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ABSTRACT: Numerous studies have shown the effects of light wave length on the
performance of birds in experimental assays; however, we chose to assess the effects of
various color lights using light-emitting diodes (LED) on Alexandria chicks during the
incubation period to investigate their effects on the morphological, developmental, and
hatching traits in addition to the concentration of growth hormone during the hatching period.
The experiment was conducted in three groups, totaling 1800 eggs, with the eggs being
distributed equally among the groups: the first group of eggs was incubated under white light
for 12 hours followed by 12 hours of LED lighting, the second group of eggs was exposed to
green light (G2) for 12 hours followed by 12 hours of darkness, and the third group of eggs
was incubated for 24 hours of complete darkness. From the obtained results, white and green
light had significant increase in morphological traits during incubation period especially at
12" and 18"days. On the other hand, at hatch (21" day) green group showed highly

significant difference for values of Wing length (4.78 cm) and Hind limblength (7.74 cm)
compared with white and dark groups. Moreover, Compared to the green and dark groups, the
white group's head height (2.14 cm) was the highest. additionally, as compared to chicks
exposed to darkness during incubation, Alexandria chicks showed a notable improvement in
their scientific hatchability. The findings also showed that the unhatched egg characteristic
was significantly lower in the green group (2.7%) than in the dark group (6.3%), and that
there were no unhatched eggs in the white group. Additionally, the early embryonic mortality
percentages of Alexandrian eggs are decreased by green and white light. Growth hormone
levels during the development of embryos were discovered to be highly significant; on the
12" day, embryos exposed to green light were reported to have the highest level (0.796
ng/ml); on the 18™ day, however, the highest level was observed in embryos exposed to white
light (0.520 ng/ml). Previous findings indicate that white or green.
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INTRODUCTION
Light management is a highly effective
method in chicken production. Breeders can
enhance productivity and decrease mortality
by using light-emitting diodes (LED), which
consume less energy and have a longer life
than fluorescent or typical incandescent
lighting (Gongruttananun 2011).Chicken
eggs are frequently housed commercially in
semi- or complete darkness, yet under
natural conditions, avian embryos would
undoubtedly receive some light stimulation
during development (Rogers 1996).
Exposing eggs to light can increase the
embryo’s growth ( Shafey 2004) and
decrease time of incubation (Fairchild and
Christensen 2000). However, numerous
studies have shown the importance of
exposing embryos to light (Shafey and Al-
Mohsen2002 , Archer et al 2009). There is
evidence that exposing embryos to light
during incubation can have an effect on
hatchability (Cooper, 1972; Shafey and Al-
Mohsen, 2002; Shafey, 2004; Archer and
Mench, 2014a and 2014b; Archer, 2015a)
and decrease incubation time (Ghatpande et
al., 1995; Fairchild and Christensen, 2000;
Shafey and Al-Mohsen, 2002; Tong et al.,
2015). Light exposure has been seen to
improve animal welfare posthatch.
Archer (2016) discovered that two different
forms of white light boosted hatching and
were similarly filtered into the red frequency
range. Hluchy et al. (2012) observed that
monochromatic illumination during broiler
egg incubation resulted in  higher
hatchability for red light compared to blue
light, with white light having the highest
overall  hatchability. ~ Archer  (2016)
discovered that red light increased
hatchability in white layer eggs but not in
broiler eggs. Previous studies found that
exposing chicken (Rozenboim et al., 2004;
Zhang et al., 2016) and turkey (Rozenboim
et al., 2003) embryos to green light during
incubation resulted in chicks with higher
BWs and breast muscle weights There has
been little research into how exposing avian
embryos to different wavelengths of light
affects morphological features and growth
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hormone, therefore we carried out an
experiment to investigate this.

Increased hatchability and hatch of
fertile percentages may be linked to
beneficial changes in  hatch-related
hormones,  particularly  thyroid and

corticosterone, in response to light exposure
treatments (Tong et al. 2018). Furthermore,
this improvement could be attributed to
having a positive effect on an embryo's
developmental pace, as the study found that
light  during incubation  accelerates
embryonic development (Ghatpande et al.
1995). Furthermore, it could be attributed to
a shift in the melatonin cycle in embryos
exposed to light during incubation (Tong et
al. 2018).

The objective of this work is to study the
effect of different wave lengths (colors) of
LED light on embryo development during
incubation and some chick’s traits at hatch.
To achieve this goal, the following tasks
were performed:

- Study the morphological parameters of
chicken embryos of different wave lengths
(colors) of LED light during the incubation
period.

- Study the biochemical Examination of
growth hormone of chicken embryos of
different wave lengths (colors) of LED light
during the incubation process.

- Study the chick’s traits at hatch (hatching
&morphological traits) of different wave
lengths (colors) of LED light.

MATERIAL AND METHODS

The present study was carried out at the poultry
research center, poultry faculty of Agriculture,
Alexandria University, and also carried out at
Histology and Pathology Laboratory of Medical
Technology Center during incubation season.
During the month of November2019 to February
2020. All treatments and chicks care and use
committee  in  AU-IACUC,  Alexandria
University Egypt with the review report number
AU08190115207.

A total of 1800 Fertile Alexandria chicken eggs
were used. Eggs were weighed, numbered, and
placed in commercial incubator located in dark
room. Eggs were divided equally into three
groups, two light treated groups (white - green)
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from the first day of incubation until 18" day,
and the control group.

Light treatments were allotted into three trials,
first trial eggs were incubated in white LED light
(full spectrum), the second trail was in Green
LED light (wavelength 510-530 nm) and the
third group was incubated in complete darkness.
Incubator was outfitted with four bulbs. Two
bulbs at each side of incubator located 10 cm
above the eggs in the compartment of the light
treatment. Light intensity was 12W/m? at the top
surface of the eggs. Lighting managements
(white and Green) were operated by an
automatic timer to 12 hours light and 12 hours
off (12 L: 12 D) light schedule (Archer, 2015).
The front windows of incubator were blacked
out with cardboard to prevent light intrusion into
the machine and treatments were separated by
black curtains to eliminate any crossover
stimulation. The eggs were moved to the hatch
on 18" day. The hatch had no light and the eggs
were in complete darkness. After complete
hatching process, the non-hatched eggs were
broken and examined for fertility, hatchability
and embryonic mortality percentages.

Studied traits:
1-Embryo
incubation:
A. Morphological measurement.

An equal number of eggs were opened in
each  treatment ,18 Chicks were
morphologically examined, weighed and
measurements were carried out for two
morphometric parameters on ages 4", 8"
12" and 18™ days of incubation by using
sensitive balance and tap measure:

-Body weight

-Body length

B-Growth hormone concentration.

Few embryos form each group were
immediately frozen for biochemical
investigations. Biochemical studies were
carried out on ages 12 and 18 days of
incubation. Embryos were carefully
removed from the yolk and membranes
and they were transferred to a new saline
solution for washing then stored in -80 °C.
For preparation of 10% weight/volume
homogenate, 0.5 g of chick embryo tissue
was homogenized in 5 ml (0.0067 M)
phosphate  buffer (pH 7.4) using
homogenizer  (Unidrive 1000 D,

development during

519

Germany). The homogenates  were
centrifuged at 5000 rpm for 20 min and the
supernatant was kept frozen at -20°C for
the subsequent biochemical assays.

The Growth hormone concentration in all
samples was measured using a commercial
Elisa kit of anti-chicken IGF-I1 (USCN Life
Science and Technology Company,
Wuhan, China; Liu et al., 2010), which
designed to detect and quantify the level
growth hormone in serum, plasma, and cell
culture media.

2. Chicks traits at hatch:

A- Hatching traits

-Scientific hatchability percentage.

- Embryonic mortalities.

- Un hatched eggs.

Scientific hatchability percentage (No. of
hatched eggs / Total number of fertile
€ggs)*100, embryonic  mortalities  of
Alexandria chicken eggs .

B -Morphological Traits at hatch

Chicks were morphologically examined,
weighed and measurements were carried out
for six morphometric parameters on 75 chicks
from each treatment by using tap measure:
1-Head height

2-Crown —rump (body length)

3-Wing length

4-Body weight

5-Hind limblength

6-Head circumference

Statistical analysis:

Duncan's multiple range test (Duncan's
,1955) was used to test differences within
means  of treatments while level of
significances  was set  typically at
minimum (P<_ 0.05) .

The statistical model for analysis data was
as following:

Yij= p+Titej

Where:

Yj; = the observation.

K = the overall mean .

Ti= The effect of light groups.

eij = Random error.
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RESULTS AND DISCUSSION

1-Embryo development during
incubation:

A. Morphological measurements:
Body weight

Table (1) Determine the body weight of
embryos incubated in various light colors
(white-green-dark) . at different ages. The
results were significant in all treatments
during incubation, with the exception of the
gt day, when no significant difference was
seen between treatments.

On the other hand, embryos incubated under
white light had a significantly higher body
weight than those incubated under green or
darkness on the fourth day, while embryos
incubated under both white and green lights
had a significantly higher body weight than
those incubated under dark conditions on
the12™"day.

Finally, the body weight of embryos
incubated under green lights on the 18" day
differed significantly from the white and
dark groups. This result is in good
agreement with the result of ( Shaefy and
Mohsen, 2002), who reported that
continuous stimulation with green light
enhances embryo development and body
weight.

Body length

The effect of various color lights on
embryos body length during incubation at
different periods of age are presented in
Table (2).

The results demonstrated that the embryos
that incubated under white and green lights
at 4™ 12™and 18" days had higher
significant differences in the values of body
length than the embryos that incubated under

dark condition.

Meanwhile, There was no significant
observed between treatments on embryos

body length on 8" day

Oso et al (2023) reported the effects of
incubation under light for different durations
at differing periods during incubation on
embryonic development parameters are
showed that Exposure of eggs to light during
incubation had no significant effect on the
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development of all the parameters measured
compared to incubating under darkness
throughout incubation. The timing of
exposure to light influenced embryo length
development. Eggs exposed for 21 days
(TB) had a higher length compared to those
exposed for 7 days (TD).

B- Growth hormone concentration:

Table (3) shows the growth hormone levels of
Alexandria embryos that incubated under
different light colors at 12™ and 18" days.

The results showed a highly significant
difference  between  all  treatments.
Green light treatment resulted in a highly
significant difference (0.796 ngh/ml) in
growth hormone levels at the 12" day of
incubation compared to the white and dark
groups, whereas white light treatment had
the same effect (0.520ng/ml) on growth
hormone levels at the 18" day as the green
and dark groups. These findings suggested
that incubation under varied color lights
resulted in an increase in growth hormone
release, which improved the growth and
development of birds.

It has been suggested that in-ovo green light
photostimulation might act centrally by
activating neuroendocrine agents, such as
melatonin, it was found to be higher, when
chicks were exposed to GL photostimulation
(Zhang et al., 2016). This raising might
increase GHRH mRNA gene expression in
the hypothalamus (Zhang et al., 2016).

1- Chicks traits at hatch:

A- Hatching traits:

Fertility and hatchability:

The fertility and scientific hatchability
percentage of Alexandria chicks incubated
in different light colors are presented in
Table (4) and Figures (1& 2).

It was clear that, higher significant
differences in scientific hatchability of
Alexandria eggs treated with white and
green lights (94.14 %, 92.43%) compared to
those exposed to dark condition (86.84%).
The same results were recorded by Shafey and
Al-Mohsen  (2002) observed that eggs
incubated under green light had significantly
higher hatchability than those incubated
under the dark treatment.
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The White light treatments produced more
viable eggs than the Green and Dark
treatments, however it has been discovered
that Green light did not improve hatchability
in his investigation, implying that the
wavelength of light is responsible for
increased hatchability. (Archer (2017). This
findings, however, contradicted Bowling et
al ., (1981) found that white light incubation
reduced the hatchability of White Leghorn

non-significant differences among different
light colors were recorded (Archer, 2017).
B-Morphological Traits.

Table (5) elucidate morphological traits of
embryos that incubated under different light
colors (white-green dark) at hatch (21% day
of age).

The results clarified improvement in body
weight trait by using white and green lights
during incubation but without significant

eqggos. recorded between the three group. However
Embryonic mortalities and unhatched  green group showed highly significant
egags : difference for values of wing length and

Early and late embryonic mortalities
percentages of Alexandria eggs in different
light colors are presented in Tables (4) and
Figure (3).

The dark group showed the highest
significant differences for early embryonic
mortality percentages (5.7 %) compared
with white (3.7%) and green (3.2%) while
for late embryonic mortality the dark group
expressed the lowest significant difference
(1%) relative to white (2.1%) and green
group (1.6 %).

The results also revealed that, the green
group expressed higher significant in
unhatched eggs trait (2.7%) than dark group
(6.3%). While in white group there is no
unhatched eggs observed.

Significant differences for early and late
embryonic mortality percentages among
different light colors were recorded by
(Shafey and Al-Mohsen, 2002). However

hind-Limb compared with white and dark
groups. Moreover, white group achieved the
highest value of head hight in the
comparison with green and dark groups.

On the other hand birds that incubated under
white and green lights showed higher
significant differences for crown. Ru than
those subjected to dark condition. According
to the researches done by Hashemian et al (
2024) The body weight of hatched chicks at
24D was higher than that in the 12L:12D
green lighting group; however, indices of
skeletal growth (the beak and the digit) and
embryonic  development  (crown-rump
length) did not change significantly (P>0.05,
Table 5). On the other hand, Tong et al.
(2015) reported that the use of light
treatment resulted in longer crown rump,
beak, and digit lengths in hatchlings. This
discrepancy could be related to the light's
duration and intensity in this and the current
studies.

Table (1): Effect of different color lights on body weight (BW) at different period of age
during incubation period for Alexandria chicks.

Age Embryo BW4 Embryo BW8 Embryo BW12 | Embryo BW18
’ (gm) (gm) (gm) (gm)
Treatments
a a ab
White light 0.09b 1.28 5.17 21.69
a a
Green light 0.06b 1.18 5.16b 23.88b
Dark 0.05 1.18 4.57 20.02
MSE 0.01 0.11 0.32 2.10
P value 0.0001 0.165 0.003 0.010

Means carrying different litters within the same column are significantly different (P < 0.05)
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Table (2): Effect of different color lights on embryo body length (BL) at different period of age
during incubation for Alexandria chicks.

Age Embryo BL4 Embryo BL8 Embryo BL12 Embryo BL18
Treatments (cm) (cm) (cm) (cm)
a a a
White light 0.81 1.92 4.07 6.14
a a a
Green light 0.80b 1.87 4.07b 6.17b
Dark 0.51 1.78 3.30 5.24
MSE 0.11 0.13 0.38 0.37
P value 0.0002 0.173 0.001 0.0002

Means carrying different litters within the same column are significantly different (P < 0.05).

Table (3):Effect of different color lights on growth hormone (ng/ml) levels at the 12™ and 18"

day of incubation.

Items
AT 12" day AT 18" day
Treatment

White light 0.470° 0.520°
Green light 0.796° 0.460°
Dark 0.5000" 0.243°
MSE 0.0686 0.0815
P value 0.0001 0.0001

Means carrying different litters within the same column are significantly different (P < 0.05)

Table (4): Effect of different color lights on fertility, scientific hatchability, embryonic
mortality (Dead 1&2) and unhatched eggs.

Treatments
Traits — - MSE P- value
White light | Green light | dark
Total egg set (eggs) 600 600 600 - -
No of fertile eggs (eggs) 564 555 570 - -
No. of chicks (chicks) 531 513 495 - -
Fertility(% ) 94.00 92.50 95.00 3.74 0.634
Scientific hatchability(%6) 94.14° 92.43* | 86.84°| 3.13 0.032
Dead 1 (%) 3.72° 3.24° 5.78 1.52 0.021
Dead 2 (%) 2.12 1.62 1.05 1.03 0.216
Unhatch egg (%) 0 2.70 6.31 - -

Means carrying different litters within the same column are significantly different (P < 0.05)
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Table (5): Effect of different color lights on morphological traits of Alexandria chicks at 21"
day of incubation (at hatch).

Items B.W Crown Wing Head Head Hind
(gm) Rump length | circumference | length limb

Treatme (cm) (cm) (cm) (cm) (cm)
a b a b

White light | 38.24 | 1096 4.47 6.22 2.14 7.13
Light Green | 39.20 1().97a 4_78a 6.09 2.()1b 7,74al
b a b c

Dark 37.08 9.78 4.79 6.23 1.94 6.56
MSE 3.05 1.07 0.42 0.36 0.12 0.54
P value 0.44 0.0003 0.011 0.17 0.0001 | 0.0001

Means carrying different litters within the same column are significantly different
(P <0.05).

Fertility %

95.00 -

94.00 -~

93.00 - M Fertility

92.00 ~

91.00

White Green Dark

Figure (1): Effect of different color lights on fertility Percentage.

94.00 - Scientifc.Hatchability
93.00 -

92.00 -

91.00 -

90.00 -

89.00 - ﬂ

88.00 T T 1

White Green Dark

Fig (2): Effect of different color lights on Scientific Hatchability
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O N b O

White
1 Green
T \ \ Dark
Deadl1% Dead2% Unhatched
egg%

Figure (3): Effect of different color lights on embryonic mortalities and unhatched eggs of
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