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artificial lighting Light is an important environmental factor for birds, allowing not only their vision, but also
egg production influencing their physiological responses, such as behavioral and reproductive activity. The
color of light source objective of this experiment was to evaluate the impact of different colors of monochromatic

light (LED) sources in laying hens production during the second laying cycle. The study was
conducted in an experimental laying house during 70 days. A total of 300 laying hens Isa Brown®
genetic strain, aged 95 weeks, in the second laying cycle were used in the study. The artificial
light sources used were blue, yellow, green, red and white. The light regimen was continuous
illumination of 17 h per day (12 h natural and 5 h artificial) in a daily light regimen of 17L:5D
(light: dark). The Latin Square design was adopted with five treatments (five colors) divided into
five periods, and five boxes, with six replicates of ten birds in each box. The production and egg
quality were evaluated. The different colors of light source did not affect production parameters
or egg quality (p > 0.05). The monochromatic light source may be considered as an alternative
to artificial lighting in laying hens during the second production cycle.

Palavras-chave: Fonte monocromatica diodo emissor de luz (LED)
luz artificial . . . ~
producio de ovos em galinhas poedeiras de segundo ciclo de producao

cor de fonte luminosa RESUMO

A luz é importante fator ambiental para aves permitindo nio s6 a visio, mas também
influenciando as respostas fisioldgicas, como a atividade comportamental e reprodutiva. O
objetivo deste experimento foi avaliar o impacto de diferentes cores de luz monocromética
(LED) na produgéo de galinhas durante o segundo ciclo de postura. O estudo foi realizado
em um galpao de postura experimental, durante 70 dias. Um total de 300 galinhas poedeiras
da genética Isa Brown®, com idades de 95 semanas, no segundo ciclo de postura foi utilizado
no estudo. As fontes de luz artificial utilizadas foram azul, amarelo, verde, vermelho e
branco. O regime de luz era iluminacéo continua de 17 h por dia (12 h natural: 5 h artificial),
em regime de luz de 17L:7E (luz: escuridao). O delineamento estatistico adotado foi de
quadrado latino, com cinco tratamentos (cinco cores), dividido em cinco periodos e cinco
parcelas com seis repeti¢des de dez aves em cada parcela. A produgéo e a qualidade dos
ovos foram avaliadas. As diferentes cores de fonte de luz nido afetaram os pardmetros de
produc¢io nem a qualidade dos ovos (p > 0,05). A fonte monocromatica de luz LED pode
ser considerada uma alternativa para a iluminacéo artificial em galinhas poedeiras durante
o segundo ciclo de produgéo.
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INTRODUCTION

Light is an environmental factor extensively used to
improve poultry production as it influences the physiological
responses related to hens’ reproduction and behavior (Rossi
& Pompei, 1995; Freitas et al., 2005; Deep et al., 2010).
Reproductive performance of hens is dependent on the proper
management of light, involving the quantity, the color and the
frequency spectrum (Gongruttananun & Guntapa, 2012). The
birds’ response to visible radiation has a peak on the yellow-
green bands of the light spectrum (545-575 nm), and it is
responsible for their growth and behavior (Mobarkey et al,,
2010). Gongruttananun (2011) found that the spectrum of red
light accelerates sexual development. Artificial lighting system
for laying hens using light emitting diodes is beneficial to the
reduction of production costs (Gongruttananun & Guntapa,
2012).

Light-emitting diode (LED) has been used worldwide in
various areas, since it represents a financial benefit in reducing
the costs (Taguchi, 2008). Several studies have been carried out
in the use of LED in poultry production (Benson et al., 2013),
including the use of different LED colors in the improvement of
eggshell quality, in layers production (Er et al., 2007), and the
enhancement of broilers’ blood lymphocytes (Xie et al., 2008).
LED is a semiconductor device that emits spatially incoherent
light at a relative narrow frequency spectrum generated by an
electroluminescence effect. The color of the bulb depends on
the composition and condition of the applied semiconductor
material and may range from ultraviolet to infrared (Carvalho,
2007). LEDs may be used up to 50,000 h, which much longer
than incandescent and compact fluorescent lamps, whose life
is 1,000 and 8,000 h of use, respectively (Taguchi, 2008).

Layers hens are often subjected to forced molting (Fassani
et al., 2002; Souza et al., 2010) which is a procedure usually
used in developing countries, in order to prevent the age
related decline in egg yield and eggshell quality (Khan et al,,
2011). Effectiveness of induced molting changes according to
the methods, breed and age (Ocak et al., 2004). Egg weight,
and the albumen index, yolk index and yolk color values are
reported to increase gradually with hens’ age (Borille et al.,
2013) while some eggshell thickness decrease in older hens
(Souza et al., 2010).

The objective of this study was to evaluate the use of
different LED colors in artificial lighting in layers hens on egg
yield and quality during the second production cycle.

MATERIAL AND METHODS

The experiment was approved by the Universidade Federal
da Grande Dourados - UFGD ethics committee (protocol #
010/2013), and it was conducted in the experimental poultry
sector at the Faculdade de Ciéncias Agrarias, UFGD (latitude
23°28'28" S and longitude 54° 11' 06" W) during the months
from May to July, 2013. The study was divided into five periods
of 14 days, being conducted in an open sided and naturally
ventilated house, with polypropylene yellow lateral curtains.

A total of 300 commercial laying hens from Isa Brown’
genetic strain were reared in a three-tier cage system, equipped
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with trough feeders and nipple drinkers. Inside the house, five
rooms were built in which six cages were placed with a capacity
of 10 birds each, totaling six replicates each. The ambient was
divided using plywood boards so that the artificial lighting of
each light source tested did not interfere too much. The birds
were reared and grown prior to the start of the experiment,
using a regimen of 17 h of light per day (natural plus artificial
light) with incandescent light bulbs (17L:7D; light: dark).

Moult by feeding hens with fodder containing 95% of wheat
bran was induced when they were 91 weeks old, as suggested
by Biggs et al. (2003). Moulting period lasted 4 weeks for all
groups, and during this time all hens were exposed to normal
day lighting of 12 h. After moulting hens were fed a diet
based on corn and soybean meal, formulated according to
the nutritional recommendations for Isa Brown' layer hens.

The tested LED light sources were red (600-630 nm), white
(2,800-3,200 K), blue (450-460 nm), yellow (580-590 nm),
and green (510-530 nm). The wavelengths of LED colors were
assessed using a meter (Chroma Meter CL 200, KonicaMinolta’
Sensing Inc., Osaka, Japan). The artificial lighting system of
this experiment was connected to a timer in order to provide
a continuous regimen of 17 h of light per day (in average of 12
h natural:5 h artificial LED light source), and 5 h of darkness
(17L:5D; light: dark). Light intensity (20 Ix) was standardized
across all sources of light.

The experimental period was 14 days. Eggs were collected
once daily at 10:00 h, and daily egg production (P) was recorded
and expressed as a percentage (%). Eggs were weighed (EW)
using a 0.01g-precision digital scale and egg mass (EM) was
calculated as shown in Eq.1.

EM=P-EW (D

where:
EM - egg mass, g;
P - eggproduction, %; and
EW - egg weight, g.

The average feed intake was calculated by the weight of
the trough feeders, recorded in a spreadsheet and expressed
in grams per bird per day (g bird' d').

On the last day of each experimental period (14 days), five
intact eggs were randomly selected from each replicate (50%
of the eggs produced on that day), identified, and weighed
(using a 0.01 g-precision digital scale). Those eggs were used
to determine internal and external quality characteristics
(egg specific gravity, eggshell thickness, albumen height). Egg
specific gravity was determined using a saline solution (1060
to 1100 g cm™ water) and albumen height was calculated by
means of a digital caliper. Eggshell thickness was measured
central region of the egg with the aid of a digital caliper. Both
yolk weight and the shell weight were calculated as a percentage
of egg. Haugh unit was calculated as shown in Eq. 2.

UH = 1001og[H+7.57—1.7(EW0-37)] )

where:
H - albumen height, mm; and



EW - egg weight, according to Haugh (1937).

A Latin square design was adopted totaling five treatments
(five LED colors), five boxes with six replicates of 10 birds each
box, during five period of 14 days. Data were tested to normality
and subjected to one-way analysis of variance (ANOVA) using
the computational software Core Team' (2012).

RESULTS AND D1SCUSSION

No change in egg production was found (p = 0.53) when
layer hens were exposed to different LED colors (Table 1).
Jacome et al. (2012) also observed that the LED colors did not
affect the production indices of laying quails. Mobarkey et al.
(2010) show that the peak sensitivity on the yellow-green bands
of the light spectrum (545 to 575 nm) might responsible for
the growth and behavior of birds; however, it does not directly
influence egg production.

The effect of these different colors was not found in the
present study, probably because layer hens in the second
production cycle are already adapted to the light stimulus
produced by the light source, which emits a broad spectrum
of lighting. Studying the impact of light on egg production
(using natural light, LED red, and fluorescent lamp with
LED red) Gongruttananun (2011) found that layers exposed
to fluorescent lamp with LED red, and LED red alone began
the laying period earlier than the treatment with natural
light, indicating that the red color might impact the total egg
production of layer hens. Similarly, Kim et al. (2010) found an
increase in the production of eggs and ovarian weight in birds
exposed to red LED and the authors indicate that the spectrum
of red color accelerates sexual development (Huber-Eicher et
al., 2013).

The results of average egg weight were similar (p = 0.73,
Table 1). In a study conducted by Gongruttananun & Guntapa
(2012) the use of red LED did not affect egg weight and quality.
Studying the impact of different LED colors in comparison
with the incandescent light bulb on performance of layer
quails Jacome et al. (2012) found no influence of color on the
egg weight, in agreement with the results found in the present
study. However, Er et al. (2007) indicate that the use of LED red
might increase the egg weight. Contradiction on the different
results indicates that this subject should be further investigated.

Mean feed intake did not differ (p = 0.35) between
treatments (Table 1). Similar results were found by Jacome

Table 1. Egg yield per day per housed bird in 14 days (Prod,
%), average egg weight (EW), feed consumption per bird
per day (FC/B/D), and egg mass (EM) of hens exposed to
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et al. (2012) which, in addition to evaluate feed intake, of
laying quails also investigated the frequency of accesses to
the feeders when subjected to artificial lighting with different
LED color and incandescent lamps. The authors found that
the birds presented more access to feeders in ambient with
incandescent lamp and blue LED than in ambient with other
tested light sources. Gongruttananun (2011) did not find a
difference on feed intake in the experiment with different
light sources. However, Gongruttananun & Guntapa (2012)
found improvement in feed conversion ratio of birds exposed
to natural light and red LED complemented with red LED,
when compared to the use of natural light. Min et al. (2012)
reported decreasing in feed conversion of hens reared under
LED red light source.

Egg mass did not differ among treatments (p = 0.42;
Table 1). Layer hens in the second cycle usually reduce eggs
production and egg quality. Albumen height did not differ (p
> 0.05) between treatments (Table 2).

The albumen height is generally affected by the age of the
birds, the storage time and environmental variables, tending to
decrease with increasing age of hen and the egg storage time.
The average of the Haugh (Table 2) did not differ between
treatments. Similar results were found by Gongruttananun &
Guntapa (2012) in an experiment using LED light red color and
natural light. Eggshell quality was assessed by the eggs specific
gravity, and it remained similar between different LED colors
(p = 0.390; Table 2). In a previous study by Gongruttananun
(2011), the structure of the eggshell was not affected by the
LED light red, with similar results from the present research.
However, Er et al. (2007) found differences in shell quality of
eggs from laying hens exposed to monochromatic light in red,
green and blue colors, when compared to incandescent lamps.
The authors stated that the peel strength was higher for the
egg from the green light treatment, when compared to other
treatments. Other authors claim that the LED red color light
sources lead to improvement in the eggshell thickness (Min
et al., 2012; Kim et al., 2010).

The composition of each component of the egg (albumen
percentage, percentage of yolk and eggshell percent) did not
differ (p = 0.05) between the LED colors tested (Table 3). The
results might be associated to other factors such as the age of
the birds, management and rearing environment and these
factors may affect the composition and structure of laid eggs.
The molting process affects the birds’ physiology and thus it
reflects the final response of egg production (Rossi & Pompei,
1995).

Table 2. Albumen height (AH), Haugh unit (HU), specific
gravity (SG), eggshell thickness (ET) of eggs from hens

LED lighting exposed to LED lighting
LED Prod LED
o (%) EW FC/B/D EM Color AH HU SG ET
Red 73.04+256 66.46+1.62 0.112+0.06 48.80+1.62 Red 740+0.29 82.67+1.72 1081.4+2.63 0.251+0.07
White 7307219 66.90+x1.12 0.112+0.01 48.81+1.12 White 7.37x0.16 82.53+1.09 1081.6x1.21 0.248=0.07
Blue 7216334 66.57+1.64 0.111+£0.04 47.94+1.64 Blue 7.34+0.20 8227+1.06 1082.1+0.83 0.250=0.01
Yellow  72.66+2.01 66.62+1.33 0.112+0.04 48.43+1.33 Yellow 7.52+0.12 83.75+1.21 1080.5+6.61 0.233=0.01
Green 7469+1.62 67.46+1.62 0.114+0.05 49.80+1.62 Green 7.63+0.13 84.10+0.81 1081.3+x1.26 0.249+0.05
p-value 0.53 0.73 0.35 0.42 p-value 0.72 0.68 0.40 0.390

Anova results (p > 0.05), *standard error

Anova results (p > 0.05), *standard error
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Table 3. Percentage ratio of the components of the eggs
percentage of albumen (Alb %), yolk percentage (Y %),
and the percentage of eggshell (ES %) of hens exposed to

LED lighting
LED Alb Y ES
Color (%)
Red 64.30+1.14 25.36+0.62 10.32+0.87
White 65.44+0.50 25.07+0.49 9.48+0.29
Blue 65.09+0.37 25.41+0.22 9.49+0.21
Yellow 64.98+0.28 25.68+0.38 9.32+0.20
Green 65.18+0.71 25.55+0.33 9.25+0.33
p-value 0.80 0.68 0.58

Anova results ( p> 0.05), *standard error

Further studies are needed to identify the economic
advantages in using LED lighting in rearing environment of
laying hens, since the use of this light source does not impact
in egg production and quality.

CONCLUSIONS

1. The use of different colors of LED light sources used in
rearing ambient of layer hens in the second cycle did not affect
their egg production.

2. No impact in the egg quality was found in hens exposed
to different LED colors.
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