantly
higher than that of chickens in WL group (P < 0.05),
and there was no significant difference in the content of
IgG and IgM of the chickens in each group.
The results of this research are inconsistent with a

previous study on the promotion of blue-green light on
IgG content (Wei et al., 2020), which may be caused by
different lighting environments. However, the total Ig
content of the HBGL group and the PBGL group was
higher than that of the WL group, which is consistent
with the research results of Xie et al. (2008a),
Zhang et al. (2014) and Hassan et al. (2013), that blue
and green light can promote the immune performance of
laying hens. This is because laying hens tend to be quiet
under blue and green light, and have little stress
response to the environment, which may lead to
increased overall immunoglobulin concentration and
enhanced immune performance. In addition, there are 2
ways of light acting on poultry: visual effects and nonvi-
sual effects (J�acome et al., 2014). During the brooding
and early rearing periods of laying hens, the effects of
lighting on the physiology and welfare of layer chickens
are mediated predominantly by vision. Moreover,
research on the effects of different light color on laying
hens have conflicting results (Pyrzak et al., 1987;
Wei et al., 2020). The reason may be that the light inten-
sity was not controlled in past studies of the light color
on poultry behavior, physiology, and production, or the
light intensity was measured in an energy unit or lux.
Serum immunoglobulin (IgA, IgG, and IgM) are

important indicators of the functional status of the
uman and poultry) on the immune performance of layer chickens. (A)
), HBGL: blue-green LED light (lux), and PBGL: blue-green LED light
erent weeks, different capital letters indicate significant differences (P <
ily production management, and the unit was lux. The value of the light
it of which was clux.
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body's humoral immune system; their content can show
the strength of the immune function, and they play an
important role in immune regulation and defense against
infection (Narat, 2003). IgA plays an important role in
protecting the body's intestines, respiratory tract, and
eyes against microbial infections (Lillehoj and
Trout, 1996; Carsetti et al., 2010); IgG's main role is
antibacterial, antiviral, and neutralizing toxins, and it
plays an important role in anti-infection (Lillehoj and
Trout, 1996; Narat, 2003); and IgM combines to dissolve
pathogenic bacteria to achieve immune effects
(Larsson et al., 1993; Ratcliffe, 2006). Blue-green light
has a significant effect on the immune performance of
the layer chickens, but whether it will continue to affect
the immune performance of the laying hens remains to
be explored.
Effects of Blue-Green Lights With Two
Perceived Illuminance (Human and Poultry)
on the Skeletal Development of Layer
Chickens

The influence of blue-green lights with 2 perceived
illuminance (human and poultry) on the bone parame-
ters of the layer chicken is shown in Table 2. The tibial
bone mineral density (BMD), bone mineral content
(BMC), and bone area (BA) of laying hens increased
as the pullets aged (P < 0.01). At 7 wk of age, the BMD
of layer chickens in the white LED light (light intensity
unit lux, WL) group was significantly higher than that
of the blue-green LED light (light intensity unit lux,
HBGL) group (P < 0.05), and there was no significant
difference in the BMC and BA of the pullets in each
group. At 13 wk of age, the BMD of the pullets in the
WL group was significantly higher than that in the blue-
green LED light (light intensity unit clux, PBGL)
group (P < 0.05); there was no significant difference in
the BMC of the pullets in each group, and the BA con-
tent of pullets in the PBGL group was significantly
higher than in the WL group (P < 0.05).

BMD is a biophysical parameter with experimental
and clinical significance; it is an important indicator of
bone quality and can reflect bone development
(Riczu et al., 2004; Amoroso et al., 2013), and it is posi-
tively correlated with bone strength (Mccoy et al.,
1996). The research results show that white LED light
can improve bone mineral density, probably because
Table 2. Effects of blue-green lights with two perceived illuminance (h

Age (Wk) Treatment Bone mineral density (g/cm2)

7 WL 0.153 § 0.002a

HBGL 0.146 § 0.002b

PBGL 0.151 § 0.001ab

13 WL 0.177 § 0.001a

HBGL 0.174 § 0.002ab

PBGL 0.172 § 0.001b

WL: white LED light (lux), HBGL: blue-green LED light (lux), and PBGL:
a,bWithin a column at the same age, different lowercase letters indicate signi

were set according to daily production management, and the unit was lux. The
and HBGL, the unit of which was clux.
white light belongs to full-wavelength light, and the
long-wavelength light part contains higher energy,
which can directly pass through the skull of the layer
and act on the hypothalamus, synthesizing estradiol
(E2) that is essential for stimulating the switch from
structural bone to medullary bone deposition of calcium
in bones, such as the tibia (Baxter et al., 2014;
B�ed�ecarrats, 2015; Bain et al., 2016; Takeshima et al.,
2019). In this study, blue-green LED light (light inten-
sity unit lux) did not increase bone parameters, which is
inconsistent with previous results of high illumination
light increasing chicken activity and enhancing bone
quality (Renema and Robinson, 2001; Li et al., 2018),
which may be due to the chicken ages, breed, and differ-
ent light sources.
Figure 4 shows the effect of blue-green lights with two

perceived illuminance (human and poultry) on the
weight and strength of the tibia of the layer chickens.
The weight and strength of the tibia of the layer chick-
ens was significantly affected by age (P < 0.01). At 7
and 13 wk of age, there was no significant difference in
the tibia weight of the pullets in each group. At 7 wk of
age, there was no significant difference in the tibia
strength of the pullets in each group. At 13 wk of age,
the tibia strength of pullets in the WL group was signifi-
cantly higher than the tibia strength of pullets in the
HBGL and PBGL groups (P < 0.05).
The results of this research are inconsistent with pre-

vious observations that high-illuminance light stimu-
lated the activity of laying hens and increased bone
strength (Pang et al., 1974; Newberry et al., 1988).
There may be a threshold between the light color and
the light intensity. Only when this range is exceeded,
the laying hens will make corresponding physiological
and behavioral responses to the light (Prayitno et al.,
1997). Studies have shown that the direct cause of oste-
oporosis in laying hens is low activity in caged laying
hens rather than malnutrition (Rennie et al., 1997;
Bishop et al., 2000). Therefore, it is far from enough to
prevent osteoporosis by simply supplementing feed
nutrition. Light environment regulation is one of the
effective methods to increase the activity of laying
hens, which can achieve the effect of preventing osteo-
porosis. Previously results demonstrated that the bone
development of layers during pullet rearing determined
subsequent production performance and mortality
(Fleming et al., 2003; Hester et al., 2011). Thus, by
advancing early bone growth of chicks through light
uman and poultry) on the bone parameters of layer chickens.

Bone mineral content (g) Bone mineral area (cm2)

0.830 § 0.030a 5.53 § 0.09a

0.746 § 0.069a 5.16 § 0.34a

0.810 § 0.020a 5.54 § 0.07a

1.336 § 0.048a 7.52 § 0.11b

1.360 § 0.063a 7.73 § 0.11ab

1.366 § 0.018a 8.05 § 0.06a

blue-green LED light (clux). Data are presented as the means § SE.
ficant differences (P < 0.05). Light intensities in the WL and HBGL groups
value of the light intensity in the PBGL group was the same as that in WL



Figure 4. Effects of blue-green lights with two perceived illuminance (human and poultry) on tibia weight and strength of layer chickens. (A)
Tibia weight; (B) Tibia strength. WL: white LED light (lux), HBGL: blue-green LED light (lux), and PBGL: blue-green LED light (clux). Data are
presented as the means§ SE. A, B: Within a column in different weeks, different capital letters indicate significant differences (P < 0.05). Light inten-
sities in the WL and HBGL groups were set according to daily production management, and the unit was lux. The value of the light intensity in the
PBGL group was the same as that in WL and HBGL, the unit of which was clux.
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stimulation will have long-term health benefits in
reducing osteoporosis in laying hens at the end of the
laying period.
Effects of Blue-Green Lights With Two
Perceived Illuminance (Human and Poultry)
on the Expression of Related Genes in Layer
Chickens

The effect of blue-green lights with 2 perceived illumi-
nance (human and poultry) on the expression of
Figure 5. Effect of blue-green lights with two perceived illumi-
nance (human and poultry) on the spleen IgG-g mRNA express of layer
chickens. WL: white LED light (lux), HBGL: blue-green LED light
(lux), and PBGL: blue-green LED light (clux). Data are presented as
the means § SE. A, B: Within a column in different weeks, different cap-
ital letters indicate significant differences (P < 0.05). Light intensities in
the WL and HBGL groups were set according to daily production man-
agement, and the unit was lux. The value of the light intensity in the
PBGL group was the same as that in WL and HBGL, the unit of which
was clux.
immunoglobulin G-g (IgG-g) in the spleen of layer
chickens is shown in Figure 5. The IgG-g mRNA expres-
sion level was significantly affected by the chickens’ age
(P < 0.01). In terms of gene expression, at 7 wk of age,
there was no significant difference in the spleen IgG-g
mRNA expression of each group of pullets. At 13 wk of
age, the expression level of IgG-g mRNA in the spleen of
pullets in the white LED light (light intensity unit lux,
WL) group was significantly higher than that in the
blue-green LED light (light intensity unit lux, HBGL)
group (P < 0.01), and the expression level of IgG-g
mRNA in the spleen of pullets in the blue-green LED
light (light intensity unit clux,PBGL) group was signif-
icantly higher than that in the HBGL group (P < 0.01).
The spleen is the largest peripheral lymphoid organ in

chickens, and it is mainly involved in humoral and cellu-
lar immunity (Zhang et al., 2019). IgG-g mRNA
expressing cells can be observed in spleen sections
(Zheng et al., 2000). However, there was no significant
difference in the immunoglobulin G of the pullets in this
paper, which may be because the expression of spleen
IgG-g mRNA is more involved in the body's cellular
immunity (Lewis et al., 2019; Song et al., 2021).
Figure 6 shows the expression of the osteoprotegerin

gene (OPG mRNA) in the tibia of each group of pullets
at different weeks. The tibia OPG mRNA expression
level was not significantly affected by chicken age. The
results showed that at 7 and 13 wk of age, the expression
level of the OPG gene in the tibia of the WL group was
significantly higher than that of the HBGL and PBGL
groups (P < 0.05).
The effect of WL on the tibia OPG gene expression

level may be caused by different spectral composition.
WL contains a higher proportion of long-wavelength
light, which can activate the hypothalamo-pituitary-
gonadal (HPG) axis (Prayitno et al., 1997;
B�ed�ecarrats, 2015; Bain et al., 2016), that indirectly
influence inducing osteoclast differentiation and



Figure 6. Effect of blue-green lights with two perceived illumi-
nance (human and poultry) on tibia OPG mRNA express of layer chick-
ens. WL: white LED light (lux), HBGL: blue-green LED light (lux),
and PBGL: blue-green LED light (clux). Data are presented as the
means § SE. A, B: Within a column in different weeks, different capital
letters indicate significant differences (P < 0.05). Light intensities in
the WL and HBGL groups were set according to daily production man-
agement, and the unit was lux. The value of the light intensity in the
PBGL group was the same as that in WL and HBGL, the unit of which
was clux.

TWO PERCEIVED ILLUMINANCE BLUE-GREEN LIGHTS AND LAYER CHICKENS 7
activation, and regulating OPG gene expression
(Kong et al., 1999; Takeshima et al., 2019). Osteoprote-
gerin, also known as an osteoclast inhibitor, is mainly
involved in the regulation of bone cells and bone resorp-
tion in the body, and OPG gene expression is positively
correlated with bone density and bone mass
(Benoit, 1964; Boyce and Xing, 2008). In this study, the
OPG gene expression, bone mineral density, and bone
strength of the pullets in the WL group increased signifi-
cantly. It therefore follows that WL may promote the
skeletal development of pullets by promoting the expres-
sion of the OPG gene in the tibia.
Figure 7. Effect of blue-green lights with two perceived illuminance (hu
express of layer chickens. (A) Hypothalamus OPN4 mRNA; (B) Pineal gla
light (lux), and PBGL: blue-green LED light (clux). Data are presented as th
letters indicate significant differences (P < 0.05). Light intensities in the WL
and the unit was lux. The value of the light intensity in the PBGL group was
Figure 7 shows the effect of blue-green lights with 2
perceived illuminance (human and poultry) on the
expression of the melanopsin (OPN4) gene in the hypo-
thalamus and pineal gland of layer chickens. The expres-
sion level of the OPN4 gene in the hypothalamus and
pineal gland of layer chickens were significantly affected
by age (P < 0.01). According to the results of fluores-
cence real-time quantitative PCR, at 7 wk of age, the
expression of OPN4 mRNA in the pineal gland of the
HBGL group was significantly higher than that of the
PBGL group, and the expression of OPN4 mRNA in the
hypothalamus of the HBGL group was significantly
higher than that of the WL group (P < 0.05). At 13 wk
of age, the OPN4 mRNA expression of the pineal gland
of the HBGL group was significantly higher than that of
the PBGL group, and the hypothalamic OPN4 mRNA
expression of the WL group and HBGL group were sig-
nificantly higher than that of the PBGL group (P <
0.05).
The results of this paper are consistent with the previ-

ous research that chicken melanopsin cOPN4-1S and
cOPN4-2L have blue-sensitive photopigments
(Torii et al., 2007). However, the expression of OPN4
mRNA in the pineal gland and hypothalamus of the
PBGL group did not increase significantly, possibly
because the perceived light intensity did not reach the
threshold for stimulating the pineal gland and hypothal-
amus (Prayitno et al., 1997). In poultry, there are 2 pho-
toreceptors, called retinal photoreceptors on the retina
(in the eye) and extra-retinal photoreceptors (in the
pineal gland and the hypothalamus) (Kumar et al.,
2004), that will coordinate light spectrum responses
(Hanlon et al., 2020). Furthermore, an absorption spec-
trum with OPN4 was between 410 and 480 nm, and the
maximum spectral absorption predicted reaching deep
brain perception was 492 nm (Foster and Follett, 1985;
Hanlon et al., 2020). Thus, blue light (lux) can't affect
man and poultry) on the hypothalamus and pineal gland OPN4 mRNA
nd OPN4 mRNA. WL: white LED light (lux), HBGL: blue-green LED
e means§ SE. A, B: Within a column in different weeks, different capital
and HBGL groups were set according to daily production management,
the same as that in WL and HBGL, the unit of which was clux.
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OPN4 expression by directly stimulating the deep brain.
But after poultry are exposed to light, firstly, through
the mediation of melanopsin, then, integrating the
incoming information of cone cells and rod cells, the light
response process of the nonvisual imaging system is initi-
ated in the body to produce different physiological
responses (Bailey and Cassone, 2005; Torii et al., 2007).
However, the interaction and specific underlying mecha-
nisms of light on retinal and extracretinal receptors in
chickens have yet to be determined.

Melanopsin is a photoreceptor pigment protein
expressed by autonomous photoreceptor ganglion cells,
and it is expressed in poultry retina, hypothalamus,
pineal gland, and suprachiasmatic nucleus
(Chaurasia et al., 2005). Among them, the vertebrate
melanopsin encoding genes are OPN4-1 (OPN4x or
OPN4a) and OPN4-2 (OPN4m or OPN4b), and
only OPN4-2 is expressed in mammalian retina, while
poultry retina expresses OPN4-1 and OPN4-2
(Kumar et al., 2007). And the transcription of OPN4-1
and OPN4-2 genes in the pineal gland of chickens not
only showed significant circadian rhythm
(Holthues et al., 2004), but also showed tissue difference
(Tomonari et al., 2007). In addition, the expression of
melanopsin is also related to the synthesis of melatonin
(MEL) (Lucas, 1999), and the secretion of MEL affects
the body's biological rhythm and immune function
(Holthues and Vollrath, 2004; Xie et al., 2008a,b).
Therefore, blue-green LED light (light intensity unit
lux, HBGL) may increase the content of melanopsin by
promoting the expression of the OPN4 gene expression
in the hypothalamus and pineal gland, and cooperate
with melatonin to positively regulate the physiological
metabolism and growth and development of the pullets.
In addition, the results of this study can also provide a
theoretical basis for how the blue-green light affects the
immune function of laying hens.
CONCLUSIONS

Blue-green LED light (light intensity unit lux and
clux) can increase the immunoglobulin content of layer
chickens (0−13 wk old), white LED light (light intensity
unit lux) can increase the bone mineral density and bone
strength of the tibia by promoting the expression of tib-
ial osteoclastogenesis inhibitory factor (OPG) mRNA,
and blue-green LED light (light intensity unit lux) can
increase the expression of melanopsin (OPN4) mRNA in
the hypothalamus and pineal gland. In summary, blue-
green LED light with two perceived illuminance (light
intensity unit lux and clux) can improve the immune
function of layer pullets, but blue-green LED light (light
intensity unit lux) can promote the expression of OPN4
gene in the hypothalamus and pineal gland. In addition,
white LED light (light intensity unit lux) increases the
expression of OPG genes in the tibia to elevate bone
quality. This result can provide a theoretical basis for
the selection of suitable light for the brooding and early
rearing periods of laying hens.
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