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AbstrAct

Artificial lighting is one of the most powerful management 
tools available to commercial layer producers. Artificial light allows 
anticipating or delaying the beginning of lay, improving egg production, 
and optimizing feed efficiency. This study aimed at comparing the 
performance of commercial layers submitted to lighting using different 
LED colors or conventional incandescent lamps. The study was carried 
out in a layer house divided in isolated environments in order to prevent 
any influenced from the neighboring treatments. In total, 360 Isa Brown 
layers, with an initial age of 56 weeks, were used. The following light 
sources were used: blue LED, yellow LED, green LED, red LED, white LED, 
and 40W incandescent light. Birds in all treatment were submitted to 
a 17-h continuous lighting program, and were fed a corn and soybean 
meal-based diet. A completely randomized experimental design with 
subplots was applied, with 24 treatments (six light sources and four 
periods) of three replicates. Egg production (%) was significantly 
different (p<0.05) among treatments, with the best results obtained 
with red LED, white LED, and incandescent light sources. Egg weight, 
feed intake, and internal egg quality (albumen height, specific gravity, 
and Haugh units) were not influenced (p>0.05) by light source. It was 
concluded that the replacement of incandescent light bulbs by white 
and red LEDs does not cause any negative effect on the egg production 
of commercial layers. 

INtrODUctION

Lighting management is a very useful tool in egg production. The 
main factors to be considered are light source, wavelength and intensity, 
and photoperiod duration and distribution (Mendes et al., 2010).

Many of the physiological processes in poultry are influenced 
by light. Egg production and quality may be influenced by visible 
spectrum emitted by the light source, and some colors may be more 
stimulating than others (Nicholls et al., 1988). Each light bulb type 
used for artificial lighting in poultry houses has a different visible 
spectrum, but Etches (1996) found that poultry respond to most 
spectra commonly provided, independently of lamp type (fluorescent, 
incandescent, sodium vapor).

Spectral sensitivity curves of domestic poultry were determined by 
Prescott & Whates (1999), using behavioral tests, and by Wortel et al. 
(1987), using an electro-physiological test. These researchers reported 
that poultry sensitivity is different from that of humans: poultry present 
broader sensitivity, perceiving ultraviolet A rays (UVA 320 <8 <400nm). 
According to Boni & Paes (1999), broiler breeders produce more 
reproductive hormones when submitted to lighting with rays from the 
ends of the spectrum, such as purple and orange.

Artificial lighting, commercial layers, egg wei-
ght, Haugh units.
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Commonly used in artificial lighting systems in 
poultry houses, incandescent bulbs are one of the 
oldest artificial light sources and of the most frequently 
used around the world; however, they consume too 
much energy and produce a lot of heat.

The replacement of incandescent lamps by sodium 
lamps saves about 70% electrical energy. Other 
practices may reduce energy consumption even further 
(Cotta, 2002), such as intermittent lighting programs 
applied in egg production or the use of new light sources 
available in the market, such as LED (light-emitting 
diode). This technology emits cold light and it is widely 
known for its high lighting efficiency and long life 
(Cervi, 2005). 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).

In addition of energy use, another important 
characteristic of poultry house lighting systems is the 
time of use of the lamps or lighting sources. LEDs may 
be used up to 50,000 hours, i.e., much longer than 
incandescent and compact fluorescent lamps, which 
life is 1,000 and 8,000 hours of use, respectively 
(Osram, 2007).

Some studies on the use of LED in poultry production 
showed that different light colors may influence some 
performance parameters; for instance, improvement 
of egg quality in commercial layers when using green 
LED (Er et al., 2007) and finisher performance in 
broilers using blue LED (Chen et al., 2007). All these 
advantages of the use of LED may contribute to reduce 
the maintenance cost of artificial lighting in layer 
houses while maintaining performance results.

Considering that different colors may influence egg 
production and quality, this study aimed at comparing 
the performance of commercial layers submitted to 
lighting using different LED colors or conventional 
incandescent lamps. 

MAtErIALs AND MEtHODs

This study was carried out at the experimental egg 
production sector of the School of Agricultural Sciences 
of the Federal University of Grande Dourados (FCA/
UFGD). A 112-d experimental period, divided in four 
periods of 28 days, was used. Birds were housed in an 
open poultry house in 36 conventional layer iron cages, 
equipped with trough feeders and nipple drinkers. 

Plywood boards were used to divide the house so that 
each environment receiving artificial lighting from one 
light source was isolated from the others equipped 
with other light sources. Each environment included 
six cages with 10 birds each. A total number of 360 Isa 
Brown commercial layers, with initial and final ages of 
56 and 72 weeks, were used.

The following light sources were used: blue LED, 
yellow LED, green LED, red LED, white LED (one 1W 
LED lamp per cage) and a control environment (40W 
incandescent lamp), which was the lighting method 
previously used in that house. The lighting system was 
connected to a timer in order to supply a continuous 
lighting program of 17 hours/day (natural + artificial). 

A corn and soybean meal-based diet was formulated 
according to the ingredient chemical composition 
and nutritional requirements of semi-heavy layers 
recommended by Rostagno et al. (2005). House 
temperature and relative humidity were monitored 
one daily using a digital hygro-thermometer placed at 
birds’ height. Average temperatures of 22.2°C±2.5, 
27.3°C±4.1, 29.5°C±5.3 and 25.9°C±3.6 were 
recorded during the four experimental periods, 
respectively.

Eggs were collected once daily and daily egg 
production was estimated and expressed as a 
percentage (%). Average feed intake was measured, 
recorded, and expressed in g/bird/day. On the last 
day of each experimental period, ten intact eggs 
were randomly collected from each replicate (50% 
of the eggs produced on that day), identified, and 
weighed using a 0.01g-precision digital scale. Egg 
quality was analyzed as to specific gravity (1060 to 
1100 g/cm³ water) and albumen height by means of 
a digital pachymeter. Haugh unit was calculated as 
UH=100log (H+7.57-1.7EW0.37), where H is albumen 
height (mm) and EW is egg weight, according to 
Haugh (1937).

A completely randomized experimental design with 
subplots was applied, with 24 treatments (six light 
sources and four periods) of three replicates of 20 
birds per light source. Data were submitted to analysis 
of variance (ANOVA) using ASSISTAT (2011) software 
program, version 7.6 beta. Means were compared by 
the test of Tukey at 5% significance level.

rEsULts AND DIscUssION

Light sources and periods significantly influenced 
(p<0.05) layer performance (Table 1). The egg 
production (%) of layers submitted to red LED, white 
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LED and incandescent light were higher than that 
of the other treatments, being 4.83%, 5.55%, and 
5.17% higher that the egg production of layers under 
green LED lighting, which presented the lowest egg 
production. The egg production of layers in the blue 
LED and yellow LED environments was similar (p>0.05), 
but lower (p<0.05) compared with those submitted to 
red and white LED and to incandescent light. 

table 1 - Egg production/day (%) of commercial layers 
submitted to artificial lighting using different LED colors 
and incandescent light. 
Light 
source

Period  

1 2 3 4 Mean

1-Blu 91.66 88.02 90.62 86.25 89.14b

2-Yel 89.16 88.75 89.58 89.37 89.21b

3-Gre 86.97 86.87 88.33 85.20 86.84c

4-Red 92.18 91.56 91.25 90.00 91.25a

5-Whi 92.50 91.77 92.29 91.25 91.95a

6-Inc 90.72 92.18 91.45 91.97 91.58a

Mean 90.53a 89.86ab 90.59a 89.01b

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. coefficient of variation (%) of periods = 4.11 and light sources = 

4.24. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 4-Red 

= red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 

According to Lewis & Mori (2000), the penetration 
of the radiation of the red wavelength in the 
hypothalamus is more sexually stimulating that green 
or blue wavelengths. This may explain the better 
performance of the birds under the red LED, white 
LED and incandescent lamp, as their visible spectrum 
included red. According to Mendes et al. (2010), 
incandescent light present a red light aspect, whereas 
white fluorescent lights have a bluish aspect. The 
reason is that incandescent light produces longer 
wavelengths, close to red, whereas fluorescent lights 
produce shorter wavelengths, closer to green and 
blue. However, white is a homogenous mixture of all 
colors, including red, which may explain why the egg 
production of layers submitted to white LED light was 
similar to those in the incandescent lamp and red LED 
groups.

Spectral sensitivity curves of domestic poultry 
were determined by Prescott & Whates (1999), using 
behavioral tests, and by Wortel et al. (1999), using an 
electrophysiological test. Those researchers observed 
that poultry curves were different from human curves, 
with a relatively wider sensitivity in poultry, which can 
also perceive ultraviolet A rays (UVA 320 <8 <400nm). 
However, Boni & Paes (1999) found that broiler 
breeders are more responsive to light stimulus when 
submitted to lighting with rays from the ends of the 

spectrum, such as purple and orange, producing more 
reproductive hormones.

Some studies found that layers preferred spots 
lighted by compact fluorescent lamps than by 
incandescent lamps (Widowski et al., 1992), but 
showed no preference among compact fluorescent 
lamps with different frequencies (Widowski & Duncan, 
1996) or for high-intensity sodium lamps relative to 
low-intensity incandescent lamps (Vandenberg & 
Widowski, 2000). It was also reported that insufficient 
light intensity reduced egg production (Ostrander & 
Turner, 1962); however, Rocha (2008) observed that 
layer egg production increases when light intensity 
increases from 0.1 to 5 or 7 lux, but does not change at 
higher intensities. In general, high light intensities tend 
to stimulate bird activity. 

Egg production per bird (%) was significantly 
higher in the first three periods relative to the last. 
Egg production data were slightly higher the 88 and 
81% egg production between 56 and 72 weeks of age 
mentioned in the genetic strain manual (ISA Hendrix 
Genetics Company 2011/12).

Feed intake (Table 2) was not significantly influenced 
by light sources or periods. This indicated that birds 
had the same visual sensitivity to all tested light 
sources, and did not change their feeding behavior as 
a function of light source. According to Etches (1996), 
the effect of lighting on feed intake is associated to 
birds’ locomotion activity, which is very reduced during 
dark periods. As movement is reduced, so is energy 
expenditure, resulting in better feed efficiency and 
lower feed intake. Some authors (Rowland, 1987; 
Midgley et al. 1988) observed influence of lighting on 
feed intake only when artificial lighting programs were 
used, which is not the case of the present study.  

table 2 - Feed intake (g/hen/day) of commercial layers 
submitted to artificial lighting using different LED colors 
and incandescent light.
Light 
source

Period  

1 2 3 4 Mean

1-Blu 0.113 0.114 0.117 0.112 0.114a

2-Yel 0.112 0.118 0.115 0.122 0.117a

3-Gre 0.114 0.109 0.117 0.114 0.113a

4-Red 0.114 0.113 0.116 0.117 0.115a

5-Whi 0.117 0.112 0.116 0.117 0.116a

6-Inc 0.113 0.113 0.117 0.116 0.115a

Mean 0.114a 0.113a 0.116a 0.116a

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. coefficient of variation (%) of periods = 5.70 and light sources = 

4.24. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 4-Red 

= red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 
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Egg weight (Table 3) was not influenced either 
(p>0.05) by light sources, but was significantly affected 
by evaluated periods, with the lowest weight obtained 
in the first period. Egg weight naturally increases as 
hens age. This was demonstrated in the present study: 
mean egg weight in periods 2 to 4 were similar, but 
23.50% higher relative to period 1.

table 3 - Average egg weight (g) of commercial layers 
submitted to artificial lighting using different LED colors 
and incandescent light.
Light 
source

Period  

1 2 3 4 Mean

1-Blu 49.68 66.57 66.70 65.95 62.23a

2-Yel 51.63 64.04 61.58 68.97 61.55a

3-Gre 49.41 66.93 66.88 66.38 62.40a

4-Red 53.25 66.81 68.87 67.30 63.07a

5-Whi 53.25 66.51 67.65 67.16 63.64a

6-Inc 52.87 64.71 70.50 67.13 63.80a

Mean 51.02b 65.93a 67.03a 67.15a

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. Coefficient of variation (%) of periods = 7.59 and light sources = 

7.21. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 4-Red 

= red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 

The results of the present study are consistent 
with the finding of some studies that showed that 
artificial lighting programs did not affect egg weight 
(Freitas et al., 2010; Lewis et al., 1992; Morris et al., 
1988; Sauveur & Mongin, 1983). On the hand, in the 
experiment carried out in China by ER et al. (2007), 
who compared different LED colors with incandescent 
lamp and obtained heavier eggs (p<0.05) when 
incandescent light was used compared with red LED. 
Rozenboim et al. (1998) did not find any effects of 
light color or intensity on egg weight, but suggest 
that further studies should be carried out to elucidate 
this. Egg weight usually depends on hen age and to 
nutritional factors. Eisen et al. (1962) had already 
mentioned that egg size increases as hens age.

Egg quality parameters (albumen height, egg 
specific gravity, and Haugh units) were not affected 
(p>0.05) by light sources, only by periods (p<0.05), as 
shown in Tables 4, 5, and 6. 

According to Pascoal et al. (2008), egg quality is 
measured to describe fresh egg production differences 
due to genetic, environmental and nutritional factors 
to which hens are submitted. Silversides et al. (1993) 
suggested that albumen height is sufficient to evaluate 
the internal quality of fresh eggs, except when 
comparing different layer ages.

In the present experiment, periods significantly 
influenced albumen height (Table 4), but not light 

sources. Average albumen height in period 1 (8.39 
mm) and 2 (7.81 mm) was higher than in period 3 
(7.03 mm), which was the worst result. However, this 
parameter was similar (p>0.05) between periods 2 
and 4. Albumen height is commonly used to evaluate 
internal egg quality and, according to Silversides & 
Budgell (2004), tends to decrease as hen age and 
storage time increase. However, it may also be reduced 
when environmental temperature increases. Average 
environmental temperature reached 29.5°C, which 
was approximately 2°C higher than the average 
temperature recorded in period 2. According to 
Rozenboim et al. (2007), commercial layers exposed to 
high environmental temperature manifest reproductive 
activity failure, with consequent egg quality loss.

table 4 - Albumen height (mm) of commercial layers 
submitted to artificial lighting using different LED colors 
and incandescent light.
Light 
source

Period  

1 2 3 4 Mean

1-Blu 8.25 7.44 7.69 7.30 7.67a

2-Yel 8.13 7.70 6.88 7.28 7.50a

3-Gre 8.27 8.13 6.63 8.18 7.80a

4-Red 8.73 8.34 7.17 7.75 7.99a

5-Whi 8.52 7.09 6.68 8.34 7.66a

6-Inc 8.46 8.14 7.11 6.82 7.63a

Mean 8.39a 7.81ab 7.03c 7.61bc

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. Coefficient of variation (%) of periods = 18.81 and light sources 

= 19.86. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 

4-Red = red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 

Alleoni & Antunes (2001) mention five quantitative 
methods to estimate the quality of open eggs related 
to the albumen, but the most commonly used to 
express albumen quality is the Haugh unit. In general, 

table 5 - Haugh units of commercial layers submitted 
to artificial lighting using different LED colors and 
incandescent light.
Light 
source

Period  

1 2 3 4 Mean

1-Blu 88.49 84.53 80.39 84.81 84.55a

2-Yel 89.41 87.37 85.33 81.07 85.80a

3-Gre 88.99 84.28 88.26 84.69 86.55a

4-Red 89.85 89.42 89.13 81.00 87.35a

5-Whi 88.50 84.14 81.13 84.04 84.45a

6-Inc 88.17 83.75 88.11 82.09 85.53a

Mean 88.90a 85.58a 85.39a 82.95a

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. Coefficient of variation (%) of periods = 10.42 and light sources 

= 11.08. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 

4-Red = red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 
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high Haugh unit values indicate better egg quality 
(Rodrigues, 1975). In the present experiment, this 
parameter was not affected by the evaluated light 
sources or periods (Table 5). Fry et al. (1981), Fletcher 
et al. (1983) and Belyavin (1988) mentioned that 
Haugh unit values decrease as birds age, but this was 
not observed here. 

Egg specific gravity (Table 6) did not present any 
significant differences (p>0.05) among light sources, 
but was influenced by period. Egg specific gravity was 
higher during periods 1 and 2 (p<0.05) relative to 3 
and 4. This parameter is routinely used on farms to 
examine eggshell quality. It is based on the principle 
that eggshell density is twice as high as yolk and 
albumen density (Gewehr et al., 2012). 

table 6 - Egg specific gravity (g/cm3) of commercial layers 
submitted to artificial lighting using different LED colors 
and incandescent light.
Light 
source

Period  

1 2 3 4 Mean

1-Blu 1099.44 1093.33 1088.88 1090.00 1092.91a

2-Yel 1096.11 1094.44 1091.11 1090.00 1092.91a

3-Gre 1095.55 1095.55 1090.00 1090.00 1092.77a

4-Red 1093.33 1094.44 1090.00 1090.00 1091.94a

5-Whi 1095.55 1095.55 1091.11 1090.00 1093.05a

6-Inc 1093.33 1098.88 1095.55 1088.88 1094.16a

Mean 1095.55a 1095.37a 1091.11b 1089.81b

Means followed by the same letter are not statistically different by the test of Tukey at 

5% probability level. Coefficient of variation (%) of periods = 0.45 and light sources = 

0.45. Light sources: 1-Blu = blue LED; 2-Yel = yellow LED; 3-Gre = greed LED; 4-Red 

= red LED; 5-Whi = white LED; and 6-Inc = incandescent light. 

Er et al. (2007) found that eggshell quality of 
commercial layer eggs was statistically affected by 
monochromatic red, green, and blue light compared 
with incandescent lamps. The authors found that 
eggshell index and thickness were significantly higher 
when green light was used relative to the other 
treatments, as well as eggshell strength (p<0.01) when 
compared to the other treatments. The findings of 
the present study are not consistent with that results 
or those obtained by Freitas et al. (2010), thereby 
suggesting further studies on the effect of LED colors 
on egg quality.

cONcLUsIONs

Under the conditions of the present experiment it 
was concluded that the replacement of incandescent 
light bulbs by white and red LEDs does not cause any 
negative effect on the egg production of commercial 
layers.  Egg weight and internal egg quality parameters 

were not negatively influenced by the replacement of 
incandescent lamps by LEDs of all evaluated colors.
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