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ABSTRACT Previous findings have reported that
providing light during incubation can affect hatchability
and chick quality. This study was conducted to investi-
gate the effects of providing light during incubation on
posthatch broiler production parameters, thermoregula-
tion and immune response. Lights with different wave-
lengths were used over the course of four separate
hatches. Ross 308 broiler hatching eggs were randomly
distributed into 4 lighting treatments for each hatch.
The incubation lighting treatments included: dark as
control, white, red, or blue lights for 12 h d! (200 lux at
egg level). Broilers hatched from each incubator with
the same gender were placed into one of 8 sets of pens (3
pens/set) and raised under 18 h d™' photoperiod. Six
birds per pen were immunized intraocularly with AviPro
ND-IB Polybanco vaccine on d 10 and 21 posthatch.
Chicks hatched under white and blue lights had heavier

(P < 0.05) body weight and higher (P < 0.05) feed con-
sumption than the control group during the first 6 h
postplacement. No differences in vent temperature were
found among treatments at 24 h posthatch (P > 0.05).
Chicks hatched with light stimulation however had
more stable (P < 0.05) cloaca temperature at 36 h post-
hatch. No differences in average body weight gain, feed
consumption or feed conversion ratio were found among
lighting treatments between d 7 and d 35. On d 14 of
age, birds hatched from red light had higher (P < 0.05)
total IgG concentration than those hatched under dark,
blue or white light. These results indicated that in ovo
light stimulation with different wavelengths did not
affect growth parameters of broilers at market age. Pro-
viding photoperiodic blue and white light during incuba-
tion improved the production parameters of broilers
during the first week posthatch.
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INTRODUCTION

Significant changes in genetics, nutrition and manage-
ment have taken place in the broiler industry during the
past decades. Broilers can achieve double their body
weight in half the time when compared to broiler pro-
duction in the 1950s (Havenstein et al., 2003). The
National Chicken Council (2020) reported that the aver-
age slaughter age (at a weight of 2.86 kg) of a broiler is
47 d, which means the broiler spends almost one-third of
its life as an embryo inside the incubator. Therefore, pro-
viding the optimum incubation environment is crucial
for successful broiler production.
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Light is an important exogenous environmental factor
for controlling many physiological and behavioral pro-
cesses in birds. It has been reported that avian species
have a wider visual spectrum range than humans
(Prescott and Wathes, 1999). Artificial lighting pro-
grams are a management tool for improving birds’
behavior, welfare, and production efficiency of commer-
cial poultry (Rozenboim et al., 2004b; Olanrewaju et al.,
2006; Schwean-Lardner et al., 2013; Sultana et al.,
2013). Light intensity, the composition of the spectrum
and photoperiod (daily pattern of light and dark expo-
sure) are 3 parameters of light that need to be considered
when used as tools to manage poultry production.
Effects of providing different colors of light during rear-
ing period on growth rates have been well documented.
Broilers reared under blue or green light gained more
weight than birds exposed to red or white light
(Wabeck and Skoglund, 1974; Rozenboim et al., 1999;
Rozenboim et al., 2004b). Soliman and Hassan (2019)
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reported that broilers reared under blue and white light
gain significantly more weight and improve feed conver-
sion ratio than birds reared under red light. The
increased body weight might be due to increased satellite
cell proliferation when exposed to light with a short
wavelength (Halevy et al., 1998). Whether providing
light illumination with blue light to chicken embryos
had a similar effect on growth rate of broilers posthatch
was investigated in this study.

The concept of providing illumination during incuba-
tion has been a subject for many years. As far back as
the late 1960s, accelerated embryo development was
found when White Rock eggs were stimulated with con-
tinuous light exposure (Siegel et al., 1969). Conventional
light sources, fluorescent and incandescent bulbs, how-
ever, may produce additional heat and alter the incuba-
tion environment. Light emitting diode (LED) fixtures
have become widely available as they feature durability,
low heat production, and energy efficiency. LED bulbs
are available in monochromatic colors and capable of
being dimmed. Several studies have demonstrated that
providing light with LED bulbs during incubation has
positive effects on embryo development (Shafey and Al-
mohsen, 2002; Rozenboim et al., 2004a; Wang et al.,
2014), chick quality at hatch (Huth and Archer, 2015;
Archer, 2017; Archer et al., 2017), and welfare posthatch
(Huth and Archer, 2015; Archer and Mench, 2017). In
ovo intermittent light illumination (15 min light, 15 min
dark) during incubation increased the number of skeletal
muscle cells and enhanced satellite cell proliferation in
broilers on d 1 and 3 posthatch (Halevy et al., 2006).
Their results suggested that light stimulation during
incubation could affect myogenic activity by modulating
energy metabolism and interact with hormones involved
in growth control. Plasma growth hormone concentra-
tion has been found to reach peak levels at late embry-
onic and early posthatching development, and then
gradually declined until close to sexual maturation
(Scanes et al., 1992). Light spectrum has varying effects
on humoral and cellular immune responses on broilers
during rearing period. For example, T-lymphocyte
(Xie et al., 2008b) and splenocyte (Xie et al., 2008a) pro-
liferation were the highest in broilers exposed to white
light through the entire experimental period. However,
broilers reared under green light had higher anti-New-
castle disease virus (NDV) antibody production than
those under white light at d 42 of age (Xie et al., 2008Db).
Higher anti-NDV antibody titer was found in broilers
under green and blue light than those under white and
red light for the entire production period (Zhang et al.,
2014). However, Firouzi et al. (2014) reported that green
light only promotes anti-NDV antibody production at
the early growth stage, compared to red light. No differ-
ences in humoral response were found among light color
treatments on d 30 and 42. These findings suggest that
light source, broiler strain, vaccination and sampling
day may account for the variation in the effects of light
wavelength on immune response. Those studies were
focused on the effects of light illumination during rearing
period. The study conducted by Archer and

Mench (2013) found that broilers incubated with a light
program of 12L:12D had a stronger humoral immune
response to keyhole limpet hemocyanin, which is a non-
pathogenic protein antigen and has often been used to
evaluate humoral immune response. The information
regarding the effects of providing light with different
spectra during incubation on posthatch immune
response on broilers is limited and will be tested in the
current study.

A bird’s development during brooding stage is impor-
tant for their future performance. After transferring to
the grow-out facility, the changes in nutritional resour-
ces and environmental factors (temperature, humidity,
light exposure, and handling) may be challenging for
young chicks. Provision of a photoperiod during incuba-
tion may entrain the circadian rhythms of melatonin
secretion in broiler embryos and provide positive effects
on the endocrine, neuronal and immune systems, and
improve behavioral processes at a young age. Optimal
light regimes during incubation need to be thoroughly
investigated as a potential environmental tool to
improve young chicks’ adaptation to the posthatch envi-
ronment.

The objective of this study was to evaluate the effects
of providing a photoperiod light during incubation on
early growth performance, production parameters and
immune response in broilers. We hypothesized that pro-
viding blue and white LED lights for 12 h d ' during
incubation have positive effects on body weight gain,
food intake, and thermoregulation of newly hatched
chicks during an early age and humoral immune
response to Newcastle-bronchitis vaccine in Ross 308
broilers.

MATERIALS AND METHODS

The experimental protocol was carried out in accord-
ing with the Canadian Council of Animal Care Guide-
line (CCAC, 2009). Ross 308 hatching eggs were
incubated under white (color temperature 4100K, Can-
arm, Brockville, ON, Canada), red (Once Innovations,
Plymouth, MN), or blue (Once Innovations, Plymouth,
MN) LED lights for 12 h d~"' at 200 lux for the entire
incubation period, and the dark incubation condition
served as control. The study was conducted in four
repeated hatch trials (n = 2,176, 1,664, 1,696 and 1,600
eggs for four trials, respectively). In each trial, eggs were
randomly assigned to four lighting treatments with 2
replicate single-stage incubators (ChickMaster G09,
Cresskill, NJ). The details of the incubation treatments
and hatching performance are given in Li et al. (2021)

Animals and Husbandry

After hatch, broilers were placed into 48 pens with all
chicks within a pen from the same incubator. There
were 25 £ 1 birds of the same lighting treatment and
gender in each pen. The birds were raised under an 18 h
d~! photoperiod (0700 to 0100 h, which turned on at the
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same time as during the incubation period) with a pho-
tophase light intensity of 20 lux (Philips F17T8/TL835
17-W fluorescent tubes, color temperature at 3500K)
during the first 4 d and gradually decreased to 5 lux on d
9 of age. The brooding temperature was 30 to 32°C dur-
ing the first 6 d. Each pen (2.19 m x 1.00 m) was pre-
pared with new, clean, wood shavings at a depth of
4 cm. The stocking density was 0.08 m? bird '. Groups
of 3 pens with the same treatment combination (incuba-
tion lighting x gender) from the same incubator were
used as an experimental unit for the posthatch
performance portion of the research. The diets were for-
mulated to meet or exceed National Research Coun-
cil (1994) nutrient requirements. All birds were fed the
same diets ad libitum within 3 growth phases. The nutri-
tionally balanced starter diet in crumble form was sup-
plied from d 0 to 14. The grower and finisher diets in
pellet form were supplied from d 15 to 25 and d 26 to 35,
respectively. The starter diet was provided in a plastic
50 cm trough feeder (Little Giant, Miller Manufacturing,
Eagan, MN) during the first 5 d after placement. After d
5 of age, feed was provided from tube feeders. Water was
provided ad libitum from 2 nipple drinkers per pen.

Broiler Growth Performance

Following completion of chick processing at the hatch-
ery (at 1 pm), chicks were group weighed and placed in
stages with a 5 min interval between pens. Each round
of placement consisted of all 8 treatment combinations
to minimize the effects of placement time. Chicks were
placed on the litter behind the water line (Figure 1)
without guiding them to find feed and water. At exactly
6 h postplacement, body weight and the remaining feed
were weighed in the same order as placement to calcu-
late the feed consumption and body weight gain during
the first 6 h of access to feed and water. Chicks in each
pen were weighed every 24 h and feed consumption was
measured daily during the first 7 d. The birds were group
weighed on d 14, 25, and 35. The feed remaining in the
feeders was weighed on each weigh day and as mortality
occurred. Mortality was recorded and sent to a veteri-
nary pathologist for necropsy (Animal Health Labora-
tory, Truro, NS, Canada). Growth performance was
evaluated using feed consumption, body weight, body
weight gain, and feed conversion ratio (FCR)).

Body Temperature

Cloaca temperature of 5 randomly selected chicks
per pen was measured with a digital thermometer
(Braun IRT-4020, Braun, Kronberg, Germany) at 24 h
posthatch (8 am). This process was repeated 12 h later
(at 8 pm).

Vaccination, Organ and Blood Sampling

Six birds per pen received a AviPro Newcastle-Bron-
chitis vaccine (B1 Type, B1 Strain, Mass. and Conn.

A

Placement
location

0.50 m

A

Water Line (with 2 drinking nipples)

0.50 m

I 50CM 1

Ground Feeder

1.00 m

v

Figure 1. Floor pen dimension and chick placement location.

Types, Live Virus, Elanco, Guelph, ON, Canada) via
topical ocular at one drop/dose/chicken on d 10 and a
booster vaccine was applied on d 21 in the second, third
and fourth trials, according to the manufacturer’s
instructions.

One vaccinated chicken per pen (3 birds per experi-
mental unit) was weighed individually at d 10, 14, 21, 25
and 35, and euthanized with an electric stunning knife.
Blood samples were collected from the jugular vein
immediately after euthanasia. Approximately 5 mL of
blood was collected into nonheparinized tubes, incu-
bated at room temperature for 4 h, and centrifuged at
2,000 x g for 10 min. The serum was separated and
stored at -80°C until further analysis. The liver, spleen
and bursa of Fabricius were excised and weighed and
expressed on a relative body weight basis (g kg™'). A
drop of blood collected from birds at d 35 of age was
smeared on a glass slide. The smears were fixed and
stained using Hema-3 (Fisher Science). One hundred
leukocytes per slide were counted twice and the hetero-
phil to lymphocyte (H/L) ratio was calculated.

Serum Immunoglobulin

The total IgG concentration in serum was measured
by using chicken IgG sandwich enzyme-linked immuno-
sorbent assay (ELISA) quantitation and Starter
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Accessory Kits (Bethyl Laboratories, Montgomery, TX)
following the manufacturer’s procedure. The plates were
read using a microplate reader (Bio-Tek Instrument
Inc., Winooski, VT) at 450 nm. The four-parameter
logistic model was found to be the best model to describe
the IgG concentration and absorbance readings. The
concentration of serum IgG was calculated. The inter-
and intra-assay % CV were both under 5%.

Statistical Analysis

The experiment was a randomized complete block
design with a set of 4 incubators as one block (2 blocks
per trial). Three pens of birds hatched from the same
incubator per trial were used as the experimental unit
with 8 blocks for each treatment combination
(lighting x gender). One incubator (dark-control) in
trial 2 was not functioning as consistently as the other 7
incubators and was removed from the analysis. Growth
performance during the first 6 h, vent temperature on d
1 of age, organ development, H/L ratio, and serum IgG
concentration were analyzed using the Mixed Procedure
of the SAS v. 9.4 (SAS Inc., Cary, NC, 2013). All broiler
body weight, feed consumption, body weight gain and
feed conversion ratio were analyzed as repeated meas-
ures by using the Mixed Procedure of SAS v. 94
(SAS Inc., Cary, NC, 2013). In repeated measure analy-
sis, four covariance structures, compound symmetry,
variance components, first order autoregressive and
unstructured covariance, which provided the smallest
corrected Akaike Information Criterion and Bayesian
Information Criterion absolute values, were selected to
conduct the ANOVA test. The residuals of error met the
assumptions of normal distribution, independently dis-
tribution with mean zero and had constant variance. In
all cases, if significant effects were found, the Tukey-
Kramer test was applied to differentiate the means at
5% level of significance.

RESULTS AND DISCUSSION

Broiler Growth Performance During
an Early Age

Chick body weight at the time of placement and FCR
during the first 6 h were not affected (P > 0.05) by the
lighting treatment, gender or their combinations. Body
weight ranged from 44.3 to 44.7 4 0.21 g bird " at place-
ment. However, the body weight following 6 h of access-
ing feed and water was affected (P < 0.05) by the
incubation lighting treatment (Table 1). Chicks hatched
from white and blue light illumination during incubation
had significantly higher body weight at 6 h than those
hatched under dark, and red light group was intermedi-
ate. Body weight gain during the first 6 h postplacement
was affected (P < 0.05) by lighting treatments and gen-
der (Table 1). Chicks hatched under white light with 12
h d~' had significantly higher body weight gain than
those hatched under dark. Females had higher (P <

Table 1. Effects of providing different colored LED lights during incubation on body weight (g bird™") at 6 h postplacement, body weight gain (g bird™") (% of placement body weight) and

feed consumption (g bird‘l) during the first 6 h postplacement in broilers.

Feed consumption during the first 6 h postplacement

Body weight gain during the first 6 h postplacement

Male

Body weight at 6 h post placement

Male

49.0 £0.30
50.0 £ 0.28
49.4 £0.28
49.4 £0.28
49.4 +0.14

Average

3.3+0.11°

Female

3.440.15

Male

Average

Female

Average
49.0 +0.22°

Female

Light

3.8 4 0.10*
3.6 +0.10%"
3.8+ 0.10°

3.8+£0.15
3.7+£0.14
3.9+0.14

3.2+0.16
3.8+£0.14
3.5+£0.15
3.7+0.15

a
ab

9.64%)"
11.65%)™

11.78%)
11.71%)

4.3 £0.26
5.2+0.24
5.1+0.24
5.2+0.24

PRy

0

10.41%
12.18Y

12.31%
12.73%

5.2+ 0.17 (11.91%)

—

4.6 £0.36
54+£0.34
54 +0.34
5.6 £0.34

11.38%)
11.12%)
10.56%)

8.88%)
1.6 £ 0.17 (10.48%)"

e —

4.0 £0.36
5.1+0.34
4.9 £0.34
4.7£0.34

50.0 & 0.20*
49.4 + 0.20%°
49.9 & 0.20*

49.0 £ 0.30
50.0 £0.28
49.5 £ 0.28
50.3£0.28
49.7+£0.14

Dark
White
Red
Blue

3.7£0.07

3.6 £0.07

Average
Effect

ANOVA P-value

0.007

0.257

0.883
<0.0001

0.039

0.017

0.768
<0.0001

0.006

Lighting (L)
Gender (G)

LxG

0.164
0.313
<0.0001

Block

*bMeans within a column with different letters differ significantly according to Tukey-Kramer test (o = 0.05).
*YMeans within a row with different letters differ significantly according to Tukey-Kramer test (o« = 0.05).
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0.05) body weight gain than males. Furthermore, higher
(P < 0.05) feed intake was found during the first 6 h in
white and blue groups than control (Table 1).

Providing photoperiodic white lighting during incuba-
tion positively affected the chick growth during the ini-
tial part of the growing period in the current study. The
feeding and exploratory behavior might be affected by
the entrained circadian rhythms during incubation and
lead to higher feed intake and body weight gain.
Archer et al. (2009) reported that chicks hatched under
dark had lower feed intake than those hatched with light
exposure. The physiology and behavior of newly hatched
chicks change rapidly from hour to hour during the post-
incubation period (Baldzova and Baranyiova, 2010).
Balazova and Baranyiova (2010) reported that male
chicks had higher visual orientation behavior, while
females had higher horizontal locomotor activity at d 3
of age during the first 10 min exposure to a novel envi-
ronment. Our study also found that during the first 6 h
in the grow-out pen, female chicks had higher body
weight gain than males, which is considered increased
exploratory behavior related to learning to eat. In order
to test the hypothesis of behavior changes from incuba-
tion lighting treatment, an open-field behavior test
would be useful to examine the response of newly
hatched chicks to a novel environment in a future study.
The mechanism of light illumination during incubation
improving growth rate in neonatal chicks is still unclear.
The higher body weight gain could be due to a higher
amplitude of growth hormone secretion, which can be
influenced by melatonin. There is evidence indicating
melatonin influences growth by modulating growth hor-
mone synthesis posthatch in avian species. A positive
correlation between plasma melatonin concentration
and growth hormone has been reported for broilers
exposed to monochromatic light (Zhang et al., 2016).
Exogenous melatonin administration increased plasma
growth hormone concentration in Japanese quail
(Zeman et al., 1999), mature pigeon (McKeown et al.,
1975), and turkey (Fehrer et al., 1985). The develop-
ment and maturation of photoreceptors starts during
incubation. The enzymes involved in melatonin synthe-
sis become functional during incubation and reach a
peak before hatch (Espinar et al., 1994). Providing pho-
toperiod for the whole incubation period resulted in a
higher blood melatonin level in broiler chickens than

those incubated under dark when placed in an environ-
ment with continuous light (Ozkan et al., 2012). It is
also possible that providing a photoperiod during incu-
bation can lead to cerebral lateralization of visual path-
ways and alter the posthatch feeding behavior
(Roger, 2008). Archer and Mench (2014a) found the
melatonin rhythm on d 19 of incubation had a carry-
over effect on the rhythmicity of general activity over a
6-wk growth period in broilers. Furthermore, increased
plasma growth hormone and prolactin levels in broiler
embryos have been found with in ovo green light expo-
sure (Dishon et al., 2017). But it is important to note
that the light regime applied during incubation in their
study was 15 min light/15 min dark to avoid overheat-
ing of the eggs. A short duration of light exposure (3
min) during the scotophase decreased melatonin produc-
tion by inhibiting NAT activity in rats (Klein and
Weller, 1972). For avian species, as little as 5 min light
exposure during the dark phase decreased NAT activity
in both the retina and pineal gland and the suppressive
effect of light exposure was spectrum related
(Zawilska et al., 1995). Zawilska et al. (1995) reported
that NAT activity in the pineal gland decreased by
approximately 20% when exposure to white or green
light for 5 min and NAT activity started to increase
after 15 min of returning to darkness and reached the
control level by 1 h for red light and 2 h for blue and
green light. Pineal NAT activity was still lower than the
control level after 2 h when chicks were exposed to white
light for 5 min. Our study found that chicks hatched
under white light had higher body weight gain at 6 h
than those hatched under dark, which supports the
hypothesis that providing photoperiodic blue light dur-
ing incubation would positively affect body weight gain
and feed consumption for young chicks.

Body weight was measured every 24 h during the first
week to investigate the effects of photoperiodic light dur-
ing incubation on growth performance during the brood-
ing stage. Average body weight during the first week
was significantly affected (P < 0.05) by the incubation
lighting treatments (Table 2). No differences (P > 0.05)
in body weight gain, feed intake or FCR were found
among lighting treatments or their combination with
other factors (gender or day). The white and blue groups
had higher (P < 0.05) body weight than those incubated
under dark (Table 3). Chicks in red group had an

Table 2. ANOVA table of the effects of providing colored photoperiodic lighting treatments during incubation on first week growth per-

formance in broiler chickens.

Effect Body weight Body weight gain Feed consumption FCR
Light (L) 0.001 0.7691 0.1496 0.7946
Gender (G) 0.487 0.9139 0.0069 0.0522
LxG 0.164 0.9340 0.5440 0.9402
Day (D) <.0001 <.0001 <.0001 <.0001
LxD 1.000 0.9999 0.7404 0.9462
GxD 0.430 0.4481 0.3494 0.2466
LxGxD 1.000 1.0000 0.9998 0.9994
Block <.0001 <.0001 <.0001 <.0001

Covariance structure ~ Variance components with

square root transformation

First order autoregressive

First order autoregressive with
log 10 transformation

First order autoregressive with
log 10 transformation
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Table 3. Effects of providing different colored LED lights during
incubation on average body weight (g bird™') during the first
week in broiler chicks.

Light n' Male Female Average
Dark 7 101.8 +£0.47 101.2 +£0.47 101.5 £ 0.34°
White 8 103.1 £ 0.44 102.9 + 0.44 103.0 £ 0.31*
Red 8 101.7 £ 0.44 101.9 +£0.44 101.8 & 0.31>
Blue 8 101.9 £ 0.44 103.0 £+ 0.44 102.5 + 0.31°"
Average 102.1 £ 0.22 102.2 £ 0.22

'Number of experimental units. Experimental unit = 3 pens of birds
hatched from the same incubator.
abMeans within a column with different letters differ significantly
according to Tukey-Kramer test (o« = 0.05).

intermediate average body weight during the first week
as we found the same trend at 6 h postplacement. Con-
tinuous green light stimulation during incubation has
been shown to accelerate broiler weight gain and pecto-
ral muscle weight by d 6 of age without improving feed
intake (P-value: 0.08) and FCR (P-value: 0.93)
(Zhang et al., 2016). It is possible that increased weight
gain was associated with enhancing proliferation of skel-
etal muscle satellite cells by both green and blue light
stimulation (Halevy et al., 1998). In our case, providing
an in ovo photoperiod with shorter wavelength (blue
light) may provide stronger stimulation to the photore-
ceptor cells than red light and dark, and entrained the
rhythmic expression of core clock genes. Di Rosa
et al. (2015) found that zebrafish larvae illuminated
with blue light had higher clock! and perib expression
during the scotophase than those under white, red, and
dark on d 7 postfertilization. The circadian rhythmicity
is the output of rhythmic expression of core clock genes
by positive and negative transcriptional feedback
(Reppert and Weaver, 2002). The circadian rhythm of
pineal melatonin synthesis can provide the internal tem-
poral cue to the target tissue and regulate the produc-
tion of somatotropic axis hormones (growth hormone
and insulin-like growth factor-I) and the expression of
growth hormone receptors (Dishon et al., 2017).

The source, spectrum, intensity and photoperiod are
artificial light characteristics influencing modern poultry
management. The effects of light spectra on chicken pro-
duction, health and welfare have been well documented
(Rozenboim et al., 2004b; Xie et al, 2008a,b;
Sultana et al., 2013; Li et al., 2015; Dishon et al., 2017).
Broilers reared under blue light, green light or their

combination had higher body weight than those under
white or red light (Rozenboim et al., 1999, 2004b). Simi-
lar effects were reported for turkeys (Rozenboim et al.,
2003). In broiler production, constant or near-constant
light was commonly applied during an early age to maxi-
mize the visual access to feed and water. Early studies
showed a reduction in feed consumption and body
weight gain immediately after introduction of a dark
period (Classen and Riddell, 1989). However, the impact
of introducing darkness on growth rate decreased with a
longer introduction time. Riddell and Classen (1992)
found that male broiler chickens raised under continuous
light had higher body weight gain than those with pho-
toperiods before d 42, especially during the first 21 d.
However, at d 63 of age, the birds reared under increas-
ing lighting treatment, which gradually increases the
light period from d 7 to d 42, were heavier than those
reared under continuous light. Rozenboim et al. (1999)
also found a higher body weight gain after d 49 of age
when broilers were reared under an increasing light
schedule (23L:1D from d 1 to d 4, 8L:16D from d 5 to 14,
then gradually increased to 16L: 8D by d 48). These
results suggested that an increased duration of darkness
resulted in lower initial body weight gain, followed by a
faster compensatory growth later in the grow-out
period. In addition, embryonic light stimulation has
been shown to result in decreased stress level with lower
corticosterone response to crating stressor (Archer and
Mench, 2014Db). Our study showed that providing white
and blue photoperiodic light during incubation can effec-
tively introduce the day-night cycle even before hatch
and minimize the effect of introducing darkness post-
hatch, as improved chick growth was found during the
first week.

Overall Growth Performance

Providing white, blue or red light for 12 h per day dur-
ing incubation did not affect (P > 0.05) body weight,
body weight gain, feed consumption or FCR after one
week of age (Table 4). In the current study, the chicks
hatched under lighting treatments lost their weight
advantage after d 7 of age (Supplementary Table 1),
which may be due to the presence of grow-out photope-
riod modulating rhythms of somatotropic axis

Table 4. ANOVA table of the effects of providing colored photoperiodic lighting treatments during incubation on growth performance

of broiler chickens during a 35-d period in the 2nd, 3rd, and 4th trials.

Effect Body weight Body weight gain Feed consumption FCR
Lighting (L) 0.3082 0.4891 0.4676 0.7518
Gender (G) <.0001 <.0001 <.0001 <.0001
LxG 0.9878 0.9579 0.9972 0.9658
Day (D) <.0001 <.0001 <.0001 <.0001
LxD 0.9983 0.9951 0.9619 0.9700
GxD <.0001 <.0001 <.0001 0.2820
LxGxD 0.9995 0.7645 0.7267 0.8160
Block <.0001 <.0001 0.0001 <.0001

Covariance structure ~ Variance components with log

10 transformation

First order autoregressive with
square root transformation

First order autoregressive with
square root transformation

Variance components
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hormones. Many studies have investigated the effects of
providing light during incubation on posthatch growth
performance, but the effects remain inconclusive. Some
studies reported that light stimulation during incuba-
tion did not affect posthatch production parameters in
broilers (Archer et al., 2009; Archer and Mench, 2014a;
Huth and Archer, 2015; Archer, 2017) and Japanese
quail (Sabuncuoglu et al., 2018; Hanafy and Hegab,
2019). In contrast to our results, improved body weight
at market age by incubation with light was found in
broilers (Zhang et al., 2016; Van der Pol et al., 2017)
and turkey hens (Rozenboim et al., 2003). Interesting
results were found by Zhange et al. (2012), who reported
that continuous green light stimulation during incuba-
tion increased the body weight and feed intake post-
hatch, as compared to dark and blue light. The
enhanced production parameters may be associated
with increased number of satellite cells and proliferation
and differentiation of myoblasts. The stimulatory effect
on posthatch muscle growth depends on light spectrum,
but not depends on photoperiod (Halevy et al., 2006). In
addition, the transmittance of light through the shell
may be influenced by light characteristics, spectrum and
intensity, as well as characteristics of the eggshell, thick-
ness, and pigmentation. Further studies are needed to
investigate the light characteristics of different wave-
lengths penetrating through the eggshell and received
by chicken embryo and whether blue light and green
light are involved differently in regulation of growth hor-
mone secretion in broilers. The combination of embry-
onic and posthatch lighting regimen would be a valuable
topic to investigate the long term effects of light compo-
nents on bird health, behavior, and growth performance.
Total mortality from d 1 until d 35 was 2.55%, and it
did not differ (P > 0.05) among incubation lighting
treatments and did not interact with gender.
Body Temperature An important finding from our
study was the cloaca temperature at 36 h posthatch was
affected by provision of photoperiodic lighting during
incubation. No differences in cloaca temperature were
found among treatments at 24 h posthatch (Table 5).
However, the cloaca temperature at 36 h posthatch was
lower (P < 0.05) in chicks hatched under dark than those

Table 5. Effects of providing different colored LED lights during
incubation on cloaca temperature (°C) at 24 h posthatch in broiler
chickens.

hatched under white, red or blue light (Table 6). Birds
maintained a relatively stable core body temperature
via regulating a variety of thermoregulatory responses
to support the balance between heat production and
heat loss (Yahav, 2015). Newly hatched birds may
require more than 3 d for endothermic thermoregulation
to be fully functional (Wiebe and Evans, 1994). The
ability to maintain a stable body temperature at young
age may be due to an advanced embryo development
and had a better ability to balance heat production and
loss. Increased feed intake has been found to be associ-
ated with higher heat production (Zhou and Yama-
moto, 1997). Heat conserving behavior may also
account for the lower feed intake in chicks hatched under
dark as being clustered to avoid heat loss may reduce the
frequency of feeding behavior. The feeding behavior of
neonatal chicks can be regulated by the daily rhythmic
expression of orexigenic and anorexigenic neuropeptides
in the hypothalamus (Furuse et al., 2001; Kaiya et al.,
2009; Mishra et al., 2016). In addition, melatonin syn-
thesis and secretion can regulate thermoregulatory
mechanisms and energy metabolism in  birds
(Saarela and Heldmaier, 1987; Zhou and Yama-
moto, 1997; Murakami et al., 2001; Isobe et al., 2002).
Underwood and Edmonds (1995) reported that body
temperature and activity were synchronized by cyclic
administration of melatonin via drinking water in Japa-
nese quail. The entrained circadian rhythm in body tem-
perature was maintained up to 12 d. In ovo light
stimulation changes the rhythmic secretion of melatonin
and it may have an effect on thermoregulation in the
bird after hatch. Our findings relate to the results
obtained by Sinkalu et al. (2015) that broilers treated
with exogenous melatonin via drinking water had lower
and less fluctuating cloaca temperatures than those
reared under continuous light from d 14 to 42 of age.
The smaller differences in cloaca temperature between
24 and 36 h postplacement in birds hatched under pho-
toperiodic light illumination indicated that lighting
treatments during incubation may have positive effects
on thermoregulation of neonatal chicks. Maintenance of
a relatively stable core temperature provides a

Table 6. Effects of providing different colored LED lights during
incubation on cloaca temperature (°C) at 36 h posthatch in broiler
chickens.

Light n' Male Female Average
Light n' Male Female Average Dark 7 39.7 & 0.04 39.8 & 0.04 39.7 & 0.03"
Red 3 39.9 + 0.03 40.0 + 0.03 39.9 + 0.02 Blue 8 39.9 + 0.04 39.9+0.04 39.9 £ 0.03
Blue 8 39.9 +0.03 40.1 +0.03 40.0 £ 0.02 Average 39.8 + 0.02" 39.9 £ 0.02F
Average 39.9 +0.02° 40.1 £0.02° Effect ANOVA P-value
Effect ANOVA P-value Lighting (L) 0.001
Lightil’lg (L) 0.180 Gender (G) <0.0001
Gender (G) <0.0001 LxG 0.171
Block <0.0001

'Number of experimental units. Experimental unit = 3 pens of birds
hatched from the same incubator.
*bMeans within a row with different letters differ significantly according
to Tukey-Kramer test (« = 0.05).

'Number of experimental units. Experimental unit = 3 pens of birds
hatched from the same incubator.
aPMeans within a column with different letters differ significantly accord-
ing to Tukey-Kramer test (¢ = 0.05).""Means within a row with different
letters differ significantly according to Tukey-Kramer test (o = 0.05).
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Table 7. ANOVA table of the effects of providing colored photoperiodic lighting treatments during incubation on relative organ weight
of broiler chickens during a 35-d period in the 2nd, 3rd, and 4th trials.

D 10 D 14 D21 D 25 D 35

Effect Spleen Bursa Liver Spleen Bursa  Liver Spleen Bursa Liver Spleen Bursa Liver

Lighting (L)  0.038 0.388 0.566  0.901 0.817  0.281 0.662 0.304 0.700  0.305 0.498  0.101 0.358 0.160  0.827
Gender (G) 0.457 <.0001  0.009 0.393 0.006  0.264 0.354 0.052 0.556  0.629 0.011  0.294 0.123 0.019  0.002
LxG 0.485 0.810 0.254  0.539 0.518  0.924 0.543 0.744 0.815 0.053 0.157  0.275 0.939 0.006  0.179
Block 0.013 0.002 0.238  0.644 0.514  0.111 <.0001 0.0009 0.002 0.084 0.004  0.001 0.073 0.014  0.010

Bursa Liver  Spleen

protective internal environment for efficient functioning
of the cells, tissue, and organs (Nakamura, 2011).
Although we did not measure the body temperature con-
tinuously during the brooding stage, considering the
higher feed intake after placement and improved growth
performance, we speculated that providing photoperi-
odic light stimulation during incubation increased the
metabolic rate and heat production in broiler chicks dur-
ing the photophase at a young age.

To the best of our knowledge, this is the first report on
evaluating the effects of photoperiodic light stimulation
during incubation on growth performance at placement,
body temperature, and daily chick growth in broilers
during the first week of production. The positive effects
on chick growth demonstrated that providing photoperi-
odic blue and white light illumination during incubation
can improve the adaptation of newly hatched chicks to
grow-out environment. The effects were not found after
d 7 of age, which may be a result of establishment of new
circadian rhythm, which is entrained by the longer pho-
toperiod during grow-out period.

Organ Weight, HIL Ratio, and Total IgG Relative
spleen weight was only affected (P < 0.05) by incubation
lighting treatments on d 10 of age (Table 7). No differen-
ces (P > 0.05) in relative spleen weight were found
among dark and light color treatments. We only found
that birds hatched under red light had heavier (P <
0.05) relative spleen weight than those hatched under
blue light (Table 8). Most photostimulation studies on
immune function have focused on photoperiod or day
length. Generally, a longer dark period increased the
immune response and it was associated with increased
melatonin secretion. Kliger et al. (2000) found increased
splenic lymphocyte proliferation when broilers were
given an intermittent lighting schedule compared to con-
stant light exposure posthatch. We did not find an accel-
erated spleen development as measured by weight

Table 8. Effects of providing different colored LED lights during
incubation on relative spleen weight (g kg™') of broiler chickens

between dark and incubation lighting treatments.
The relative weight of spleen and bursa of Fabricius can
be affected by environmental factors, such as light
(Li et al, 2015) and temperatures (Quineteiro-
Filho et al., 2010). Lighter relative spleen and bursa of
Fabricius were found in broilers exposed to a heat stress
environment (Pardue et al., 1985). We hypothesized
that birds hatched under red light may have higher cell
proliferation in spleen than stimulated with short wave-
length such as blue light according to the relative spleen
weight on d 10. Heterophil to lymphocyte ratio (H/L) is
used as an index to evaluate levels of stress in poultry.
This ratio can increase during stressful situations,
including environmental changes such as social stress
(Gross and Siegel, 1983) or even lighting programs
(Huth and Archer, 2015). A higher H/L ratio in blood
was found when birds were raised under constant light
compared to 12 h d™! light treatment (Zulkifli et al.,
1998). No differences in H/L ratio (P > 0.05) among
incubation lighting treatments in the current study sug-
gest that providing light illumination up to 12 h d~* did
not induce stress level during rearing period.

Male birds hatched under red light had heavier (P <
0.05) relative bursa of Fabricius weight than male birds
hatched under blue light on d 35 of age (Table 9). No dif-
ferences (P > 0.05) in relative bursa of Fabricius weight
were found among light color treatments in female
broilers. Interestingly, we observed the lower relative
bursa of Fabricius weight in day-old male chicks when
illuminated with blue light, but no differences in relative
bursa of Fabricius weight were found in female birds
(Liet al., 2021). Thus far, the effects of incubation light-
ing on bursa of Fabricius development are still unclear,
especially for the difference between males and females.
Birds hatched under red light had higher total IgG

Table 9. Effects of providing different colored LED lights during
incubation on relative bursa of Fabricius weight (g kg™") of broiler
chickens on d 35 of age in the 2nd, 3rd, and 4th trials.

on d 10 of age in the 2nd, 3rd, and 4th trials. Light n Male Female
Light n' Male Female Average Dark 5 1.69 £ 0.003" 1.32 £ 0.093"
White 6 1.66 + 0.084* 1.51 £ 0.084*
Dark 5 0.70 £ 0.033 0.73 £0.033 0.72 £ 0.024*" Red 6 1.74 £+ 0.084* 1.44 £ 0.084*"
White 6 0.68 £ 0.033 0.66 £ 0.033 0.67 £ 0.024*" Blue 6 1.30 £ 0.084" 1.53 4 0.084%"
Red 6 0.78 £0.033 0.70 £ 0.033 0.74 £ 0.024'b‘ Average 1.60 £ 0.043 145 £ 0.043°
Blue 6 0.65 £ 0.033 0.64 £ 0.033 0.65 £ 0.024
Average 0.70 £ 0.017 0.68 £0.017 'Number of experimental units. Experimental unit = 3 pens of birds

'Number of experimental units. Experimental unit = 3 pens of birds
hatched from the same incubator in trial 2, 3 and 4.
*b\eans within a column with different letters differ significantly accord-
ing to Tukey-Kramer test (o = 0.05).

hatched from the same incubator in trial 2, 3, and 4.**Means within a col-
umn with different letters differ significantly according to Tukey-Kramer
test (o = 0.05).

“¥Means within a row with different letters differ significantly according
to Tukey-Kramer test (o = 0.05).



INCUBATION LIGHTING EFFECTS ON PRODUCTION 9

Table 10. Effects of providing different colored LED lights dur-
ing incubation on serum IgG concentration (ng mL™") of broiler
chickens on d 14 of age in the 2nd, 3rd, and 4th trials.

Light n' Serum IgG concentration
Dark 5 547,898 + 33,381"

White 6 601,279 =+ 29,660"

Red 6 721,158 £ 29,660

Blue 6 570,200 & 29,660"

Effect ANOVA P-value

Lighting (L) 0.0015

Gender (G) 0.2871

LxG 0.0887

Block 0.0115

'Number of experimental units. Experimental unit = 3 pens of birds
hatched from the same incubator in trial 2, 3 and 4.
abMeans within a column with different letters differ significantly
according to Tukey-Kramer test (o = 0.05)

concentration than blue, white, and dark groups on d 14
of age (Table 10). Having green or blue lights in broiler
houses having positive effects on both humoral and cel-
lular immune response have been reported by many
studies (Xie et al., 2008a,b; Firouzi et al., 2014;
Zhang et al., 2014). However, providing light exposure
with short wavelength (in this case, blue light) during
incubation did not increase total chicken IgG level post-
vaccination in our study. Differences in animal age, time
of light exposure and immunoglobulin specificity may
explain differences observed.

In conclusion, our study shows that providing photo-
periodic LED light illumination with different colors did
not affect production or health parameters of broilers at
market age, but we did find that in ovo photostimula-
tion with blue or white light resulted in an increased
feed consumption and body weight, and smaller differ-
ence in cloaca temperatures between morning and even-
ing for chicks at a young age, which gives birds a better
start for early posthatch development. Furthermore, red
light may alter humoral immune response to Newcastle-
bronchitis vaccine on d 14 of age. The effects of illumina-
tion with different colors during incubation on bird per-
formance can provide useful information for hatchery
managers when they practice posthatch feeding pro-
grams within the incubator.
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