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Abstract: The aim of this study was to determine the effects of lighting type [light-emitting diode (LED) and compact fluorescent (FLO)
light] and cage tier on welfare traits such as feather score, body and comb wounds, bumble foot and footpad dermatitis, beak damage,
keel bone deformity, finger damage, aggressive pecking behavior, and the avoidance distance test (ADT) in laying hens reared in an
enriched cage system. A total of 400 layers were used to determine these traits at 25 and 45 weeks of age. A total of 80 layers were used
to determine tonic immobility (TI) duration and induction number. The dust accumulation rate (DAR I and DAR II) was recorded
to determine the activity of layers under different lighting sources at 25, 35, and 45 weeks of age. The highest DAR I and DAR II were
determined in the FLO group at 35 and 45 weeks of age (P < 0.05). The worst comb wound and highest ADT were found in the FLO
group at 25 weeks of age (P < 0.05). In the FLO group the mean feather score, comb wound, and finger damage were worse than in the
LED group (P < 0.01). In addition, aggressive pecking behavior (P < 0.01) was observed more in the FLO group at 45 weeks of age (P <
0.05). The breast and vent feather scores (P < 0.001), mean body feather score, comb wound, and footpad dermatitis of hens at 45 weeks
of age (P < 0.05) were worse in lower cage tiers. In conclusion, using LED light in poultry houses helps to increase some of the welfare
parameters. Cage tier significantly affects the welfare parameters, and this effect is clearer around 45 weeks of age in layers.
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1. Introduction

Light-emitting diode (LED) light bulbs have been gaining
popularity for use in poultry house lighting in recent years
[1]. The LED lamps have low energy consumption, a long
life, and produce monochromatic light [2]. The different
lighting sources and light intensity used in poultry
houses lead to changes in physical activity and behavior
in hens, and also affects their welfare [3-5]. Long et al.
[4] reported that the layers housed under LED lights had
a worse vent and back-region feather status than layers
under fluorescent light. The light intensity may affect
the activity of chickens and feather pecking behavior [5].
On the other hand, lighting also affects jumping from
perches and safe landing behavior among birds [6], and
it may cause an increase in keel bone deformations [7].
Different monochromatic and mixed-color lighting also
had an effect on the fear behavior of chickens; thus,
there was a difference in tonic immobility (TI) duration
reaction of broilers [8]. Gallegos and Archer [9] reported
that the LED lighting group had a greater TI duration and
induction number than the compact fluorescent lighting
(FLO) group. The dense dust production in a poultry
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house is affected by environmental factors, animal age,
litter material, as well as bird activity, which is associated
with feeding and lighting programs [10]. The dense dust
negatively affects the health of both the workers and the
chickens in the poultry house, in particular, it affects
respiratory systems and reduces animal welfare and
productivity [11,12]. In addition, the dust may cover the
lamps and cause a decrease in light intensity inside the
poultry house. There was limited study of animal activity,
which was one of the factors that affecting dust production
in poultry houses [4,12].

Although the goal is to provide homogeneous
distribution of environmental factors, such as lighting and
ventilation, in commercial egg production it is difficult to
provide this in parallel with the number of cage tiers. Thus,
cannibalism is observed in layers due to the high light
intensity in the upper cage tier, and there may also be an
increase in the number of vent prolapse cases, small eggs,
and shell-quality- and shape-index-defective eggs in the
field studies [13]. Moreover, the control of these situations
in the upper cage tiers of multitier cage systems is difficult
and often overlooked.
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There are various studies on lighting in conventional
cage systems. However, there are few studies on the
effects of LED light on layers reared in alternative rearing
systems [9,14]. Moreover, there is little information about
the effect of LED and fluorescent lighting on production
performance, egg quality, stress, and fear in hens [9,14,15].
Additionally, different light intensity levels were reported
on different levels of the cage tiers, and this may affect
the welfare parameters in layers [13]. The objective of the
present study was to determine the effects of lighting type
(LED and FLO) and cage tier on feather score, body and
comb wounds, bumble foot and footpad dermatitis, beak
damage, keel bone deformity, finger damage, aggressive
pecking, and avoidance distance test (ADT) in laying hens
reared in an enriched cage system. In addition, the dust
accumulation rate was recorded to determine the activity
oflayers under different light source at 25, 35, and 45 weeks
of age. Production performance and egg quality were also
investigated, and the results were presented in [16].

2. Materials and methods

2.1. Animals and experimental design

The study was started in Nick Chick White Egg layers at
16 weeks of age in a fully automated control cluster (23 °C
in-house temperature, 40% relative humidity) at a private
commercial egg production enterprise. The practices
regarding the care and use of animals were approved by
the animal use and ethics committee of Bursa Uludag
University (certification number: 2016-10/02).

In the study, the poultry house was divided into two
equal parts. The light source in the first part was a mini
compact fluorescent lamp (cool daylight, 6500 K), and in
the second part an LED lamp (white 6000-6500 K) was
used for lighting. The light intensity was measured with
a digital luxury meter (Extech Instruments, light meter
LT300, Boston, MA, USA) at three different points at the
eye level of the layers (under the lamp, inside the feeder,
and inside the cage), and these values were averaged for
each cage section.The light intensity measurements were
recorded at 17, 25 and 45 weeks of age. The 14 L:10 D
photoperiod program was applied, and feed and water was
supplied ad libitum to layers.

Only the bottom four cage tiers were used in the eight-
tier enriched cage unit in this study. The enriched cage
tiers were coded I, II, III, and IV from bottom to top. A
total of 20 layers were placed in each cage section, and 400
layers were used for each type of light group. A total of 800
layers were used, until 45 weeks of age.

2.2. Determination of welfare traits

A total of 400 layers were used to determine the welfare
traits. At 25 weeks of age, 100 hens were randomly selected
from each lighting type and were visually observed by the
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same person for feather scoring, according to Tauson et
al. [17]; body-comb wound and foot lesions were scored
according to Ekstrand et al. [18]; and beak score, keel
bone deformity, and finger damage were scored according
to Welfare Quality [19]. Moreover, layers were scored
for aggressive pecking behavior with an adaptation of
the Welfare Quality method [19], with 0 signifying no
aggressive behavior and 1 signifying aggressive behavior.
The ADT was applied to assess the response of layers at
different cage tiers to an approaching human under the
FLO and LED lighting systems, according to Welfare
Quality [19].

A total of 80 layers (10 layers per cage tier group)
were tested individually for T reaction at 45 weeks of age.
A few seconds after the layers were caught, a TI test was
induced, according to Ghareeb et al. [20], and a maximum
score of 600 s was given for the duration.

The dust accumulation rates (DAR I and DAR II)
were calculated to determine the activity of layers under
different lighting types at 25, 35, and 45 weeks of age. The
petri dishes (5.2 cm in diameter) were placed on the top of
the cage tier at three different points during six days at each
age. Then petri dishes were collected and dried at 105 °C
for 24 h in the oven. The dry dust weight was determined
according to Long et al. [14].

2.3. Statistical analysis

All categorical data (body feather scores, welfare traits,
and agressive behavior) were analyzed with using PROC
NPARIWAY procedure of SAS 9.4.M6 [21], and the
Kruskal-Wallis test was used to determine the differences
among effects (lighting type, cage tier, and their
interaction). Continuous variables were analyzed with
two-way ANOVA using the GLM procedure of statistical
analysis software [22]. The model included lighting type
and cage tier as the fixed effects. The DAR I and DAR 1I
data were analyzed with one-way ANOVA [22] to assess
the main effect of the lighting type. Differences were
considered significant at P < 0.05. Significant differences
among group means were determined by Tukey’s test. Data
were presented as mean * standard error (SE) in all of the
tables.

3. Results and discussion

3.1. Light intensity

At the beginning of the study (17 weeks), the light
intensities of the LED and FLO groups were 12.67 + 1.21
and 15.94 £ 1.21 lux (P > 0.05), respectively. For the cage
tiers it was 8.29 + 1.72, 11.72 + 1.72, 20.87 + 1.72, and
16.35 + 1.72 lux, respectively, from bottom to top of the
cage tier (P < 0.01).

3.2. Body feather score
In poultry the feathers play a role in maintaining a balanced
body temperature as well as protecting the skin surface
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against various bumps. Severe feather pecking and feather
loss in chickens is undesirable in commercial poultry
production. While feather loss usually occurs in advanced
age layers, it can also occur at an early age depending on
rearing conditions [23]. The feather pulling and pecking
behavior amongst chickens is a problem that is affected
by many factors [24]. Lighting affects these behaviors in
chickens [25]; hence, light has a strong effect on the general
feather condition of hen bodies [26]. Lighting and light-
intensity management errors in poultry production cause
cannibalism among hens. The chicken body feather score
is used as a welfare parameter [26]. Long et al. [4] reported
that layer feathers were worse in the LED group than in
the fluorescent group. The effects of different lighting types
and cage tiers on the body feather score of layers at 25 and
45 weeks of age were given in Table 1. Full body-feather
scores of layers were similar in the LED and FLO groups
at 25 weeks of age (P > 0.05); however, the mean feather
score value was better in the LED group than in the FLO
group at 45 weeks of age (P < 0.01). This may be a result
of the lower light intensity in the LED group at this age. In
the study, the neck (P < 0.001) and tail-area feather scores
of layers were better in the LED group than in the FLO
group (P < 0.0001). Aggressive behaviors, such as feather

pulling and pecking of layers, increased under high light
intensity [27]. In the study, the effects of cage tier on the
body-feather scores of layers were similar at 25 weeks of
age (P > 0.05), but the mean feather score values of layers
were best in cage tier IV at 45 weeks of age (P < 0.05). The
worst breast feather score was determined in cage tier II,
and the worst vent feather score was in cage tier I (P <
0.001). However, Kjaer and Vestergaard [3] reported that
the light intensity did not affect feather condition. The
effect of lighting type and cage-tier interaction on the
feather scores of layers was not significant at 25 weeks of
age (P > 0.05), but there were interactions among the neck,
breast (P < 0.0001), vent, tail (P < 0.001), and mean feather
scores of layers at 45 weeks of age (P < 0.01).

The effects of lighting type and cage-tier interaction
on the neck, breast, vent, and tail feather scores at 45 weeks
of age were given in Figure 1. A better neck feather score
was found in the LED group (P < 0.01) at all levels, except
cage tier I, which was similar to the FLO group. On the
other hand, a better breast feather score was found in the
FLO group (P < 0.0001) at all levels, except cage tier II,
when compared to the LED group. Better vent feather
scores were found in cage tiers II-IV of LED and FLO
groups (P < 0.01); however, layers in cage tier I had worse

Table 1. The effects of different lighting type and cage tier on body feather score of layers (mean + SE).

Parameters Lighting type Cage tier P

25 weeks of age LED FLO SE I II I v SE L C LxC
Neck 3.80 3.90 0.04 3.82 3.84 3.84 3.90 0.06 NS NS NS
Breast 3.99 3.97 0.01 3.96 3.96 4.00 4.00 0.02 NS NS NS
Vent 4.00 4.00 0.00 4.00 4.00 4.00 4.00 0.00 NS NS NS
Back 4.00 4.00 0.00 4.00 4.00 4.00 4.00 0.00 NS NS NS
Wings 4.00 3.99 0.01 3.98 4.00 4.00 4.00 0.01 NS NS NS
Tail 4.00 4.00 0.01 4.00 4.00 4.00 4.00 0.01 NS NS NS
Mean 3.97 3.98 0.01 3.96 3.97 3.97 3.98 0.01 NS NS NS
45 weeks of age

Neck 2.68° 2.39° 0.05 2.54 2.56 2.54 2.50 0.08 b NS >
Breast 278" 3.07¢ 0.05 280 [2.72¢ 3.06° |3.12° 0.07 bl o oo
Vent 3.96 3.96 0.02 3.86 3.98° 4.00° 4.00° 0.03 NS o >
Back 4.00 4.00 0.00 4.00 4.00 4.00 4.00 0.00 NS NS NS
Wings 4.00 3.98 0.01 3.96 4.00 4.00 4.00 0.01 NS NS NS
Tail 3.68° 3.35° 0.05 3.48 3.58 3.48 3.52 0.07 Rl NS o
Mean 3.52¢ 3.46° 0.02 3.44° 3.47®  |3.51®  |3.52° 0.02 e * i

abe; Mean values within lines with different superscripts are significantly different (P < 0.05).
*P <0.05;** P < 0.01; *** P < 0.001; *** P < 0.0001; NS: not significant

L: Lighting type; C: cage tier; LED: light-emitting diode, FLO: compact fluorescent;

I: Ist tier (bottom), II: 2nd tier, IIT: 3rd tier, IV: 4th tier (top)
Body feather score ranged from 1 to 4, with 1 signifying severe damage and 4 signifying no damage to feathers.
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Figure 1. The interactions between lighting type and cage tier on
neck, breast, vent, and tail feather scores of layers at 45 weeks of
age. LED (closed circle) and FLO (open circle), cage tier (I, II,
IIL, and IV)
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vent feather scores in both lighting groups (P < 0.01). A
better tail feather score was found in the LED group (P <
0.001) at all levels of cage tier.

The effect of lighting type and cage-tier interaction
on mean body feather score at 45 weeks of age is given in
Figure 2. A better mean body feather score was found in
the LED group (P < 0.01) at all cage tiers, when compared
to layers in the FLO group.

3.3. Other welfare traits related to the body

General foot problems in poultry are footpad dermatitis,
bumble foot, hyperkeratosis, and excessive nail growth.
Bumble foot is an inflammation of the tissue in the footpad
[28]. Keel bone deformity is mostly seen in commercial
systems and represents one of the most significant welfare
problems in production [29]. The effects of different
lighting types and cage tiers on other welfare traits related
to layer bodies at 25 and 45 weeks of age were given in
Table 2. In the study, comb wounds in layers were worse in
the FLO group than the in LED group (P < 0.05), and body
wounds, bumble foot, footpad dermatitis, beak status, keel
bone deformity, and finger damage in layers were similar
in both lighting groups at 25 weeks of age (P > 0.05). Worse
comb wounds and finger damage in layers were found in
the FLO group than the LED group at 45 weeks of age (P
< 0.05). Beak status in layers was worse in the LED group
than the in FLO group at 45 weeks of age (P < 0.0001).
This may be a result of hens spending their time using
search behavior and pecking the cage environment, due
to the low light intensity in the LED group. Body wounds,
bumble foot, footpad dermatitis, and keel bone deformity
in layers were similar in both lighting groups at 45 weeks
(P > 0.05).

Tier
Figure 2. The interactions between lighting type and cage tier

on mean body feather scores of layers at 45 weeks of age. LED
(closed circle) and FLO (open circle), cage tier (I, II, III, and IV)
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Table 2. The effects of different lighting type and cage tier on other welfare traits related to bodies of layers (mean + SE).

Parameters Lighting type Cage tier P

25 weeks of age LED FLO SE I 11 I v SE L C LxC
Body wound’ 3.00 2.99 0.01 3.00 3.00 2.98 3.00 0.01 NS NS NS
Comb wound' 2.74 2.60° 0.05 2.74 2.64 2.62 2.68 0.07 * NS NS
Bumble foot? 2.90 2.79 0.04 2.96 2.94 2.78®  |2.70° 0.05 NS ek bl
Footpad dermatitis? 2.50 2.55 0.05 2.56 2.62 2.42 2.50 0.07 NS NS NS
Beak status’ 0.17 0.08 0.04 0.20 0.20 0.06 0.04 0.06 NS NS *
Keel bone deformity* 0.01 0.00 0.01 0.02 0.00 0.00 0.00 0.01 NS NS NS
Finger damage® 0.05 0.05 0.02 0.02 0.04 0.02 0.12 0.03 NS NS NS
45 weeks of age

Body wound' 2.81 2.89 0.04 2.82 2.86 2.86 2.86 0.06 NS NS NS
Comb wound" 2.38° 2.21° 0.05 2,380 2420 2220 12.16° 0.06 * * e
Bumble foot? 2.35 2.34 0.05 2.36 2.32 2.32 2.38 0.07 NS NS NS
Footpad dermatitis? 2.26 2.18 0.04 2.36 2.16° 220 |2.16° 0.06 NS * *
Beak status® 1.13 0.88° 0.04 1.00 1.04 1.00 0.98 0.06 ook NS b
Keel bone deformity* 0.06 0.06 0.02 0.02 0.10 0.06 0.06 0.03 NS NS NS
Finger damage® 0.49° 0.63° 0.05 0.48 0.68 0.56 0.52 0.07 * NS ok

*b; Mean values within lines with different superscripts are significantly different (P < 0.05).
*P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001; NS: not significant
L: Lighting type; C: cage tier; LED: light-emitting diode, FLO: compact fluorescent;

I: 1st tier (bottom), II: 2nd tier, IIT: 3rd tier, IV: 4th tier (top)

'Body and comb wound score ranged from 1 to 3, with 1 signifying severe damage and 3 signifying no lesions on body and comb.
*Foot score (bumble foot and footpad dermatitis) ranged from 1 to 3, with 1 signifying severe hyperkeratosis and 3 signifying no lesions

on foot.

*Beak score ranged from 0 to 2, with 0 signifying no lesions and 2 signifying anomaly on the beak.
*Keel bone deformity score ranged from 0 to 2, with 0 signifying no deformation and 2 signifying deformation on keel bone.
*Finger damage score ranged from 0 to 2, with 0 signifying no deformation and 2 signifying deformation on finger and claw.

In this study, while cage tier did not affect body and
comb wounds, footpad dermatitis, beak status, keel bone
deformity, or finger damage of layers (P > 0.05), the worst
bumble foot was recorded in cage tier IV at 25 weeks (P <
0.001). The fewest comb wounds in layers were found in
cage tier I1, and the highest number of wounds was found
in cage tier IV at 45 weeks (P < 0.05). The worst footpad
dermatitis in layers was found in cage tiers II and IV, and
the fewest affected layers were found in cage tier I at 45
weeks (P < 0.05). Body wounds, bumble foot, beak status,
keel bone deformity, and finger damage in layers were
similar in all cage tiers at 45 weeks (P > 0.05). Our findings
were similar to those of Vits et al. [30], who found that the
claws of hens from the 4th cage tier were longer than those
from other cage tiers, whereas there were no differences
among the cage tiers in keel bone deformities.

The effects of lighting type and cage-tier interaction on
comb wound, footpad dermatitis, beak status, and finger
damage scores at 45 weeks of age were given in Figure

3. The lowest occurrence of comb wound was found in
the LED group (P < 0.01) at all levels, except cage tier
IV. The lowest occurrence of footpad dermatitis in layers
was found in cage tier I of the LED group (P < 0.05). The
beak status score was higher in the LED group (P < 0.01),
compared the FLO group. The worst finger damage in
layers was found in cage tier II of FLO at 45 weeks of age
(P < 0.001).

3.4. Some welfare behavior traits

The effects of lighting type and cage tier on some welfare
behavior traits of layers at 25 and 45 weeks of age were
given in Table 3. In the study, the effect of light type on
aggressive behaviors in layers at 25 weeks of age was not
significant (P > 0.05), while it was found to be significant
at 45 weeks of age (P < 0.01). According to some LED
manufacturers, LED lights make birds calm and less
aggressive than other light sources [14]. Thus, more
aggressive behavior was found in the FLO group than the
LED group at 45 weeks of age (P < 0.01). Light intensity
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Figure 3. The interactions between lighting type and cage tier on
comb wounds, footpad dermatitis score, beak status, and finger
damage of layers at 45 weeks of age. LED (closed circle) and FLO
(open circle), cage tier (I, IL, III, and IV)
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was higher in the FLO group at 45 weeks of age; this is
supported in these findings. There was no effect of cage
tier on aggressive behavior of layers at 25 and 45 weeks
of age (P > 0.05). The effect of lighting type and cage-tier
interaction on aggressive behaviors was not significant at
25 weeks of age (P > 0.05).

The effect of lighting type and cage-tier interaction on
aggressive behavior of layers at 45 weeks of age was given
in Figure 4. The most aggressive behavior was found in the
FLO group at 45 weeks of age (P < 0.01) at all levels of cage
tier.

The avoidance distance test is used to assess the
response of hens to an approaching human, i.e. human-
hen interaction [14]. There was no difference between the
LED and fluorescent lighting types on the response of hens
to novel objects and avoidance distance [4,9]. Long et al.
[14] reported that the LED group had more avoidance
distance than the fluorescent group at 36 weeks of age,
although there was no difference in both lighting groups
at 60 weeks of age. In the current study, ADT was found to
be higher in FLO group than in the LED group at 25 weeks
of age (P < 0.05) (Table 3); layers in FLO group noticed
the approaching person earlier and ran into their cages.
However, there was no difference in ADT between lighting
groups at 45 weeks of age (P > 0.05). The highest ADT was
found in cage tier IV at 25 and 45 weeks of age (P < 0.01).
The effect of lighting type and cage-tier interaction on
ADT at 25 weeks of age is given in Figure 4. The highest
ADT was found in cage tier IV of the FLO group, and the
lowest ADT was found at cage tiers I and II of the LED
group (P < 0.05).

Tonic immobility duration is used for measuring
fear behavior in hens, and the stress level of chickens
[31]. Gallegos and Archer [9] reported that there was
a longer TI duration in hens raised under LED lighting,
i.e. they showed more stress and fear. Huth and Archer
[32] reported that TI duration in broilers was higher in
the compact fluorescent group than in the LED group,
i.e. broilers in the compact fluorescent light group had
higher stress and fear levels than the LED groups. In the
study, the TT induction number and duration were found
to be similar in both lighting groups (P > 0.05) (Table 3).
However, the TI number and duration was numerically
higher in the FLO group. There was no difference for TI
duration and induction number among the cage tiers
(P > 0.05). However, numerically higher TI induction
numbers were found in cage tier III, and TI duration was
longer in cage tier IV. Layers reared on the top of the cage
tiers were closer to the light and had less interaction with
house workers, which can cause stress and fear in layers.
The effect of lighting type and cage-tier interaction on
TI duration and induction number was not significant at
45 weeks of age (P > 0.05). However, $ekeroglu et al. [33]
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Parameters Lighting type Cage tier p

25 weeks of age LED FLO SE I II I v SE L C LxC
Aggressive behavior! 0.19 0.25 0.04 0.10 0.22 0.26 0.30 0.06 NS NS NS
ADT? cm 27.90° |30.73* [0.91 20.38° [21.90° [32.32° |42.66* |[1.28 * b *

45 weeks of age

Aggressive behavior' 017 [0.41*  |0.04 0.42 0.28 0.18 0.28 0.06 o> NS o
ADT? cm 34.32 3391 1.22 22.82¢ |23.78% [29.86° |60.00° |[1.73 NS e NS
Induction number 1.53 1.73 0.15 1.70 1.45 1.80 1.55 0.21 NS NS NS
Tonic immobility, s 305.2 306.8 32.10 332.5 254.7 283.1 353.6 45.40 NS NS NS

+be; Mean values within lines with different superscripts are significantly different (P < 0.05). *P < 0.05; ** P < 0.01; NS: not significant
L: Lighting type; C: cage tier; LED: light-emitting diode, FLO: compact fluorescent;

I: 1st tier (bottom), II: 2nd tier, III: 3rd tier, IV: 4th tier (top)

'Aggressive behavior ranged from 0 to 1, with 0 signifying no aggressive behavior and 1 signifying aggressive behavior.

2 ADT: Avoidance distance test
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Figure 4. The interactions between lighting type and cage tier on
aggressive behavior of layers at 45 weeks of age and avoidance
distance test (ADT) of layers at 25 weeks of age. LED (closed
circle) and FLO (open circle), cage tier (I, II, III, and IV)

reported that the shortest TI duration was found in low
level cage tiers at 30 weeks of age. They also reported that
there was no difference between the cage tiers regarding
TI duration of layers at 45 weeks of age; however, TI
duration was numerically lower at bottom cage tiers as
aging progressed.

3.5. Dust accumulation ratio

The lighting management in poultry house affects
hen activity [12]. Thus, it also affects dust levels in
poultry houses. Long et al. [4,14] reported that the dust
accumulation rate was similar under LED and FLO
lighting groups. However, the dust accumulation rate in
the FLO group was numerically higher than in the LED
group [14]. The effects of different lighting types and cage
tier on the DAR I and DAR II were given in Figures 5 and
6, respectively. While the effect of LED and FLO lighting
on the DAR I and DAR II were not significant at 25 weeks
of age (P > 0.05), the effect was higher in the FLO group
than in the LED group at 35 and 45 weeks of age (P < 0.05).
According to these results, it might be inferred that there
was more activity among layers in the FLO group than in
older age groups.

Conventional cage systems have been questioned for a
long time in the field of animal welfare, and many European
Union member countries have begun to use enriched cages
or other alternative systems for egg production. In Turkey,
the transition to enriched cage systems for egg production
has begun. Along with this new cage system, the effects of
lighting and light sources on egg production, egg quality,
and welfare parameters have started to gain importance.
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Figure 5. The effect of different lighting types on dust
accumulation rate I (DARI).

With new technological developments, the lighting
systems used in hen houses are continually evolving. The
use of LED lights in large capacity commercial farms is
critical in terms of energy savings and economy due to
their long life and low maintenance costs.

In conclusion, the LED group fares better in terms
of some welfare parameters such as feather score, comb
wound, finger damage, aggressive pecking behavior, and
avoidance distance and dust accumulation rate. The effect
of cage tier on some welfare parameters was, in general,
significant at 45 weeks of age, and the difference between
cage tiers varied according to the age of the hens. The new
LED lamp technology, which is becoming more widely
used due to its monochromatic light emission, long life,
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