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ABSTRACT The behavior, growth and development,
and production performance of poultry are affected by
the light environment. The influence of light results from
a combination of light sources, light intensity, light color,
and the photoperiod regimen. With light-emitting diode
(LED) lamps applied in poultry housing systems, specific
light colors are desired for each time period for layer
chickens. The objective of this study was to investigate
the effects of a 2-phase mixed color lighting program
(phase 1: blue-green, 1 D–13 wk; phase 2: yellow-orange,
14–20 wk) using LED lights on the blood parameters,
skeletal development parameters, and sexual develop-
ment parameters of caged layer chickens during their
brooding and rearing periods. Fifty-two chickens were
raised from 1 D to 20 wk of age in each of the 4 treatment
groups with 3 replicates, with white (400–700 nm) light
at phase 1 and phase 2 (WL treatment as the control);
blue–green (435–565 nm) light at phase 1 followed by
yellow–orange (565–630 nm) light at phase 2 (BG-YOL
treatment); yellow–orange LED (565–630 nm) light at
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phase 1 and phase 2 (YOL treatment); and blue–green
(435–565 nm) light at phase 1 and phase 2 (BGL treat-
ment). The results showed that the serum Ig concen-
trations of the layer chickens in the BG-YOL treatment
and BGL treatment were higher than those in the WL
treatment at 13 wk of age (P, 0.05). At the age of 20 wk,
the serum glucose concentration levels of the pullets after
theWL and BGL treatments were lower than those after
the YOL treatment (P , 0.05). Compared with the WL
treatment, the YOL treatment significantly increased
the bonemineral density of the layer chickens (P, 0.05),
and BG-YOL treatment promoted the development of
the sexual organs (oviducts and ovaries) of the laying
hens at the age of 20 wk (P , 0.05). For the 50% egg
production age, the YOL treatment was earlier than the
other 3 treatments. This study demonstrated that
appropriately staged spectral control using LED lights
could have positive effects on the immune performance,
bone development, and production performance of caged
layer chickens during their brooding and rearing periods.
Key words: pullet, light-emitting diode, spect
rum, growth and development, growing period

2020 Poultry Science 99:4695–4703
https://doi.org/10.1016/j.psj.2020.06.072
INTRODUCTION

Lighting is one of the essential environmental factors
in confined poultry houses. Light not only provides illu-
mination for the poultry but also influences their phys-
iological responses, behavior, growth and development,
and production performance (Lewis and Morris, 1998;
Olanrewaju et al., 2006; Parvin et al., 2014; Borille
et al., 2015). Currently, owing to the high energy effi-
ciency, long working life, availability in different peak
wavelengths, low electricity consumption, and low rear-
ing cost (Hassan et al., 2013, 2014; Huber-Eicher et al.,
2013; Sultana et al., 2013a,b; Liu et al., 2017), light-
emitting diodes (LED) are gradually becoming a substi-
tute for conventional incandescent and fluorescent
lights for lighting in poultry houses (Yang et al.,
2016; Li et al., 2018).

The quantity (intensity) and quality (color) of light
are 2 important factors affecting poultry productivity
(Manser, 1996; Prayitno et al., 1997; Parvin et al.,
2014; Elkomy et al., 2019). Some researchers have
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Figure 1. Oblique view of the 4 treatments in 1 chamber. Abbrevia-
tion: LED, light-emitting diode.
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indicated that high light intensity could increase
poultry activity, feather pecking and cannibalism,
and sexual development (Prayitno et al., 1997;
Renema and Robinson, 2001; Shi et al., 2019) and
increasing light intensity can reduce leg disease and to-
tal egg production of poultry (Newberry et al., 1988;
Lewis and Morris, 1999). Light color is defined by
the wavelength and can produce variable effects on
poultry performance. Lights of different wavelengths
have various stimulatory effects on the retina and
can result in behavioral changes that affect the growth
and development of chickens (Xie et al., 2008b).
Studies have shown that blue and green light can
improve the growth of layer chickens, help to calm
them down, promote their immune performance (Xie
et al., 2008a,b; Hassan et al., 2013; Zhang et al.,
2014), and improve egg quality (Er et al., 2007). Red
light has been shown to increase the levels of reproduc-
tive hormones, promote the development of sexual or-
gans, influence the age of sexual maturity (SM) of
pullets (Gongruttananun, 2011; Min et al., 2012;
Hassan et al., 2013), improve production performance
(Pyrzak et al., 1987; Min et al., 2012), and influence
feather pecking and cannibalism (Rozenboim et al.,
2004).

Blue–green light stimulated growth of chickens,
whereas orange–red light stimulated reproduction devel-
opment (Rozenboim et al., 1999). Moreover, many color
LED lamps are currently available to meet the light
environmental requirements of modern poultry houses
(Rozenboim et al., 1998). The growing period for pullets
can be divided into several different periods in accor-
dance with their growth and development. In previous
studies, the researchers reported that the effect of mono-
chromatic light on the growth and development of the
poultry was age related (Rozenboim et al., 1999). The
white LED and monochrome LED lights that are widely
applied in poultry production (Hassan et al., 2013, 2014;
Liu et al., 2017) likely do not meet the requirements for
the welfare and health of layer chickens, especially for
the brooding and rearing periods (0–20 wk of age),
when phased spectral control could be required to meet
the growth of the immune and digestion system or skel-
etal and sexual development over the increasing chickens
age.

We hypothesized that different color LED lights given
during different growing phases would promote the
growth and sexual development of layer chickens. How-
ever, there is limited information available regarding the
effects of staged spectral control on the performance of
layer chickens, especially during the brooding and rear-
ing periods. A greater understanding of these effects
could encourage industry to further use light to improve
the production efficiency.

The objectives of this study were to evaluate the ef-
fects of a 2-phase mixed color lighting program using
LED lights on the blood parameters, skeletal develop-
ment parameters, and sexual development parameters
in caged laying hens during their brooding and rearing
periods.
MATERIALS AND METHODS

Hens and Treatments

All the layer chickens in this experiment were
managed by trained staff with standing guidelines for
the Jinghong laying hens (Beijing Yukou Poultry Co.,
Ltd., Beijing, China). Fifty-two layer chickens in the 4
treatment groups were raised from 1 D to 20 wk of
age, which were divided into phase 1 (1 D–13 wk of
age) and phase 2 (14 wk–20 wk of age) with 3 replicates.
The 4 treatments were white (400–700 nm) light at
phase 1 and phase 2 (WL treatment as the control);
blue–green (435–565 nm) light at phase 1 followed by
yellow–orange (565–630 nm) light at phase 2 (BG-YOL
treatment); yellow–orange LED (565–630 nm) light at
phase 1 and phase 2 (YOL treatment); and blue–green
(435–565 nm) light at phase 1 and phase 2 (BGL
treatment).
Each treatment had 4 cages (length!width! height,

72 cm! 65 cm! 40 cm) distributed at the 4 tiers of the
stacked cage system, and the 4 different treatments were
randomly assigned in 1 of the 3 chambers (each chamber
was a replicate) (Figure 1 and Figure 2). A shading cloth
was installed between the adjacent individual cages to
avoid unintended irradiation to the hens from the lamps
in the other cages. The surface of the light was wipedwith
75% alcohol regularly to avoid excessive dust affecting
the light intensity. The samephysical design and environ-
mentalmanagement in each chamber ensured similar and
appropriate conditions in the 3 chambers.
The air temperature and the relative humidity of the

3 chambers were maintained between 16�C and 36�C



Figure 2. The experimental treatment arrangements in the study. Abbreviations: BG-YOL group, blue–green (435–565 nm) light at phase 1
(1 D–13 wk) followed by yellow–orange (565–630 nm) light at phase 2 (14–20 wk); BGL group, blue–green (435–565 nm) light at phase 1
(1 D–13 wk) and phase 2 (14–20 wk); WL group, white (400–700 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–20 wk); YOL group,
yellow–orange LED (565–630 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–20 wk).
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and between 40 and 60%, respectively, during the whole
experiment, following the same environmental require-
ments for the birds at different ages. Specific colored
light was provided by the LED light tubes (220 V
15 W; Huazhaohong Optoelectronic Technology Co.,
Ltd., Wuxi, China) in each chamber. The light inten-
sity, as measured by an illuminometer (SRI 2000;
Shangze photoelectric Co., Ltd., Hsinchu, Taiwan,
China), was averaged at 5 to 60 lux at the level of the
birds’ head in the middle of each tier of cages, which
was adjusted with the age of the layer chickens. The
spectral characteristics involved in this study are shown
in Figure 3. Hens were fed restrictively twice per day at
08:00 am and 02:00 pm, and unlimited water was pro-
vided during the whole experiment period. The photo-
period and light intensity in this experiment are
shown in Table 1.
Blood Sample Collection and Analysis

We collected blood samples in anticoagulant blood
containers from the right jugular vein of the same 1
bird, which was randomly chosen in each cage (12 birds
for each treatment) at the ages of 7 wk (50 D), 13 wk
(92 D), and 20 wk (141 D) during the experiment. The
collected samples were stored under conditions of
220�C before being delivered to Beijing Huaying
Biotechnology Research Institute (Beijing, China) for
tests the same day. The Ig G (IgG) levels were deter-
mined at the age of 7, 13, and 20 wk. The glucose
(GLU), total protein, triglyceride (TG), phosphorus
(P), and calcium (Ca) contents were measured at the
age of 20 wk.
Figure 3. Spectral characteristics: (A) white light-emitting diode light (W
light-emitting diode light (YOL).
Bone Sample Collection and Analysis

A bird was randomly selected from each cage (12 birds
for each treatment) and euthanized at the age of 7, 13,
and 20 wk during the experiment. The left tibia was
immediately removed, and the tibia traits (bone mineral
density [BMD], bone mineral content [BMC], and bone
area [BA]) were detected by a dual-energy X-ray BMD
instrument (Lunar-iDXA; GE Healthcare, Madison,
WI).

Sexual Organ Sample Collection and
Analysis

Six layer chickens were randomly selected from each
treatment group and were killed humanly by neck dislo-
cation. Then, the length and weight of the oviduct and
the weight of the ovary were recorded at the age of
20 wk. The age of the first chicken and of 50% of chickens
starting to lay eggs in each treatment was recorded.

Statistical Analysis

The data are presented as the means 6 SE. All statis-
tical analyses were performed using linear mixed models
parameterized with SPSS (IBM SPSS Statistics 22.0,
New York, NY). The linear mixed model included the
chamber, the cage, the sample order, the sampling
week, the light treatment, and the interaction between
the week and the light treatment (week ! light treat-
ment). The effects in the statistical model were tested
simultaneously, and the effects were removed from the
original model when they were not significant. When
the effect was statistically different (P , 0.05), further
L); (B) blue-green light-emitting diode light (BGL); (C) yellow-orange

mailto:Image of Figure 2|eps
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Table 1. Photoperiod and light intensity in this experiment.

D/Wk Photoperiodic (h)
Light

intensity (lux) D/Wk Photoperiodic (h)
Light

intensity (lux)

1w3 24 40w60 6 wk 12 5w10
4w7 D 22 40w60 7 wk 10 5w10
2 wk 20 20w40 8w13 wk 9 5w10
3 wk 18 10w20 14w18 wk 9 5w10
4 wk 16 5w10 19 wk 10 10w20
5 wk 14 5w10 20 wk 11 10w20

WEI ET AL.4698
analysis was needed. One-way repeated measures
ANOVA was applied for post hoc group comparisons.
RESULTS AND DISCUSSIONS

Blood Parameters

It is well known that antibodies, such as Ig, are an
important component of the body’s humoral immune
system to protect the body from bacteria and viruses
(Narat, 2003). The Ig concentrations reflect the perfor-
mance of the immune system. Figure 4 shows the
changes in the IgG level of the layer chickens under
different LED light treatments. No significant differ-
ences in IgG concentration levels in the pullets were
found in the different treatment groups at 7 wk and
20 wk of age (P . 0.05). Our results are not consistent
with a previous result where the immune function of
hens in the red light group was significantly greater
than in the green and blue light groups (Scott and
Siopes, 1994). One main reason might be the difference
in the light sources, photostimulation time, and chicken
breed (we used local mountainous laying hens). Only
when these factors get a certain threshold, the layer
chickens may make a full response to the stimulation
of the light spectrum. However, at 13 wk of age, the
IgG contents from the BGL group and the BG-YOL
Figure 4. The effect of different mixed color LED treatments on
serum IgG content in laying hens. Data are presented as means 6 SE.
A, BDifferent capital letters within a column indicate significant differ-
ences at same week of age (P , 0.05). Abbreviations: BG-YOL group,
blue–green (435–565 nm) light at phase 1 (1 D–13 wk) followed by
yellow–orange (565–630 nm) light at phase 2 (14–20 wk); BGL group,
blue–green (435–565 nm) light at phase 1 (1 D–13 wk) and phase 2
(14–20 wk); LED, light-emitting diode; WL group, white (400–
700 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–20 wk); YOL
group, yellow–orange LED (565–630 nm) light at phase 1 (1 D–13 wk)
and phase 2 (14–20 wk).
group were higher than that for the WL group. This
confirms the results of a previous study where the im-
mune function of poultry was affected by light color
(Rozenboim et al., 1999; Cao et al., 2008), and blue
light has been shown to enhance the immune response
(Xie et al., 2008a; Hassan et al., 2013; Zhang et al.,
2014). These results might have been due to the calm-
ing effect of the blue treatment on chicken activity
(Prayitno et al., 1997). Moreover, blue light would alle-
viate the negative effects induced by the stress response,
subsequently leading to a well-balanced immune
response status. Hence, blue light may play a vital
role in alleviating the stress response and improve the
immune level in poultry (Xie et al., 2008a). Light color
can affect the immune performance of chickens in the
early part of the rearing period and may subsequently
influence the mortality of layers during the laying
period.
In addition, the photoreceptors in the hypothalamus

of the poultry are more sensitive to blue and green light
than red light (Osorio and Vorobyev, 2008). Pullets
receive external light mainly through the eyes (Hart,
2001) during their growing periods. The retina receptors
in the eye respond to spectral stimuli easily to form
vision and arrive at the hypothalamus to adjust the
circadian rhythm and promote the growth of birds.
Thus, we concluded that short-wavelength (blue and
green) light through the eye, arriving at the hypothala-
mus, helped the chickens remain calm and quiet and
reduced the response on the environment, promoting
the immune performance of the pullets. Some studies
thought that the light color might affect the immune
function indirectly via hormonal intermediates, such as
affecting the melatonin or prolactin levels (Scott and
Siopes, 1994). However, the mechanism by which blue
and green light affects the immune performance of laying
hens remains to be studied.
The biochemical blood parameters of the laying hens

during the full trial period (0–20 wk of age) are summa-
rized in Table 2. The total protein content at 20 wk of
age significantly differed between the BGL group and
the other 2 treatments (the BG-YOL group and YOL
group). This did not correspond to the results of the
study by Hassan et al. (2013). These might be because
of the differences in the photoperiod or time of exposure
to the different light combinations or the age of the layer
chickens. In addition, the increasing of TP content level
enhances the body immunity.
At the age of 20 wk, the blood GLU concentrations

were improved after the YOL group treatment, which



Table 2. The effects of different mixed color light-emitting diode (LED) lights on the
biochemical blood parameters of laying hens at 20 wk of age.

Parameter

Treatment group

WL group BG-YOL group YOL group BGL group

TP (g/L) 39.54 6 0.86a,b 37.59 6 0.84b 37.91 6 1.11b 40.67 6 0.84a

GLU (mmol/L) 15.82 6 0.18a 15.53 6 0.37a,b 15.71 6 0.15a 14.92 6 0.20b

TG (mmol/L) 13.49 6 2.10b 11.76 6 2.25b 13.09 6 2.92b 20.54 6 2.01a

Ca (mmol/L) 8.27 6 0.73b 7.91 6 0.74b 10.18 6 0.87a 9.64 6 0.43a,b

P (mmol/L) 4.33 6 0.16a,b 4.32 6 0.12a,b 4.06 6 0.16b 4.56 6 0.12a

a,bDifferent lowercase letters within a row indicate significant differences (P , 0.05).
Data are presented as means 6 SE.
Abbreviations: BG-YOL group, blue–green (435–565 nm) light at phase 1 (1 D–13 wk) fol-

lowed by yellow–orange (565–630 nm) light at phase 2 (14–20 wk); BGL group, blue–green (435–
565 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–20 wk); Ca, calcium; GLU, glucose; P,
phosphorus; TG, triglyceride; TP, total protein; WL group, white (400–700 nm) light at phase 1
(1 D–13 wk) and phase 2 (14–20 wk); YOL group, yellow–orange LED (565–630 nm) light at
phase 1 (1 D–13 wk) and phase 2 (14–20 wk).
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corresponded to the results of the study by Hassan et al.
(2013). One reason was that the hens raised under red
light were more active and generated more energy
(Sultana et al., 2013a,b). There were significant differ-
ences in the TG contents at 20 wk of age between the
BGL group and the other 3 groups. This may have
been caused by the calming effect of the short wave-
length on the poultry activity (Prayitno et al., 1997),
which would cause fat accumulation in the bodies of
laying hens. The decrease of activities and energy main-
tenance levels of hens would permit a greater proportion
of energy to become lipid (Renema et al., 2001).
The blood GLU and TG concentration levels were

previously used for stress indicators and as an indicator
of the welfare status of hens (Yilmaz Dikmen et al.,
2016). Therefore, we can see that blue and green light
could improve the health and welfare of laying hens
during the brooding and rearing periods. At 20 wk of
age, the YOL treatment increased the serum Ca con-
centrations and decreased the serum P concentrations,
which was consistent with the previous research that
both Ca and P showed antagonism effects (Li et al.,
Table 3. The effects of different mixed color LED tre
during the brooding and rearing periods.

Age (wk) Treatment group
Bone mi

density (g

7 WL 0.144 6 0
BG-YOL 0.143 6 0
YOL 0.142 6 0
BGL 0.141 6 0

13 WL 0.169 6 0
BG-YOL 0.171 6 0
YOL 0.172 6 0
BGL 0.169 6 0

20 WL 0.206 6 0
BG-YOL 0.210 6 0
YOL 0.215 6 0
BGL 0.209 6 0

a–cDifferent lowercase letters within a column indicate si
Data are presented as means 6 SE.
Abbreviations: BG-YOL group, blue–green (435–565 nm

(565–630 nm) light at phase 2 (14–20 wk); BGL group, blue
phase 2 (14–20 wk); LED, light-emitting diode; WL group,
phase 2 (14–20 wk); YOL group, yellow–orange LED (565–
20 wk).
2014b). On the other hand, the increase of Ca absorp-
tion can promote the skeleton mineralization (Zhang
et al., 2006). When the serum Ca concentration de-
creases, Ca is mobilized from the bones to maintain
the physiological blood level (Amoroso et al., 2013).
Therefore, YOL may be useful for the skeleton growth
and development of layer chickens by increasing the
serum Ca concentrations during the brooding and rear-
ing periods. However, whether this would have any
long-term health benefits in reducing osteoporosis in
laying hens at the end of the laying period is unclear,
and a large amount of trial data is needed to confirm
this experimental result.
Skeletal Development Parameters

The effect of different mixed color LED lights on the
skeletal parameters of laying hens during the brooding
and rearing periods is shown in Table 3. The BMD,
BMC, and BA were often used as important indicators
to evaluate the bone status (Park et al., 2003). Table 3
shows that the BMD level of the laying hens during
atments on the skeletal parameters of laying hens

neral
/cm2)

Bone mineral
content (g) Area (cm2)

.002 0.76 6 0.02 5.27 6 0.14b

.002 0.79 6 0.03 5.49 6 0.14a

.001 0.75 6 0.02 5.26 6 0.13b

.002 0.78 6 0.03 5.57 6 0.18a

.002 1.33 6 0.03 7.87 6 0.13a

.003 1.32 6 0.04 7.70 6 0.16b

.001 1.29 6 0.02 7.51 6 0.09c

.003 1.29 6 0.03 7.62 6 0.14b

.005b 1.64 6 0.05a 7.92 6 0.09a

.004a,b 1.57 6 0.06b 7.47 6 0.23c

.003a 1.64 6 0.06a 7.60 6 0.26b

.002a,b 1.66 6 0.04a 7.97 6 0.17a

gnificant differences at same week of age (P , 0.05).

) light at phase 1 (1 D–13 wk) followed by yellow–orange
–green (435–565 nm) light at phase 1 (1 D–13 wk) and
white (400–700 nm) light at phase 1 (1 D–13 wk) and
630 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–
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the brooding and rearing periods increased as the birds
aged. There were no significant changes in the BMD be-
tween 7 and 13 wk of age. However, at 20 wk of age, the
BMD of the layer chickens in the YOL group was more
than the BMD of the layer chickens in the WL group.
No significant difference in the BMC level was detected
in the different treatment groups at 7 and 13 wk of age
(P . 0.05).

At 20 wk of age, the BMC level of the layer chickens in
the BG-YOL group was more than that of the layer
chickens in other 3 groups. A significant difference in
the BA level was detected in the different groups at 7,
13, and 20 wk of age. However, there are no obvious con-
clusions regarding the BA level of the hens over the
whole experiment. Previously published results demon-
strated that the bone development of chickens during
the brooding and rearing periods determined the egg
production performance and mortality in the late egg
production stage (Hester et al., 2011). In addition, the
BMD, a very important measure of bone quality, is usu-
ally proportional to the bone quality (Riczu et al., 2004)
and positively related to the bone breaking strength
(Mccoy et al., 1996).

Being raised in cages is the primary reason for osteopo-
rosis development in chickens (Rennie et al., 1997),
rather than nutrition, though poor nutrition (in terms
of Ca and P content or availability) may exacerbate
the osteoporosis condition (Bishop et al., 2000). Allow-
ing birds more exercise will improve their bone strength
(Whitehead and Fleming, 2000). Moreover, laying hens
raised under the red light were more active and per-
formed more walking behaviors (Sultana et al.,
2013a,b). Thus, we propose that YOL can increase the
activity of layer chickens to increase the BMD content.

Researchers proved that hens spent more inactive
time sitting or sleeping under blue light, whereas birds
illuminated with red light were more active and engaged
in more ground scratching behaviors (Hassan et al.,
2014; Sultana et al., 2013a,b). Hence, YOL could have
a positive effect on improving the bone quality of pullets.
However, longer-term studies and a larger sample size
are needed to validate that possibility.
Table 4.The effects of different mixed color LED treatmen
of age.

Age (wk) Treatment group
The leng

of oviduct

16 WL 10.07 6 0
BG-YOL 9.95 6 0
YOL 9.17 6 0
BGL 9.50 6 0

20 WL 42.42 6 7
BG-YOL 59.17 6 3
YOL 45.67 614
BGL 62.17 6 4

a,bDifferent lowercase letters within a column indicate signific
Data are presented as means 6 SE.
Abbreviations: BG-YOL group, blue–green (435–565 nm) ligh

630 nm) light at phase 2 (14–20wk); BGL group, blue–green (435–
LED, light-emitting diode; WL group, white (400–700 nm) light a
yellow–orange LED (565–630 nm) light at phase 1 (1 D–13 wk) a
Sexual Development Parameters

There were no significant changes in the development
of the sexual organs in different groups at the age of
16 wk (Table 4). At the age of 20 wk, the length of the
oviduct, the weight of the oviduct, and the weight of
the ovary of laying hens in the BG-YOL group were
more than those in the WL group. This disagrees with
the previously published results that gonadal develop-
ment was not affected by light color (Pyrzak and
Siopes, 1986); the difference in light sources, photope-
riod, light intensity, age, and nutrition may be the rea-
sons for the different observations of the 2 studies.
In addition, YOL can penetrate the skull of poultry to

the hypothalamus, stimulating hormone secretion
(Lewis and Morris, 2000). Therefore, when the light
stimulates the hypothalamus, the body secretes
gonadotropin-releasing hormone, which promotes the
secretion of follicle-stimulating hormone and luteinizing
hormone in the anterior pituitary and finally promotes
the development of the oviduct and ovary. All in all,
these sex hormones can enhance the growth and number
of ovarian follicles, which may be associated with the
rate of total egg production. However, the length and
weight of the oviduct of hens in the BGL groups were
higher than those of the hens in the YOL group. The
weight of the ovary of hens in the BGL groups were
similar to those of hens in the YOL group. In contrast,
some researchers reported that red light increased the
weights of reproductive organs (higher weight of the
ovary and oviduct) of laying hens (Reddy et al., 2012;
Li et al., 2014a). This might be owing to the influence
of the light color on the oviducts of poultry as a result
of the gonadal hormone concentrations and other hor-
mone levels or other physiological factors. We assumed
that BGL might affect the dietary behavior of hens to
promote the growth and development of the oviduct.
The sexual organs (oviduct and ovary) are only one
part of the reproductive traits, and the development of
the oviduct might not exactly reflect the overall sexual
development.
Unlike mammals, the nonvisual effects of hens are

more important than the visual effects, and the
ts on the sexual organs of laying hens at 16 and 20 wk

th
(cm)

The weight
of oviduct (g)

The weight
of ovary (g)

.46 1.8 6 0.17 0.9 6 0.12

.58 1.9 6 0.13 0.8 6 0.07

.45 1.8 6 0.11 0.9 6 0.09

.31 1.7 6 0.09 0.8 6 0.07

.18b 36.6 6 10.08b 19.0 6 6.21b

.83a 63.3 6 9.37a 25.0 6 6.46a

.09b 45.1 6 19.42b 20.2 6 8.85a,b

.56a 60.6 6 10.66a 22.6 6 5.46a,b

ant differences at same week of age (P , 0.05).

t at phase 1 (1 D–13 wk) followed by yellow–orange (565–
565 nm) light at phase 1 (1D–13 wk) and phase 2 (14–20 wk);
t phase 1 (1 D–13 wk) and phase 2 (14–20 wk); YOL group,
nd phase 2 (14–20 wk).



Table 5. The effects of different mixed color LED treatments on the reproduction performance.

Treatment group
The age of
first egg (D)

The age of
50% egg (D)

The age from first
egg to 50% egg (D)

WL 127 137 10
BG-YOL 124 133 9
YOL 126 133 7
BGL 121 135 14

Abbreviations: BG-YOL group, blue–green (435–565 nm) light at phase 1 (1 D–13 wk) followed by yellow–orange
(565–630 nm) light at phase 2 (14–20 wk); BGL group, blue–green (435–565 nm) light at phase 1 (1 D–13 wk) and
phase 2 (14–20 wk); LED, light-emitting diode; WL group, white (400–700 nm) light at phase 1 (1 D–13 wk) and phase 2
(14–20 wk); YOL group, yellow–orange LED (565–630 nm) light at phase 1 (1 D–13 wk) and phase 2 (14–20 wk).
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perception of light during reproduction does not depend
on the photoreceptors of the eye (J�acome et al., 2014).
Studies demonstrated that the photoreceptor of the hy-
pothalamus is a bioconverter that converts photon en-
ergy into nerve impulses, which affects and controls
the endocrine system of ovarian activity, which in turn
affects the reproductive, behavioral, and secondary sex-
ual characteristics of laying hens (Morris, 1973). Long-
wavelength light can pass through the skull more easily
than short-wavelength light and acts on the extraretinal
photoreceptors of the hypothalamus (Lewis and Morris,
2000; Mobarkey et al., 2010; Huber-Eicher et al., 2013).
Therefore, YOL is more likely to act on the hypothala-
mus than do BGL or WL, and this promotes the SM of
laying hens. In accordance with these results, we can
conclude that YOL can affect the reproductive develop-
ment of the pullets, and we predict that the productivity
of the layers may be affected by YOL.
Table 5 shows the effect of different mixed color LED

treatments on the reproduction performance. The 50%
egg production age of layer chickens in the BG-YOL
group and YOL group was earlier than the other 2
groups. The YOL group improved the production unifor-
mity, the BG-YOL group and the WL group were sec-
ond, and the BGL group was the last. These results
confirmed that long-wavelength (red, orange, and yel-
low) light can expedite the age of sexual maturation
and promote sexual development of poultry, whereas
short-wavelength (green) light can delay sexual matura-
tion (Liu et al., 2017; Elkomy et al., 2019), as the long
wavelength containing more energy would stimulate
extraretinal photoreceptors, which reflects on the pitui-
tary gland and deep brain and influences gonadal hor-
mone (follicle-stimulating hormone, luteinizing
hormone, and estradiol) secretion and the subsequent
rapid development of the oviduct and ovary to promote
egg laying (Hartwig and van Veen, 1979). However, the
regulation of gonadotropin secretion in poultry is very
complex (Li et al., 2014a). The mechanisms of how
monochromatic light affects reproduction in layer
chickens are still worth discussing.
Furthermore, researchers demonstrated that red, or-

ange, or yellow light, as long-wavelength radiation, can
pass through the hypothalamic extraretinal photorecep-
tors of poultry and stimulate the hypothalamus–
pituitary growth axis to release the related hormones
(Lewis and Morris, 2000), thereby having an acceler-
ating effect on activity stimulation, sexual development,
and the maturity of poultry (Baxter et al., 2014; Li et al.,
2014a). In addition, this may be owing to the photosti-
mulation of retinal photoreceptors, which are sensitive
to short-wavelength (purple, blue, and green) light and
appear to inhibit reproductive activity in birds
(Mobarkey et al., 2010, 2013), as well as inhibit iodopsin
(present in relatively large amounts in the chickens
(Crescitelli et al., 1964)), which also affects the sexual
development. The results in this study also supported
the aforementioned theoretical analysis.

However, the age of 50% of pullets starting to lay eggs
under blue and green light was earlier than those under
white light, which disagreed with the previous observa-
tion that short-wavelength light could delay the SM of
poultry (Min et al., 2012). There might exist a threshold
for visual sensitivity in poultry’s response to long-
wavelength radiation, where long-wavelength light ef-
fects may occur only when the intensity of the short-
wavelength light reaches a certain level (Benoit, 2006;
Liu et al., 2017). For example hypothalamic photorecep-
tors of poultry might be stimulated by lower wavelength
but high-intensity light is required to produce a clear
response (Pang et al., 1974). More research regarding
the comprehensive effect between light intensity and co-
lor on caged laying hens is needed to confirm the appro-
priate spectrum parameters.

The color and illumination intensity of light are
believed to affect reproduction and production of
poultry (Manser, 1996). Light sources of different wave-
lengths may be considered to have different intensities,
and therefore, it is difficult to separate the effects on
poultry of these 2 light characteristics (Prayitno et al.,
1997). In this study, long-wavelength light can promote
SM of chickens during the brooding and rearing periods,
but the subsequent reproductive performance and pro-
ductivity of layers during the egg laying period subjected
to different light color and light intensity is still worth
exploring.
CONCLUSIONS

Our results demonstrated that phased spectral control
using LED lights could be beneficial to the growth and
development of pullets. The BGL at phase 1 (0–13 wk
of age) increased the serum Ig concentrations and serum
GLU concentration levels of layer chickens. The YOL at
phase 2 (14–20 wk of age) increased the BMD concentra-
tions, promoted sexual organ (oviduct and ovary) devel-
opment, advanced the age of sexual maturation, and
improved the production uniformity of layer chickens.
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The results of this research should stimulate further
studies on the effects of the exposure of chickens to
different mixed color LED lights. To promote the welfare
and health of laying hens, further research is needed on
how the hormones in the serum and body are
synthesized.
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