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ABSTRACT Providing green light during incubation
has been shown to accelerate the embryo development and
shorten the hatching time in broilers. Few studies have
concentrated on the exact effects on layer breeders in the
aspects of hatching and posthatch performance. In this
study, 4 strains of layer breeder eggs, namely White
Leghorn, Rhode Island Red, Columbia Rock, and Barred
Rock were used to assess the effects of monochromatic
green light during embryogenesis on hatching perfor-
mance, chick quality, and pubertal growth. Each strain of
600 eggswas incubated under photoperiods of either 12 h of
light and 12 h of darkness (12L:12D, light group) or 0 h of
light and 24 h of darkness (0L:24D, dark group) for 18 D,
with 2 replicates for each treatment. The results showed
hatch time, time reaching 90% hatch, and average hatch
time were significantly shorter among the 4 strains in the
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light group(P, 0.01). In addition, hatchwindowandpeak
hatching period were not extended by the green light
stimulation (P. 0.05). There was no significant difference
in hatchability of fertile eggs, chick weight/egg weight, or
chick quality among the 4-strain eggs between the light
group and dark group (P. 0.05). There was no difference
(P . 0.05) in posthatch BW between different light
treatments of the 3 strains (White Leghorn, Columbia
Rock, and Barred Rock), whereas the BW of Rhode Island
Red was higher in light group than that of the dark group
at 8 to 12 wk of age (P , 0.05) and the difference dis-
appeared from week 14. The results demonstrate that
12L:12D monochromatic green light stimulation during
embryogenesis shortens the hatching timewith nonegative
effects on hatching and posthatch performance. These
effects were consistent among the 4 layer strains.
Key words: incubation, green light, hatch
ing time, hatch window, posthatch growth
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INTRODUCTION

Light is obviously an important environmental stim-
ulus during the whole life of avian well-being. Production
performance and welfare of poultry can be improved by
making full use of the light environment. Many research
studies have been carried out to develop optimal lighting
programs at different posthatch stages for both layers
and broilers (Buys et al., 1998; Sun et al., 2017a,b; Shi
et al., 2019). In contrast to this, the lighting procedures
required for the hatching period are still undetermined
because of lacking research supports.

There are some studies investigated the impact of
light in the incubator environment. Providing green
light of 1,340 to 1,730 lx during incubation from 5 to
15 D has been shown to increase embryo growth
(Shafey and Al-Mohsen, 2002). Continuous monochro-
matic green during embryogenesis accelerated post-
hatch growth and pectoral muscle growth in broilers
(Zhang et al., 2012). There are also other reports
showing that light exposure during incubation could
affect hatchability (Walter and Voitle, 1972; Garwood
et al., 1973; Shafey and Al-Mohsen, 2002; Shafey
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et al., 2004a) and posthatch performance on broilers
(€Ozkan et al., 2012a; Zhang et al., 2012; Huth and
Archer, 2015), layers (Huth and Archer, 2015), and
quails (Farghly and Mahrose, 2012). In addition, some
studies have found a phenomenon that light stimula-
tion during incubation shortened the hatching time
and accelerated embryonic development on layers
(Garwood et al., 1973; Bohren and Siegel, 1975),
broilers (Shafey and Al-Mohsen, 2002), and turkeys
(Ghatpande et al., 1995; Shafey et al., 2004a).
Rozenboim et al. (2003) argued that conventional light-
ing source may emit additional heat into the incuba-
tors, making it unclear whether the accelerated
embryonic development was caused by additional
heat or by light. This seems to be solved with the advent
of light-emitting diode (LED), which rarely emitted
ambient heat (Huth and Archer, 2015; Sabuncuoglu
et al., 2018). Exposing eggs to far-red (670 nm) LED
once per day from 0 to 20 D of incubation resulted in
chicks pipping (breaking the shell) 2.92 h earlier and
duration time between pip and hatch 2.91 h shorter
on the domestic chickens (Yeager et al., 2005). Mono-
chromatic green LED lights during the first 18 D of in-
cubation shortened hatching time by 3.4 h in broilers
(Tong et al., 2018). The 2 literatures may provide clues
to prove that the subsistent effect of light on the short-
ened hatching time by using LED lights. In addition,
different LED monochromatic lights are available for
the comparison of their effects on hatching performance
(Huth and Archer, 2015). Studies showed that chicken
embryos are the most sensitive to light of 550 to 560 nm
(green) (Rogers et al., 1998) in the respects of embry-
onic growth and development, as well as posthatch
growth (Halevy et al., 2006; Rozenboim et al., 2013).
Therefore, green light may provide a potential applica-
tion in commercial incubation process. Although many
research studies have been carried out to explore the
lighting effects during embryogenesis, there are rela-
tively fewer studies on layers. Especially, the concerns
on the possible negative effects including lower hatch-
ability and chick quality, wider hatching period, and
poor posthatch growth of chicks remain unfocused.

The objective of the present study was therefore to
determine whether the shortened hatching time as
observed in previous studies in broilers would occur in
layers and whether the effects are consistent in different
strains by using monochromatic green LED light and to
identify the potential negative effects on hatching and
posthatch performance.
MATERIALS AND METHODS

Ethics Statement

This study was performed in accordance with local
ethical guidelines andmet the requirements of the Animal
Care and Use Committee (No. IAS2020-14) of Institute of
Animal Science of Chinese Academy of Agricultural
Sciences.
Experiment Design

Eggs were obtained from White Leghorn (WL),
Rhode Island Red (RIR), Columbia Rock (CR), and
Barred Rock (BR) hens of 50 wk of age. The 4 pure lines
chickens, which were obtained from the University of
Guelph, were kept in the experimental farm of Institute
of Animal Science of Chinese Academy of Agricultural
Sciences. Eggs were collected in 5 D and stored no
longer than 7 D at 15�C 6 1�C and 70 to 75% of RH.
Fertile eggs of average weight 63 g of each strain
(62.5 6 3.0 g for WL, 61.5 6 3.0 g for RIR,
64.10 6 3.0 g for CR, and 63.00 6 3.0 g for BR) were
selected. Four incubators (NK-hatching; Beili Incuba-
tion Equipment Co., Ltd., Sichuan, China) were used,
and their front windows and incubator room windows
were blacked out with shade cloth to prevent light
intrusion. Two incubators were operated at the tradi-
tional dark condition (dark group), and another 2
were outfitted with monochromatic green LED strips
(Nodark Biolight Technology Co., Ltd., Wuxi, China)
fixed on racks of each floor, allowing all eggs receiving
uniform light intensity (light group). A total of 600
eggs of each strain were randomly set to the 2 groups.
With 2 incubators (replicates) per group, there were a
total of 150 eggs per replicate. Monochromatic green
lights (520–525 nm) with a schedule of 12L:12D and
light intensity of 200 lx were provided for the first
18 D of incubation in the light group.
Incubation

All incubators were calibrated using a standard ther-
mometer and hygrometer before incubation. The tem-
perature and humidity were monitored every 2 h
during the whole incubation period. The incubation
was maintained at a temperature of 37.8�C 6 0.1�C
and a RH around 60% until day 18. From day 19, eggs
were transferred to hatching baskets, and a temperature
of 37.2�C 6 0.10�C and RH of 70% was set for the
hatcher.
Hatching Time

All eggs were candled on day 10 after incubation. Un-
fertilized eggs or early deaths were removed, and those
with evidence of a living embryo were remained in the in-
cubators until their transfer to the hatching baskets on
day 18. All incubators were stopped at 512 h after incu-
bation. To monitor the hatching process, the number of
hatched chicks was counted every 2 h from 468 h to 512 h
after incubation. Hatch time, time reaching 90% hatch,
average hatch time, hatch window, and peak hatching
period were recorded for each replicate. Hatch time
was defined as the hatching time that 100% hatch of
the batch. Time reaching 90% hatch was defined as the
hatching time that 90% hatch of the batch. Average
hatch time was defined as the total hatching time of all
chicks/the total number of chicks. Hatch window was
calculated by subtracting the hatching time of the last
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chick from that of the first chick (Careghi et al., 2005;
Zhong et al., 2018). The peak hatching period was
defined as the duration time that 30 to 70% hatch of
the batch (Zhong et al., 2018).
Hatching Performance and Chick Quality
Assessment

While counting the number of hatched chicks every
2 h, every chick was weighed and examined macroscop-
ically for chick quality assessment within 4 to 6 h after
their hatch following the method described by Tona
et al. (2003). In brief, chicks were scored for their activ-
ity, appearance (plumage, eyes, and legs), and navel area
(cicatrization, retracted yolk, remaining membrane, and
yolk) within a total score of 100. After quality assess-
ment (every 4–6 h), chicks were moved to the corre-
sponding hatching basket marked with its replicate
and strain to separate from others inside the incubator
until the end of the hatching. The ratio of chick
weight/egg weight was calculated using the average
weight of each replicate. Hatchability of fertile egg, early
death (E0–E10), and late death (E11–E21) were calcu-
lated accordingly.
Posthatch Growth

After sexing, 30 pullets per replicate, making a total
of 60 birds per treatment of each strain, were
randomly selected and reared to monitor their post-
hatch growth. On arrival at the confined and environ-
mentally controlled houses, chicks from each replicate
of 4 strains were placed in 2-story cages on the same
side of the house as per the random-block design.
From 1 to 8 wk, chicks were housed in cages
(75 cm ! 70 cm ! 40 cm) with 10 birds per cage.
Five birds from each cage per replicate were randomly
selected for weighing of BW weekly. From 9 wk, all
birds were transferred to a growing room and housed
in cages (63 cm ! 36 cm ! 33 cm) with 2 birds per
cage until 18 wk of age. One bird from each cage per
replicate were randomly selected for weighing of BW
biweekly. They were fed ad libitum with a standard
commercial pelleted diet of 2,850 kcal ME and 19%
CP for starters (1–8 wk) and 2,800 kcal ME and
15.5% CP for growers (9–18 wk).
Statistical Analysis

The data of hatching time indicators and hatching
performance were analyzed using the 2-way ANOVA
(SAS 9.2, SAS Institute Inc., Cary, NC) in relation to
light treatments and strains of birds. t test was used to
analyze the BW of posthatched chicks. For all the indi-
cators, the incubator was taken as the experimental
unit, and there were 2 replicates per treatment. The
means of data from the 2 replicates were calculated to
represent the treatment. Significance of difference was
set at P , 0.05.
RESULTS

Hatching Time

The distribution of hatching time in both the dark and
light groups is shown in Figure 1. The light group was
found to give the first hatching consistently among the
4 strains. As shown in Table 1, hatch time, time reaching
90% hatch, and average hatch time were shorter in the
light group than those in the dark group (P , 0.01).
Hatch window and peak hatching period were not pro-
longed in the light group compared with the dark group
(P . 0.05). Strains of birds had a significant effect on
hatch time that RIR had the shortest hatch time, fol-
lowed by WL and BR, and CR was the longest
(P , 0.05). There was no significant interaction effect
between light treatments and strains of birds (P. 0.05).
Hatching Performance

The effects of light treatments and strains of birds on
hatching performance characteristics are shown in
Table 2. Light had no significant effect on hatchability
of fertile egg, early death, late death, activity, unhealed
navel, dirty feather, or total chick quality score
(P . 0.05). Columbia Rock and BR had lower hatch-
ability of fertile egg than the strains of WL and RIR
(P , 0.05). Rhode Island Red had the highest early
death, followed by CR and BR, and WL was the lowest
(P , 0.05). Barred Rock and CR had the highest late
death, followed by WL, and RIR was the lowest.
Hatched chicks of CR showed lesser activity, more un-
healed navel, and lower chick quality score (P , 0.05)
than other 3 stains. However, there was no significant
interaction effect between light treatments and strains
of birds on those hatching performance characteristics
(P . 0.05).
Posthatch Growth

Figure 2 showed the posthatch BW of the 4 strains of
pullets from different light treatment groups during the
first 18 wk after hatching. For the 3 strains of WL, CR
and BR, light stimulation had no significant effect on
BW from hatch to 18 wk of age (P . 0.05). For RIR,
the BW in the light group was heavier than those from
the dark group at 8 to 12 wk of age (P , 0.05), and
this difference disappeared from week 14.
DISCUSSION

Light is an important environmental factor in poultry
production. It shows physiological and biological signifi-
cance via the regulation of circadian rhythms and
providing time for rest and regeneration (Zawilska
et al., 2006, 2007; Malleau et al., 2007). Light has been
widely used in different stages of commercial poultry
production except for incubation period. Fertilized
eggs are incubated in complete darkness commercially
owing to concerns about potential adverse effects of light



Figure 1. Hatch accumulation of light and dark groups of White Leghorn (A), Rhode Island Red (B), Columbia Rock (C), and Barred Rock (D).
Data are presented as mean 6 SEM (2 replicates of each group at each incubation time). Abbreviations: dark group, 0L:24D; light group, 12L:12D.
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stimulation on performance and economics. The present
study evaluated the lighted-incubation effects and
explored whether adverse effects would occur on hatch-
ing or posthatch growth performance by using 4 typical
strains of layer breeder eggs.

Several studies had shown that light stimulation dur-
ing embryogenesis accelerated chick embryo develop-
ment and shortened hatching time in layers (Siegel
et al., 1969; Adam and Dimond, 1971), broilers
(Walter and Voitle, 1973; Shafey and Al-Mohsen,
2002), and quails (Walter and Voitle, 1973). Because
fluorescent and incandescent light used in these studies
Table 1. Hatching time related characteristics in relation to light trea

Factor Level Hatch time1 (h)
Time reach

hatch2

Light treatment (L) Dark 510.50a 500.8
Light 505.50b 493.5
SEM 1.02 0.6

Strains (S) WL 508.00b 497.2
RIR 504.50c 496.0
CR 511.00a 499.2
BR 508.50b 496.3
SEM 1.65 2.2

P-value L ,0.01 ,0.0
S ,0.01 0.5
L ! S 0.15 0.4

Data are the mean of 2 replicates.
a–cWithin columns, values with no common letters are significantly differen
Abbreviations: BR, Barred Rock; CR, Columbia Rock; RIR, Rhode Islands
1Hatch time was defined as the hatching time that 100% hatch of the batch
2Time reaching 90% hatch was defined as the hatching time that 90% hatch
3Average hatch time was defined as the total hatching time of all chicks/th
4The peak hatching period was defined as the duration time that 30 to 70%
5Hatch window was calculated by subtracting the hatching time of the last
can release heat and alter the incubator environment,
the effects were supposed to be caused by additional
heat from the light source. In the present study, the
low-power LED strip lights (0.29 W/m2) were used to
verify the potential effects of lighting on hatching time.
To evaluate the impact of monochromatic green light
on hatching time, 3 indicators including hatch time,
time reaching 90% hatch, and average hatch time, which
represent the hatching characteristics, were compared
between groups. Overall, monochromatic green light
stimulation shortened the hatching time, which was
consistent in the 4 layer strains. These observations
tments and strains of birds.

ing 90%
(h)

Average hatch
time3 (h)

Peak hatching
period4 (h)

Hatch
window5 (h)

8a 492.13a 7.31 33.50
6b 485.40b 6.56 32.75
4 0.72 0.34 0.87
5 490.25 6.63 32.00
0 488.40 6.25 31.00
5 487.74 7.63 35.00
8 488.67 7.25 34.50
1 2.16 0.46 0.95
1 ,0.01 0.07 0.46
4 0.48 0.09 0.06
5 0.80 0.11 0.46

t (P , 0.05).
Red; WL, White Leghorn.
.
of the batch.

e total number of chicks.
hatch of the batch.
chick from that of the first chick.



Table 2. Hatch performance characteristics in relation to light treatments and strains of birds.

Factor Level
Hatchability of
fertile egg (%)

Early
death (%)

Late
death (%)

Chick
weight/egg weight (%) Activity (%)

Unhealed
navel (%)

Dirty
feather (%)

Chick quality
score

Light treatment (L) Dark 79.99 5.28 14.73 62.78 86.07 12.92 1.00 97.11
Light 81.48 4.44 14.09 62.77 87.49 15.93 2.53 96.89
SEM 2.05 0.95 2.62 0.65 1.92 3.33 0.49 0.48

Strain (S) WL 85.12a 2.64c 12.24b 69.03b 90.14a 7.52b 2.45 97.52a

RIR 86.68a 8.37a 4.94c 69.03b 89.82a 8.53b 0.76 97.93a

CR 76.56b 5.25b 18.20a 71.86a 80.14b 28.19a 2.28 95.58b

BR 74.58b 3.18b,c 22.25a 72.25a 87.02a 13.45b 1.57 96.97a,b

SEM 0.90 0.70 1.38 0.50 1.85 1.99 0.78 0.53
P-value L 0.15 0.29 0.69 0.78 0.38 0.07 0.05 0.14

S ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 0.35 ,0.01
L ! S 0.84 0.75 0.77 0.64 0.10 0.08 0.51 0.43

Data are the mean of 2 replicates.
Within columns, values with no common letters (a, b, c) are significantly different (P , 0.05).
Abbreviations: BR, Barred Rock; CR, Columbia Rock; Early death, the death from E0 to E10; Late death, the death from E11 to E21; RIR, Rhode

Islands Red; WL, White Leghorn.
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were similar with those of the study by Tong et al. (2018)
who reported a 3.4-h shortened time in broilers using the
monochromatic green LED light. This further confirmed
the subsistent effect of light on hatching time. Shafey
et al. (2005) proposed that the amount and spectrum
could be affected by the different eggshell colors, which
may cause different lighting effects on hatching process.
White eggs of WL and brown eggs of RIR, CR, and BR
were used in the study, and the results here showed that
the effects on hatching time were consistent among
strains with different eggshell color. This suggests that
monochromatic green light shortens the hatching time
regardless of differently pigmented eggs on layers.
The hatching time distribution affected most on chick

qualities and physiological traits of a batch of hatched
Figure 2. BW of pullets in dark and light groups from week 0 to week 18
Barred Rock (D). Data are presented as mean6 SEM (2 replicates of each gro
groups at a given specific week (*P , 0.05, **P , 0.01). Abbreviations: da
chicks (Careghi et al., 2005; Wang et al., 2014). The
hatch window ranges from 24 to 48 h, and early hatched
chicks may suffer from feed and water deprivation for
72 h after hatch by considering the spread of hatch win-
dow, chick handling, and transport time (Noy and Sklan,
1997; Dibner et al., 1998; Careghi et al., 2005). It has
been reported that early feeding improves the initiation
growth in neonatal chicks after hatch, and this effect
may last until marketing (Noy and Sklan, 1997; Bigot
et al., 2003). Layer chicks with 48-h feed and water
deprivation had a lower BW and decreased concentra-
tion of serum glucose, total protein, and triglycerides
up to 56 D (Gaglo-Disse et al., 2010). The scattered
hatching period may impair day-old chick quality and
posthatch performance from the welfare aspect
of White Leghorn (A), Rhode Island Red (B), Columbia Rock (C) and
up at each week of age). Asterisk indicates significant difference between
rk group, 0L:24D; light group, 12L:12D.

mailto:Image of Figure 2|eps
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(Hulet et al., 2007). Hatch window and peak hatching
period, representing the intervals and concentration of
hatching time of a batch hatched chicks, respectively,
were not affected by monochromatic green light stimula-
tion during embryogenesis as observed in the present
study. However, peak hatching period was tending to
be narrowed by the lighted incubation (P, 0.1). The re-
sults were similar to the findings by Tong et al. (2018).
This suggests that light stimulation shortens the hatch-
ing time without scattering the hatching period.

Hatchability is highly related to economic benefits of
hatcheries. Cooper (1972) and Gold and Kalb (1976) re-
ported that lighted incubation using incandescent light
bulbs of 2,500 lx decreased hatchability. This may be
due to the secondary heating. Potential adverse effect
of light stimulation on hatchability had aroused our con-
cerns. There are some studies reported that green LED
light did not affect hatchability and mortality in broilers
(€Ozkan et al., 2012a; Zhang et al., 2012; Archer, 2017) or
turkeys (Rozenboim et al., 2003). Consistent with these
reports, this study showed that monochromatic green
light stimulation did not affect hatchability, early mor-
tality, or late mortality of 4 layer strains. However, there
were differences in hatchability among different strains
here that CR and BR showed lower hatchability than
WL and RIR. It has been reported that large eggs pro-
duce more heat than small eggs (Rahn et al., 1974;
Vleck and Vleck, 1980; Hoyt, 1987; Vleck and Vleck,
1987; Meijerhof and Beek, 1993) and face more diffi-
culties to remove the surplus heat during incubation
(French, 1997), resulting in higher embryo tempera-
tures. It seems true that the difference in hatchability
and late mortality of different strains may be caused
by the egg size, as the average egg weight of low hatch-
ability strains (64.10 6 3.0 g for CR and 63.00 6 3.0 g
for BR) were heavier than that of high hatchability
strains (62.5 6 3.0 g for WL and 61.5 6 3.0 g for
RIR). These could be related to the decreasing ratio be-
tween egg surface and egg content with the increasing of
egg size (Vogel and Gollub, 1995; Lourens et al., 2006)
and reducing air velocity over eggs in incubators
(French, 1997), resulting in less water loss during the
hatching process as confirmed by their higher ratio of
chick weight/egg weight in the present study.

Several previous studies found lighted incubation
improved chick quality in broilers (Archer et al., 2009;
€Ozkan et al., 2012b; Huth and Archer, 2015), layers
(Fairchild and Christensen, 2000; Shafey, 2004b), and
wild birds (Cooper et al., 2011).Most of this improvement
was due to increased navel maturation resulting in less
unhealed navels and navel tags (Shafey et al., 2004a;
Cooper et al., 2011). Navel maturation had been shown
to be influenced by light stimulation during incubation,
which could be related to the more of internalizing the
yolk, resulting in accelerated navel healing than birds
incubated in darkness (Shafey and Al-Mohsen, 2002).
Chick quality, however, does not appear to be strongly
affected by green light stimulation during incubation.
On the one hand, chick quality was performed within 4
to 6 h after each hatch here, whereas on the other hand,
other studies were performed after all hatch of a batch.
Thus, the differences in the assessment time may be the
reason of different effects on chick quality from the previ-
ous studies. However, the chick quality score of CR strain
was lower than that of other 3 strains. The activity and
unhealed navel were affected among the parameters of
chick quality assessment. It maybe also related to the dif-
ficulties to remove the surplus heat in larger eggs.
Green light stimulation during embryogenesis had no

significant effect on posthatch growth of pullets among 3
strains (WL, CR, and BR) during the entire period of
0 to 18 wk after hatching. This observation in broilers
and layers agreed with that of the studies by Archer
et al. (2009), Huth and Archer (2015), and Archer
(2017). These literatures proposed that lighted-
incubation effects on posthatch growth were very limited
and did not result in larger or more efficient birds. BW of
RIR in the light group was increased at 8 to 12 wk, and
the difference disappeared at week 14. This observation
in broilers agrees with that of the study by Shafey and
Al-Mohsen (2002), Zhang et al. (2012), and Rozenboim
et al. (2004). The results suggest that different strains
may have differential responses to light stimulation dur-
ing embryogenesis on posthatch growth.
In summary, the present study confirmed that stimu-

lation with monochromatic green light during embryo-
genesis shortened the hatching time on 4 layer strains.
Adverse effects were not found on hatching and post-
hatch pubertal growth performance. Further research
is needed to determine the molecular mechanism of
lighted-incubation effects on hatching time and to
explore the synergistic effects of different prehatch and
posthatch photoperiods on posthatch growth.
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