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ABSTRACT The low uniformity in light distribution
provided by conventional lighting systems installed in
laying poultry can compromise the productive perfor-
mance and egg quality of laying hens. Thus, the aim of
the current study is to evaluate the effect of a linear
lighting system with light-emitting diode (LED strip)
on the productive performance and egg quality of
laying hens, by comparing it to the conventional LED
lamp lighting system. The study used Hy-Line Brown
hens from a commercial production unit. Hen-day egg
production (%), mortality rate (%), egg weight (g),
albumen height (mm), Haugh unit, eggshell thickness,
ublished by Elsevier Inc. on behalf of Poultry Science
nc. This is an open access article under the CC BY-NC-ND
//creativecommons.org/licenses/by-nc-nd/4.0/).
pril 3, 2019.

November 5, 2019.
nding author: jdsgbarros@gmail.com

1369
eggshell strength, and thermal-environment conditions
were evaluated from the 19th to the 48th wk of age.
The results have shown that LED strips were capable
of improving egg production (P , 0.05) in comparison
to LED lamps. Egg quality was not affected (P . 0.05)
by the evaluated lighting systems throughout the
experimental period. Results of the current study
indicate that the homogeneous illuminance distribution
provided by the linear LED strip lighting system at
different cage floors improved egg production in com-
parison to the conventional LED lamp lighting system.
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INTRODUCTION

Lighting is an important environmental factor used to
control the physiological functions of poultry, because it
affects their behavior, well-being, and productive perfor-
mance (Lewis and Morris, 1999; Parvin et al., 2014), as
well as egg quality (Renema et al., 2001; Yildiz et al.,
2006; Er et al., 2007). Thus, the effect of lighting on
laying hens has been extensively investigated.
Proper illuminance supply is essential to stimulate hy-

pothalamic photoreceptors and to activate reproductive
mechanisms in poultry (Baxter et al., 2014). According
to the technical manual by Hy-Line International
(2017), illuminance lower than 5 lux does not stimulate
poultry, whereas illuminance higher than 50 lux can
stress them; thus, it is necessary adopting mean illumi-
nance of approximately 30 lux. Some studies have
recommended using minimum illuminance of 10 lux
(Lewis and Morris, 1999; Morris, 2004; Cotta, 2014).
Thus, artificial lighting has been used on a large scale
to meet the light needs of laying hens in egg
production units.

Conventional punctiform lamps used in vertical
poultry production systems enable low uniformity of
light distribution because there is high illuminance in re-
gions close to the lamps and low illuminance in the
farthest regions; the uneven light distribution happens
both vertically and horizontally (Ribeiro et al., 2016;
Thomson and Corscadden, 2018). Some studies have
shown that uneven lighting (Yildiz et al., 2006; Rossi
and Massarotto, 2015) and low illuminance (Renema
et al., 2001; O’Connor et al., 2011) can compromise the
productive performance of birds. In addition, studies
have shown that high illuminance can lead to bird
stress and to increased mortality rates (Kjaer and
Vestergaard, 1999; Mohammed et al., 2010), as well as
compromise egg production (Pyrzak et al., 1984;
Hartini et al., 2002; J�acome, 2009). However, there is
divergence in the literature about the influence of light
on the productive performance and egg quality of
laying hens. Hill et al. (1988) and Tucker and Charles

https://doi.org/10.1016/j.psj.2019.11.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jdsgbarros@gmail.com


Figure 1. Floor plan (A) and cross-section of commercial poultry house (B).
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(1993) did not find effects of illuminance on egg produc-
tion. Kamanli et al. (2015) and Long et al. (2016a, b) did
not observe effects of different lamp types on egg quality.
Thus, it is necessary conducting further studies about
this topic.

Therefore, the hypothesis of the current study was
that uniform light distribution at bird level and proper
illuminance supply can improve the productive perfor-
mance and egg quality of laying hens. Accordingly, the
aim of the current study was to evaluate the effect of
the linear lighting system with light-emitting diode
(LED) on the productive performance and egg quality
of laying hens by comparing it to the conventional
LED lamp lighting system.
MATERIALS AND METHODS

This research was approved by the Commission of
Ethics in the Use of Animals of the State University of
Campinas—CEUA UNICAMP, n. process 4685-1/
2017. The study was conducted in a commercial poultry
farm in Sumar�e, Sao Paulo, Brazil, from January to
August 2018.
Poultry House

The poultry house dimensions were 127 m length,
15.60 m width, and 6 m ceiling height (Figure 1). The
roof was covered with aluminum roofing tiles, and it
had a water sprinkling system to enable cooling the in-
ternal environment. The air conditioning was based on
a negative pressure system, which comprised 24 exhaust
fans and evaporative plates formed of clay bricks placed
in transverse direction. The air conditioning system was
thermostatically controlled by a temperature sensor
placed in the center of the shed; it was triggered when-
ever the temperature reached 18�C. The poultry house
was oriented in East-West direction. The shed had 4
cage batteries (B1, B2, B3, and B4) placed 1.5 m apart
from each other. Each battery comprised 2 cage sides
and 6 overlapping floors. Each cage was 1.20 m long,
0.78 m wide, and 0.55 m tall. Trough-type feeders and



Figure 2. Cage presenting LED strip installed above the feeder at 30�
angle facing inside the cage. Abbreviation: LED, light-emitting diode.
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nipple-type drinking fountains were coupled to the
cages.
Lighting Systems

The herein evaluated lighting systems were (1) linear
lighting system (LED strip) placed in laying cages
(0.132W/cage) and (2) conventional LED lamp lighting
system (9 W bulbs whose consumption was
0.194 W/cage). Both lighting systems had 3,000 K light
spectrum. The LED strips were placed at 5 cage floors
(F1, F2, F3, F4, and F5), above the feeder (0.05 m
away from the frontal part of the cages), at 30� angle
to the horizontal plane, and facing inside the cages
(Figure 2). Thus, the LED strips provided illuminance
both at the feeder site and inside the cages. LED lamps
were placed 1.08 m above the fifth floor (F5) of the
cage batteries.
The lighting regime started when the hens were 17 wk

of age; each session lasted 15 min. The light intervals
increased by 15 min every week until they reached
16L: 8D photoperiod (artificial light 1 natural light).
The artificial light system turned on and off at 2 am
and 6 am, respectively.
The LED strips were adjusted, with the aid of a lux

meter, to provide 20 6 0.2 lux at feeder height and
11 6 3.5 lux inside the cage at birds’ head height
(approximately 0.38 m high). Measurements were also
taken in the plot equipped with LED lamps, both at
feeder height and inside the cage, at each cage floor
(Table 1). Measurement procedures were performed
below and between lamps.
Experimental Design

The current study adopted the split-split-plot design
with 2 randomized blocks. Each lighting system
comprised 30 cages per floor on both sides of the B4 bat-
tery (Figure 3). The sides of the B4 battery represented
blocks 1 and 2 (repetitions). The lighting systems repre-
sented the plots, whereas the cage floors represented the
subplots, and the age of hens the sub-subplot. In total,
300 cages were used in each lighting system. The sub-
plots were 36 m long. The lighting systems were sepa-
rated from one another by plot-end borders comprising
9 cages (10.8 m long) avoid influence between systems.
Hens and Management

Analyses were carried out in Hy-Line Brown hens,
from the 19th to the 48th wk of age.

First, 15-week-old hens (mean weight 1.339 kg; 94.4%
weight uniformity) were placed in the poultry house. At
the end of the experiment, when the animals were 48 wk
of age, they presented mean weight 2.089 kg and 82.89%
weight uniformity (data provided by the farm). In total,
38,801 hens were randomly housed in 2 cage batteries
(batteries 3 and 4). Approximately 17 hens were placed
in each cage—housing density was 550 cm2/bird. When
they were 18 wk of age, each lighting system had nominal
size of 5,000 laying hens. Food and water were supplied
ad libitum.
Data Collection and Measurements

Thermal Environment Air temperature and relative
humidity conditions were monitored in each lighting sys-
tem. Portable dry bulb temperature (�C) and relative air
humidity (%) registers (HIGHMED, model HMS-305,
Sao Paulo, Brazil, 60.6�C precision and 63% RH)
were installed at each cage floor (F1, F2, F3, F4, and
F5). Measurements were continuously taken every
10 min, throughout the experimental period. The
temperature–humidity index (THI) was calculated
through equation 1, which was developed by Thom in
1958 and quoted by Buffington et al. (1981).

THI5Tdb10:36Tdp141:5 (1)

wherein: Tdb represents the dry bulb temperature, �C, and
Tdp is the dew point temperature, �C.
Productive Performance of Hens The experimental
period was divided in 2 periods: the period before peaking
lay (Period 1) and the period after peaking lay (Period 2).
Each period was divided into subperiods—Period 1: 19 to
21, 22 to 24, and 25 to 27 wk of age and Period 2: 28 to 30,
31 to 33, 34 to 36, 37 to 39, 40 to 42, 43 to 45, and 46 to
48 wk of age. The number of eggs laid within 24 h was
counted for 3 D, on a weekly basis. Bird mortality was
recorded daily. Hen-day egg production (%) and mor-
tality rate (%)were calculated for each subperiod, at each
cage floor (F1, F2, F3, F4, and F5).
Egg Quality Egg quality was evaluated based on the
following parameters: egg weight, albumen height,
Haugh unit (HU), eggshell thickness, and eggshell
strength. Analyses were carried out every 2 wk; they
started at the 22nd wk of age and ended at the 47th
wk. Five fresh eggs were randomly collected at each
cage floor (F1, F2, F3, F4, and F5), in blocks 1 and 2,
in each lighting system, thus totaling 100 eggs per anal-
ysis. All eggs were analyzed within 6 h after collection.
Egg weight, albumen height, HU, eggshell thickness,
and eggshell strength were measured in digital egg
analyzer (model NABEL DET 6000, NABEL Co.,
Ltd., Kyoto, Japan). The mean values of eggs collected
at each cage floor were calculated for each analyzed
age and for the total Period (22nd to 47th wk of age).



Table 1. Minimum and maximum illuminance at cage floors sub-
jected to LED lamps.

Floors Distance1 (m)
Feeder (lux) between
lamps–below lamps Cage (lux)

1 4.07 4–8 ,1
2 3.39 8–11 ,1
3 2.71 9–16 ,1
4 2.03 12–27 ,1
5 1.35 15–40 �1

Abbreviation: LED, light-emitting diode.
1Distances between the measurement points at each cage floor and the

lamps.
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Statistical Analysis

All statistical analyses were performed in the Minitab
18 software. Thermal environment data were analyzed
through descriptive statistics. Mixed models were used
to evaluate the effect of lighting systems and cage floors
on the productive performance, mortality rate, and egg
quality of laying hens. The Montgomery (2005) model
was adopted for split-split-plot design, as expressed in
equation 2.

yijkh 5 m1 ti 1 bj 1 ðtbÞij 1 gk 1 ðtgÞik 1 ðbgÞjk

1ðtbgÞijk 1 dh 1 ðtdÞih 1 ðbdÞjh 1 ðtbdÞijh 1 ðgdÞkh

1ðtgdÞikh 1 ðbgdÞjkh1εijkh (2)

wherein: yijkh represents the independent observation of
block i, lighting system type j, cage floor k, and age or sub-
periods h; m is the overall mean, ti is the random effect of
the blocks (repetitions), bj is the fixed effect of the lighting
systems, gk is the fixed effect of the cage floors, dh is the
fixed effect of the age or subperiods, (tb)ij, (tg)ik, (tbg)ijk,
(td)ih, (tbd)ijh, and (tgd)ikh are the random effects of the
Figure 3. Arrangement of lighting systems in cage ba
interaction between blocks and lighting systems, cage
floors, and age or subperiods, (bg)jk, (bd)jh, and (gd)kh,
are the fixed effect of the 2-factor interaction between light-
ing systems, cage floors and age, or subperiods, (bgd)jkh is
the fixed effect of the 3-factor interaction between lighting
systems, cage floors, and age or subperiods, and εijk is the
total error. Effects were considered significant when
P , 0.05. In case of the significance of the 3-factor interac-
tion (lighting systems, cage floors, and age or subperiods),
the variables were analyzed separately for each age or sub-
period, using a mixed linear model expressed in equation 3.

yijk 5m1 ti 1bj 1 ðtbÞij 1gk 1 ðtgÞik 1 ðbgÞjk1εijk

(3)

wherein: yijk represents the independent observation of
block i, lighting system type j, and cage floor k; m is the
overall mean, ti is the random effect of the blocks (repeti-
tions), bj is the fixed effect of the lighting systems, gk is
the fixed effect of the cage floors, (tb)ij and (tg)ik are the
random effects of the interaction between blocks and light-
ing systems and between blocks and cage floors, (bg)jk is
the fixed effect of the interaction between lighting systems
and cage floors, and εijk is the total error. The Tukey test
were used for pairwise comparisons. Assumptions of vari-
ance normality and homoscedasticity were checked based
on residual analysis conducted through the Kolmogorov–
Smirnov and Levene tests. In case data did not meet the as-
sumptions for ANOVA, the Kruskal–Wallis test was used.
Significance was at 0.05.
RESULTS

Thermal Environment

Weekly mean temperature, air humidity, and THI
values were similar between lighting systems
ttery B4. Abbreviation: LED, light-emitting diode.



Figure 4. Weekly mean temperature, relative air humidity, and temperature–humidity index (THI) values observed in cages equipped with LED
strips (A, C, E) and with LED lamps (B, D, F) at 5 cage floors. Mean 6 SE. Abbreviation: LED, light-emitting diode.
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(Figure 4). Mean temperature remained between 18�C
and 27�C in cages equipped with LED strips and with
LED lamps during the evaluated period (February 03
to August 31, 2018). F5 recorded the highest air temper-
ature; the highest means were recorded from the 23rd to
the 26th wk of age. Mean relative air humidity remained
between 43% and 82%, and it was predominantly higher
at the lower and intermediate floors (F1, F2, F3, and
F4), where values were higher than, or equal to, 70%.
THI remained between 63 and 76 in both lighting sys-
tems. The highest indices were observed in F5.
Productive Performance

Laying hens subjected to the linear LED strip lighting
system presented higher egg production after the peak-
ing lay (28–48 wk of age) than the ones subjected to
LED lamps (91.9 6 0.41% vs. 90.7 6 0.41%, Table 2).
Based on the comparison of productive performances be-
tween subperiods, hens subjected to LED strips had
significantly higher egg production in the 31 to 33 and
46 to 48 wk of age (89.6 6 0.7% vs. 88.5 6 0.7%;
91.2 6 0.42% vs. 89.5 6 0.42%) and tended to have



Table 2. Mean hen-day egg production (%) from the 19th to the 48th wk of age at different cage floors1 subjected to the linear
LED strip and conventional LED lamp lighting systems.2

Systems (S)1-floor (F)2

Age (A)

Period 1 Period 2

19–27 19–21 22–24 25–27 28–48 28–30 31–33 34–36 37–39 40–42 43–45 46–48

LS-F1 55.0 26.6 59.5 78.8 92.8a 92.3 91.7a 92.7 94.4 94.2 92.8 91.4
LL-F1 57.3 22.9 63.6 85.4 90.1b 90.2 86.3b 88.0 91.4 91.7 91.8 91.1
LS-F2 58.9 27.1 66.7 82.8 89.9 92.8 84.3 88.6 90.9 92.6 90.7 89.4
LL-F2 55.7 21.5 62.8 82.7 89.4 93.3 87.6 86.8 90.2 91.4 89.4 87.2
LS-F3 52.9 19.2 61.2 78.4 92.0 94.6 89.9 91.4 94.0 92.3 91.1 90.4
LL-F3 53.8 23.3 57.1 80.9 91.0 93.7 88.4 91.0 92.8 90.7 90.4 89.7
LS-F4 59.8 22.4 72.6 84.3 91.7 93.1 89.0 90.8 92.3 91.9 92.7 91.8
LL-F4 61.5 29.2 70.9 84.6 92.0 93.9 90.9 92.5 93.4 92.0 91.8 89.9
LS-F5 62.0 26.9 75.1 84.1 93.2a 96.1 93.3a 91.8 92.3 91.7 94.1 93.0a

LL-F5 62.3 29.4 70.3 87.2 90.8b 92.5 89.3b 90.5 92.4 90.7 90.8 89.6b

SEM 2.02 4.69 2.74 2.33 0.87 1.47 1.48 1.16 1.37 1.08 0.92 0.95
P-value
S 0.759 - - - 0.000 0.154 0.022 0.171 0.131 0.055 0.155 0.001
F 0.032 - - - 0.394 0.269 0.263 0.194 0.613 0.738 0.222 0.255
A 0.001 - - - 0.011 - - - - - - -
S ! F 0.143 - - - 0.000 0.312 0.002 0.042 0.142 0.625 0.417 0.036
S ! A 0.380 - - - 0.838 - - - - - - -
S ! F ! A 0.069 - - - 0.002 - - - - - - -

a,bMeans followed by different letters, at each floor and in the same column, differ significantly by Tukey test at P , 0.05.
Mean 6 SEM. Period 1 (19–27) n 5 6. Period 2 (28–48) n 5 14. Subperiods n 5 2.
Abbreviation: LED, light-emitting diode.
1F1 5 cage floor 1. F2 5 cage floor 2. F3 5 cage floor 3. F4 5 cage floor 4. F5 5 cage floor 5.
2LS 5 LED strip. LL 5 LED lamp.
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higher egg production in the 40 to 42 wk of age as
compared with LED lamp (92.5 6 0.48% vs.
91.3 6 0.48%). Lighting systems did not differ in the
period before the peaking lay (19–27 wk of age).

Egg production was significantly higher under LED
strip at F1, in the experimental period 28 to 48 wk and
in the subperiod 31 to 33 wk, and it tended to be higher
in subperiod 34 to 36 wk of age in comparison to the egg
production under LED lamp at F1 (Table 2). LED strip
at F5 recorded higher egg production in the experiemen-
tal period 28 to 48 wk and in subperiods 31 to 33 and 46
to 48 wk of age than LED Lamp at F5. The mortality
rate did not differ between lighting systems in the eval-
uated periods (Table 3).
Egg Quality

The parameters of egg quality, such as albumen height
and eggshell strength, did not differ between LED strip
and LED lamp lighting systems throughout the experi-
mental period (Table 4). Egg weight was similar between
lighting systems over the age of birds (Figure 5). The 3-
factor interaction between lighting systems, cage floors,
Table 3. Weekly mortality rate of LED strip and LED lamp
lighting systems.1

Periods (age)

Systems (S)

LED strip SE LED lamp SE P-value

19–27 1.07 0.17 0.88 0.09 0.67
28–48 0.34 0.04 0.62 0.11 0.11

Mean and SE. Period 1 (19–27) n 5 30. Period 2 (28–48) n 5 70.
Abbreviation: LED, light-emitting diode.
1Kruskal–Wallis P-value at 0.05 significance.
and bird age was significant only for the HU and eggshell
thickness. When these parameters were evaluated at
each bird age, in separate (Figure 5), the HU was higher
under LED strip at the 47th wk of age (P 5 0.026), and
eggshell thickness tended to be higher under LED lamp
lighting at the 36th wk of age (P 5 0.058).
DISCUSSION

Data from comparative studies about the effect of
light distribution on vertical production systems on the
productive performance and egg quality of laying hens
are limited in the literature. Results of the current study
have shown that the linear LED strip lighting system
placed in the cages (above the feeder, facing inside the
cage, at 30� inclination angle) improved egg production
and maintained egg quality in comparison to the conven-
tional LED lamp lighting system placed on the poultry
house ceiling.
Thermal Environment

Besides lighting, other environmental factors such as
microclimate conditions in the poultry house can affect
egg production and quality (Mashaly et al., 2004;
Rozenboim et al., 2007). The current study recorded
similar thermal-environment conditions between light-
ing systems.
The upper cage floors recorded the highest mean air

temperature and THI values because of the rising heat
dissipated by birds (through their metabolic activity)
and to thermal radiation from the poultry house roof.
However, the mean air temperature was close to the
thermal comfort limits (18�C to 25�C) defined in the



Table 4.Means recorded for egg quality parameters1 from the 22th to the 47th wk
of age at different cage floors2 subjected to the linear LED strip and conventional
LED lamp lighting systems.3

Systems (S)-floors (F)

Age (22–47 wk)

Weight (g) AH (mm) HU ES (kgf) ET (mm)

LS-F1 61.54 9.85 97.99 4.48 0.36
LL-F1 61.65 9.87 98.17 4.56 0.37
LS-F2 62.28 10.05 98.74 4.38 0.37
LL-F2 62.17 9.99 98.57 4.53 0.36
LS-F3 62.24 10.03 98.80 4.53 0.36
LL-F3 62.07 10.19 99.56 4.52 0.37
LS-F4 61.51 10.01 98.57 4.41 0.36
LL-F4 61.25 9.65 97.14 4.51 0.36
LS-F5 60.42 9.71 97.54 4.37 0.36
LL-F5 59.81 9.51 96.88 4.44 0.36
SEM 0.477 0.168 0.702 0.089 0.003
P-value (S) 0.611 0.601 0.661 0.338 0.689
P-value (F) 0.006 0.199 0.266 0.689 0.376
P-value (A) 0.000 0.001 0.001 0.013 0.000
P-value (S ! F) 0.913 0.138 0.186 0.873 0.408
P-value (S ! A) 0.017 0.353 0.399 0.972 0.616
P-value (S ! F ! A) 0.565 0.069 0.048 0.620 0.002

Mean 6 SEM. n 5 26.
Abbreviation: LED, light-emitting diode.
1AH 5 Albumen height; HU 5 Haugh unit; ES 5 eggshell strength; ET 5 eggshell

thickness.
2F1 5 cage floor 1. F2 5 cage floor 2. F3 5 cage floor 3. F4 5 cage floor 4. F5 5 cage

floor 5.
3LS 5 LED strip. LL 5 LED lamp.
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genetics manual by Hy-Line Brown (2014), except be-
tween 23rd and 26th wk of age in F5. According to
Oliveira et al. (2014), air temperature conditions ranging
from 20�C to 26�C did not have significant effect on the
productive performance, egg quality, and feed intake of
birds. The relative humidity was above the recommen-
ded value 40 to 60% (Hy-Line Brown, 2014). However,
means recorded for THI were close to the comfort limits
(61 to 73) at all evaluated floors, except between 23rd
and 26th wk of age, in both lighting systems.
Productive Performance

The uniform light distribution enabled by the linear
LED strip lighting system inside the cages and on the
feeder at all cage floors showed significant effect on egg
production in comparison to the conventional LED
lamp lighting system. Lighting by hanging lamps pro-
vided light only in the feeder area; besides, light distribu-
tion at different cage floors presented low uniformity.
Results in the current study corroborate a preliminary
study conducted by Rossi and Massarotto (2015), who
tested LED strips placed in the cages (above the feeder)
and compact fluorescent lamps (CFL) placed on the ceil-
ing of a poultry house. The aforementioned authors
found significantly higher egg production at different
cage floors subjected to LED strips than in cages sub-
jected to CFL. Yildiz et al. (2006) have evaluated the ef-
fect of natural illuminance variations on different cage
floors and found that light variability can affect the pro-
ductive performance of laying hens.
Results have indicated that the low uniformity of light

distribution and the low illuminance (from 4 to 8 lux in
the feeder; and ,1 lux inside the cages) provided by the
LED lamp in F1 affected bird productivity in the first
laying cycle (up to the 37th wk of age, according to the
Hy-Line Brown manual). Some scholars recommend
the adoption of 10 lux minimum illuminance for egg pro-
duction purposes (Lewis and Morris, 1999; Morris, 2004;
Cotta, 2014). According to the technical manual by Hy-
Line International (2017), illuminance lower than 5 lux
does not stimulate birds, whereas levels higher than 50
lux do not benefit them. Results in the current study
corroborate the ones recorded by Rossi and Massarotto
(2015) for Hy-Line W-36 hens. O’Connor et al. (2011)
conducted a study with Hy-Line Brown hens subjected
to 5 and 150 lux illuminance in the initial laying period
(16 to 24 wk of age) and found lower egg production in
birds subjected to 5 lux than in birds subjected to 150
lux, throughout the evaluated period. In the present
study, lighting effects were significant only after the
30th wk of age. Morris (1966) has evaluated the effect
of different illuminance levels (25, 5, 1, and 0.2 lux) on
laying hens and found that egg production linearly
decreased as illuminance declined. However, there is
contradiction in the literature about the effect of illumi-
nance on egg production. Renema et al. (2001) did not
find significant difference in the egg production of laying
ISA-White, Shaver 2000, ISA-Brown, and Shaver 579
hens subjected to 5, 50, and 500 lux; however, they
recorded significantly decreased egg production for
hens subjected to 1 lux. Tucker and Charles (1993) did
not observe consistent responses to illuminance ranging
from 0.75 to 12.4 lux in a study conducted with laying
ISA Brown, Hisex Brown, Shaver Brown, and Hisex
White hens; however, they suggested that the illumi-
nance levels recommended to be used in sheds (10 to
20 lux) should be kept, because they enable birds’ well-



Figure 5. Means of the main effect of lighting systems (S) on egg quality variables (A, B, C, D and E) according to birds’ age. Significance:
*P , 0.05. Mean 6 SE. Abbreviation: LED, light-emitting diode.
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being. The Hy-Line Brown hens used in the present
study may present different responses to light from the
ones recorded for the bird lines investigated in the afore-
mentioned study because of genetic differences. Singh
et al. (2009) have observed significant interaction be-
tween laying-hen lines and facility type; they recorded
higher egg production for Lohmann White and Loh-
mann Brown hens than for H&N White hens grown in
bedding systems. Differences in feed intake, dietary effi-
ciency (Harms et al., 2000; Singh et al., 2009), and egg
quality (Renema et al., 2001; Singh et al., 2009)
between lines have already been reported in the
literature. This hypothesis was also addressed by Liu
et al. (2018), who highlighted the need of conducting
further studies about genetic differences associated
with birds’ responses to light.
Increased illuminance can stress birds and affect their

productivity. Studies available in the literature have
already reported increased frequency of aggressive be-
haviors in laying birds subjected to 50 lux (Mohammed
et al., 2010) and 30 lux illuminance (Kjaer and
Vestergaard, 1999). Pyrzak et al. (1984) have observed
increased egg production in geese subjected to 20 lux illu-
minance in comparison to geese subjected to 50 lux.
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J�acome (2009) has evaluated the effect of incandescent,
compact fluorescent, sodium vapor, and mercury vapor
lamps on laying Hy-Line W-36 hens (after their 48th
wk of age) and found negative effect on egg production
in birds exposed to high illuminance levels. Results of
hen-day egg production recorded for F5 in the current
study were similar to the ones mentioned above. They
indicate that illuminance higher than 30 lux appears to
have affected poultry productivity in the first and second
laying cycles (the second cycle happened between the
37th and the 48th wk of age).
In addition, although the difference between cage

floors was not significant, the mean egg production un-
der LED lamp condition was numerically higher at the
floor where illuminance was close to 20 lux (F4). Mean
illuminance 20 lux enabled satisfactory egg production
by Hy-Line Brown hens, based on data collected in the
current study. Some scholars have used illuminance
ranging from 15 to 20 lux in studies conducted with birds
belonging to the same line (Er et al., 2007; Min et al.,
2012; Hassan et al., 2014).
Egg Quality

The weight of the eggs layed in both lighting systems
was within the limits recommended by the Hy-Line
Brown manual (2014); animals presented minimum
and maximum weight 54.0 g and 64.3 g, respectively, be-
tween their 22nd and 47th wk of age. The HU is a math-
ematical measure used to determine the internal quality
of eggs based on egg weight and albumen height. Accord-
ing to the classification by the United States Depart-
ment of Agriculture (USDA, 2000), excellent quality
eggs present HU higher than 72, medium quality eggs
present HU between 60 and 72, and low quality eggs pre-
sent HU lower than 60. All eggs evaluated in the current
study presented HU higher than 90; this outcome is in
compliance with the study by Long et al. (2016b), who
argued that HU higher than 88 was the ideal value for
fresh eggs. Eggshell thickness and strength values ranged
from 0.35 mm to 0.38 mm and from 4.03 kgf to 4.74 kgf,
respectively. These results comply with the ones
recorded for eggshell thickness by Er et al. (2007), who
conducted a study focused on evaluating the effect of
different light spectra on Hy-Line Brown hens between
their 21st and 45th wk of age.
Overall, egg quality was not affected by the herein

adopted lighting systems throughout the evaluated
period. According to Long et al. (2016b), the use of
LED and CFL lamps did not show consistent effect on
egg quality. Kamanli et al. (2015) did not find significant
difference in egg quality parameters of birds subjected to
incandescent, compact fluorescent, and LED lamps.
Thomson and Corscadden (2018) did not find significant
difference in egg weight, albumen height, yolk weight,
and eggshell weight in a study focused on comparing
lighting system placed inside the cages (LED modules)
to the conventional lighting system based on compact
fluorescent lamps. Unlike what was observed in the cur-
rent study, the variation in illuminance at different cage
floors affected the eggshell quality in a study conducted
by Yildiz et al. (2006), who found negative correlation
between illuminance and eggshell strength. Renema
et al. (2001) have found illuminance effect on egg qual-
ity; there was linear decrease in egg weight (from 58 g
to 56.1 g) as illuminance (1, 5, 50 and 500 lux) increased
from the 21st to the 45th wk of age.
CONCLUSION

The linear LED strip lighting system adopted in the
current study improved egg production in laying hens
kept in lower and upper cage floors in comparison to
the conventional LED lamp lighting system. Lighting
systems did not affect egg quality. Thermal-
environment conditions were similar between LED strip
and LED lamp lighting systems. Thus, the linear LED
strip lighting system can be a viable alternative to the
conventional LED lamp lighting system because it
improved egg production and maintained the quality
of eggs layed by Hy-Line Brown hens. In addition,
LED strips are more efficient than LED lamps when it
comes to decrease power consumption (0.132 W/cage
vs. 0.194 W/cage, respectively).
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