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Abstract
It is well established that different light wavelengths affect broiler behavior. The present study aims to
evaluate the effect of four light wavelengths on broiler behavior from 1 to 42-days of age. Birds were
housed at a stocking density of 13 birds/m2, in 32 boxes of 1.56 m2. The experimental design was a
completely randomized factorial of 4x2 (four colors x two sexes), with four replicates. Behavioral
variables were accessed through cameras and observed in person thrice a week for 30 min per day in
three different periods. Data was organized according to age groups and analyzed by data mining
approach with the different light wavelengths as the classes. Natural behavior of male broilers reared in
environments with green. Blue light was more relevant to the classi�cation of male broilers behavior (96.9
and 96.9% accuracy and 0.8 and 1.0 of class precision of behavior classi�cation, respectively). Blue and
green lights affected the behavior of male broilers starting at 7-days of age, increasing the presence at
the bird feeder, and reducing the idle period. 

Highlights
Broiler behavior is affected by different wavelengths of LED lamps according to the age and sex of
birds.

Data mining, using Algorithm J48 is an important tool to analyze behavior big data.

There were found patterns of behavior that can assist in the construction of decision trees.

1. Introduction
Sensitivity to different light wavelengths (i.e., light colors) is different between humans and broilers.
Lighting condition is crucial for broilers management regarding development, behavior, and health once
behavioral and physiological responses interact between each other (Kristensen et al., 2007), and
consequently affect �nal �ock yield (Vandenbert and Windovisk, 2000). Lighting programs are
management tools (Deep et al., 2010) to achieve healthier, more comfortable animals, and higher
production (Kristensen et al., 2007). Light color and intensity are factors that directly in�uence the growth
and welfare of broilers (Olanrewaju et al., 2006). One of the best examples of lighting as a management
tool is in the stimulation for food and drink. When light is perceived by the nervous system it directly
affects the hypothalamic region interfering in the gonadotropin production (Maciel et al., 2008; Mendes et
al., 2010; Araújo et al., 2011).

Lighting is also used to establish rhythm and synchronism within physiological processes as regulation
of body temperature, feeding, and secretion patterns of growth, maturation, and reproduction hormones
(Pal et al., 2019). Hart et al. (1999) showed that short-wavelength light sources, such as green (500-565
nm) and violet/blue (380-485 nm), had higher in�uence at the initial phase of growth compared to red-
colored lamps (625-740 nm). Prayitno et al. (1997) showed that blue (450 nm) and green (550 nm) lights
resulted in higher feeding behavior in male birds, and that the sex of the birds and color preference were
signi�cantly correlated. Yang et al. (2018) showed that blue light (455-495 nm) resulted in an increase in
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body weight by more than 10%, regardless of sex and age of birds. Sultana et al. (2013) observed higher
weight gain for broilers under blue light than those under red or yellow lights. The combination of green
(550 nm) and blue (460 nm) lights enhanced the performance and meat properties as much as green or
blue light alone in the �rst 4 weeks of growth (Hassan et al., 2014). The monochromatic use of green light
(525 nm) at early stage or blue light (470 nm) at late stage increased growth and performance of broilers
(Cao et al., 2008). Thus, lighting can be used to increase weight gain in broilers, especially during the
growth phase (Freitas et al., 2005). 

Last, short wavelengths can lower core body temperature of broilers resulting in negative effects on
broiler performance (Riber, 2015), but the behavior that it induces can mitigate these negative effects,
such as prioritizing movement to increase body temperature over feeding immediately (Strawford et al.,
2011). Compared to long wavelengths (i.e., red or white light), the use of short wavelengths (i.e., blue or
green light) resulted in better broiler performance (Kristensen et al., 2007; Xie et al., 2008; Cao et al., 2012;
Dias, 2015), and calmer broilers (Kristensen et al., 2007; Xie et al., 2008; Sultana et al., 2013).

The use of multivariate analysis is a valuable approach when dealing with large datasets of categorical
and numerical data. Vale et al. (2010) showed that the use of a decision tree resulted in better broiler
performance by summarizing production and meteorological data to explain broiler mortality. Rauber et
al. (2021) showed that the use of structural equation models predicted with precision broiler slaughtering
weight based in gut health and sanitary data.  Decision tress based on data mining can be used to search
for relationship between variables in large datasets (Grzesiak and Zaborski, 2012) and effectively predict
animal behavior. Broiler lameness and deleterious morphological characteristics were predicted with
more than 80% accuracy (Nääs et al., 2021), and effectively predicted white broiler breeder behavior
above 70% (Pereira et al., 2013). However, a small universe of observations can negatively affect
predictions, as shown by Cordeiro et al. (2012), where leg injuries were predicted with slightly more than
50% accuracy. Therefore, the present study aims to evaluate the use of data mining in predicting broiler
behavior due to different light wavelengths from 1 to 42-days of age.

2. Materials And Methods
2.1. Birds and husbandry

The experiment was conducted between April and June of 2013 in an experimental barn, located at the
Federal Technological University of Paraná, Dois Vizinhos, PR, Brazil. The aviary has 224 m ² (32 x 7 m),
divided into 32 boxes of 1.20 x 1.30 m with fresh wood shaving bed of 7 cm high each. A �ock of 640
Cobb® birds (half female and half male) from the same parent �ock were used for this study. The �ock
were equally distributed among the 32 boxes with 20 birds each, at a density of 13 birds/m². Sanitary
measures included broiler vaccination for Marek, Newcastle, and infectious bronchitis disease, and
disinfection of internal environment and equipment before use. Water was supplied ad libitum using
nipple drinkers, initially at 40 mL/min and increased gradually until 120 mL/min at 35 days. Feeding was
done as recommended (Cobb, 2012) ad libitum.
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An average photoperiod of 17 h of daylight and 7 h of darkness (17L-7D) was adopted during the
experimental period. On the second day of growth, 1 h of dark was provided increasing 1 h per day until
the 8th day of the experiment, reaching 7 hours of darkness. This light schedule was followed until the
slaughter of birds (42 days). The illuminance for the �rst phase of the experiment was 20 lux/m²,
reducing 5 lux/m² weekly and stabilizing with 5 lux/m². The treatments used were composed of LED
lamps (Light Emitting Diodes) of four different wavelengths (light color): blue, white, green, and yellow. 

The boxes inside the barn were coated with a black canvas 1.5 m high and 200 microns thick. The inner
housing walls were all sealed with the same type of canvas to avoid any interference of natural light
during the treatments and between treatments.

2.2. Data assessment and analysis

The assessment of environmental conditions was performed using a digital thermometer (Instrutherm)
allocated at the same height above the birds, 40 cm. A thermo-hygrometer (Instrutherm) was used for
recording the temperature and humidity in the environment in the same height.

The behavioral assessments were done weekly and started in the �rst week of the birds’ growth, totaling
six evaluations at the end of the trial period (42 days) through non-invasive process without human
interference (Pereira et al., 2004). Video footage was recorded for each box, on the same day of the week,
in three periods of the day: morning (8:00 to 9:00 h); mid-day (12:00 to 13:00 h); and afternoon (16:00 to
17:00 h) for a total of 30 min and stored for later analysis.

The behavioral analysis used parameters adapted according to Barbosa Filho et al. (2007) and include
the frequency which the birds visited the feeders (freq. Food), the drinkers (freq. Drink), remained in
inactivity (freq. Inact), scratched the bed (freq. Scr), cleaned their feathers (freq. Clean), showered (freq.
Shower), and behaved aggressive (freq. Agg).

The data mining technique was applied for the construction of a decision tree. The steps of the data
mining process follow the CRISP-DM methodology (CRoss-Industry Standard Process for Data Mining),
as described by Chapman et al. (2000). This methodology is resumed in six steps that resume the natural
data science life cycle, aiding in the planning, organizing, and implementing a project. In step one, the
needs of broiler performance under different light management are accessed. In step two, data is
gathered, and its quality is accessed. In step three, data is organized for modeling in the way it best
described the real situation. In step four, modeling techniques are tested, Weka® software version 3.7.7
was chosen for consisting of an algorithm collection for data mining tasks. The task of classi�cation
was performed with algorithm J48 in cross-validation (10 times). Data were modeled to control this
condition as a function of the number of different possibilities for the treatments. Classi�cation models
were tested for the four colors combined and individually with the male and female sexes (assuming the
hypothesis that there is the in�uence of sex in the conditions: only males; only females; and in�uence in
both sexes compared to other treatments), for a total of 15 classi�cation possibilities (Table 1). In step
�ve, the modeling technique that best meets the objectives is chosen. The different models were
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evaluated by evaluating the model confusion matrix, model accuracy, and classi�cation precision (Table
2).

The best models were selected for the high accuracy and precision of the ratings. The criterion was to
accept the models with accuracy > 80%, considering that the class of interest presents a precision ≥ 0.8.
The results of the best models were interpreted depending on the rules generated by the decision trees.
The decision tree is a graphical representation in the form of an inverted tree. Semantic classi�cation
rules were used in the form body → head following the root node to the leaves. IF and logical connectors
AND or OR are used to de�ne the body of the rule and the consequent THAN Class. Finally, in step six,
decision on how to implement improvements to meet the objectives are done. The study was carried out,
complying with all animal ethics rules and protocols. 

3. Results
The classi�cations using four wavelengths (colors) (Table 3) did not generate appropriate models
(accuracy < 70%). Models with an accuracy ≥ 80% would have been acceptable if they generated high
classi�cation precision. The binary separation for the classes, color, and sex against other treatments,
allowed extracting relevant patterns for males in a blue and green environment (97% model accuracy for
both). Males reared under blue and green light conditions showed distinct behavioral patterns with high
precision (1.0 and 0.8 respectively for blue and green), allowing the construction of decision trees
(Figures 1a and 1b, respectively).

Males kept in the blue light condition presented an inactivity period lower or equal than to 7 min, and
males birds exposed to green light presented behavior with a frequency of feeder occupancy higher than
13 min. The lighting in�uenced less the female behavior, featuring models with a precision < 70% using
the four colors (Table 2). The blue color classi�cation rule for males’ states that IF frequency of inactivity
for the seven days of age ≤ 7 min, THEN blue lighting, and Male sex (97% accuracy) were able to classify
all behaviors (Figure 1a). Male broilers kept in the green lighting condition were classi�ed with 97%
accuracy compared to the other colors. They were able to be classi�ed in 80% of the cases (�gure 1b)
according to the rule: IF frequency in the feeder at 7-days of age > 13 min THEN Green lighting and Male
sex. Male poultry raised in the green light condition until seven days of age went through more than 13
minutes of observation per observation window. 

4. Discussion
The lower frequency of inactivity and a higher presence in the feeder in the �rst week of life with blue and
green lights respectively agrees with those found by Sultana et al. (2013), where the authors found a
higher weight gain and greater inactivity in birds that had were reared in a blue and green light
environment. Similarly, chickens raised under blue light condition presented a higher �nal weight and
lower feed consumption than the treatment of green, red and white (Cao et al., 2008), agreeing with the
present study.
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The �ndings (Figure 1a e 1b) showed performance improvement since there is a permanent stimulus to
the movement of birds in the �rst weeks of life. Similar behavioral patterns have also been observed in
improving the weight gain in the �rst weeks of growth, providing more signi�cant movement of birds in
search of food and water (Rozenboim et al., 2004). Such an increase in weight gain may lead to an
improvement in the immune response of broilers, as suggested by Zhang et al. (2014) that tested a
combination between the blue-green and green-blue color during broiler rearing. Similarly, (Cao et al.,
2008; Hassan et al., 2014) found better growth, development, and a higher �nal weight gain for chickens
in a green and blue light environment. According to Soliman and El-Sabrout (2020), more than 50% of the
broiler studies indicated that blue (450 nm) and green light (550 nm) had positive effects on body weight
(>3%), whereas red light (700 nm) increased activity and aggressive behaviour of birds (>30%), negatively
affecting body weight. In contrast, Assaf et al. (2015) reported that red and yellow lamps did not interfere
in the chicken feed consumption. 

The results of the present study are similar to those found by Kim et al. (2012) and Kim et al. (2013)
when studying layers. The authors found an increase in sexual maturity, egg production, and shell quality
in layers kept in red light, but such condition showed no effect on the hens’ feed intake and feed
conversion. As seen in Figure 1, the decision tree is a graphical representation from the rules of
classi�cation and de�ne a mathematical space in which a given class occurs. The algorithm J48 is an
implementation of the C4.5 and identi�es the features or variables that are most capable of generating
classi�cation rules. The decision tree is read as a semantic set of rules (IF feature/variable x AND/OR
feature/variable y THAN Class). In the current study, two models are more relevant and found more �tted
rules. As in Figure 1, the model also classi�es with only one rule (IF frequency in the feeder at the 7-day of
age is greater than 13 min THAN class is equal to male broiler subjected to green light). 

Younger birds move more, and as they grow, they tend to decrease their movement spending more time in
sedentary behavior, which can vary from 40% to 80% of the time (Bizeray et al., 2002; Amaral et al., 2011).
Hartini et al. (2002) found that the birds exhibited pecking litter behavior and aggressiveness more often
once they reached 5 to 6-weeks of life, showing a more aggressive behavior under white and red light
rearing conditions. According to Kristensen et al. (2007), broilers foraged more but stood up signi�cantly
less under low intensity (5 lx) than under high intensity (100 lx) light, regardless of the light source.
Nevertheless, in both studies, the birds’ behavior was recorded only over the photophase. It is also
possible that rearing broilers in a lighting environment with minimal illumination contrast between the
photophase and scotophase leads to less pronounced circadian rhythms of behavior. Hence, a different
daily behavioral distribution will be seen if provided with a more extensive light-dark contrast period. The
litter pecking behavior for broilers varied with age; the six-week-old chickens’ pecking behavior was more
frequent than the �rst few weeks of age regardless of the color of light in the environment (Kristensen et
al., 2007).

A considerable amount of research has examined chicken behavior under different light sources or colors
that produce different light intensities. According to Vandenbert and Windowiski (2000), who studied
hens’ preferences for high intensity and high-pressure sodium (HPS) light versus low-intensity

http://www.sciencedirect.com/science/article/pii/S0168159109000306#bib15
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incandescent light, hens spent more time preening, nesting, and pecking in the HPS light than in the
incandescent light, and more time sitting and eating in the incandescent light than the HPS. However,
birds sat more often in the central dark compartment, suggesting that they might prefer to rest in a darker
environment. 

These same authors also studied the behavior of chickens under different light sources or colors that
produce different light intensities. They concluded that broilers raised on blue and green light conditions
presented better results and were less active, representing calmer behavior (Vandenbert and Windowiski
(2000). The bene�ts of broiler welfare from the light spectrum have been investigated in a few studies.
Xie et al. (2008) suggested that blue light may reduce stress response in broilers due to a reduction in
serum IL-1β. Blue light has also been found to reduce the fear reaction in a tonic immobility test
displayed as the decreased period of tonic immobility, whereas red and red-yellow light increased the
duration (Sultanna et al., 2013). Results presented in Figure 1b agree with those obtained by Vandenbert
and Windowski (2000), which obtained more signi�cant unrest with a high color brightness, between blue
and green colors, with the latter being the highest brightness.

Male chickens kept under the condition of green lighting have better use of feeds and, consequently,
higher growth and better development, showing an elevate gain of �nal weight (Cao et al., 2012).
Similarly, Dias (2015) found that it is better to use a short-wave light source such as green and blue
chickens in broilers’ �rst weeks of age, which stimulates the growth of the bird. Huber-Eicher, Suter, and
Spring-Stähli (2013) found comparable results concerning broiler foraging behavior, pecking, and
attending the bird feeder more often than the birds in red or white light environments. Similar results were
observed by Newberry, Hunt, and Gardiner (1985), where broilers in low light intensity environments
increase movement. Preening is a vital behavior to be observed since it shows comfort and allows the
bird to keep a healthy plumage through the oily secretion distributed from the uropygial gland through
their feathers (Appleby et al., 2004). Alvine et al. (2009) observed that birds reared in lower brightness
environments indicated comfort and better welfare compared to the birds in higher brightness
conditions. 

Blatchford et al. (2009) showed that the daily activity rhythms of broilers were less pronounced under a 5
lx photophase with 1 lx scotophase lighting schedule than under either a 50 or 200 lx photophase with 1
lx scotophase. Although PID only provides a gross measure of general activity/inactivity relation rather
than the actual time spent performing speci�c behaviors. Studying Pekin ducks under two different light
sources (red light and white light), Campbell et al. (2015) found that. ducks raised under blue light were
more active and had increased plasma corticosterone levels, suggesting that these birds were under
stress. 

The use of green light on the production of the male broiler enables faster growth in the �rst few weeks of
life and better performance for the �nal phase of creation for chickens under blue light conditions
(Rozenboim et al., 2004). The preference for a shorter wavelength was also noted by Heshmatollah
(2007), who found that the chickens stayed in the green light environment longer than in the red, orange,
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and yellow environments. Such preference agrees with the results of the present study, since we indicate
that the use of green and blue lights affects broiler behavior and welfare. Thus, the use of green, blue,
white, and yellow LED lamps presented different effects on the behavior of broilers that varied depending
on the age and sex of birds. The colors green and blue affected the behavior of male chicks beginning at
7- days of age, by extending the time spent in the feeder and reducing inactive periods.
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Table 1- Models tested in different classi�cation approaches applied for data mining analysis
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    Classi�cation Option2

Model1   Blue Green Yellow White Others3

4ColorMF   *MF *MF *MF *MF --

4ColorM   *M *M *M *M --

4ColorF   *F *F *F *F --

BlueMF   *MF -- -- -- Others

BlueM   *M -- -- -- Others

BlueF   *F -- -- -- Others

GreenMF   -- *MF -- -- Others

GreenM   -- *M -- -- Others

GreenF   -- *F -- -- Others

YellowMF   -- -- *MF -- Others

YellowM   -- -- *M -- Others

YellowF   -- -- *F -- Others

WhiteMF   -- -- -- *MF Others

WhiteM   -- -- -- *M Others

WhiteF   -- -- -- *F Others

1 Denomination of the models that follow the hypothesis that there is a difference between all colors (4
colors) or just for one of the colors (Blue, Green, Yellow, and White). The grouping of genders, males and
females, males or just females, are identi�ed as “MF”, “M” or “F”, respectively. 

2 Blue, Green, Yellow, White, and Others are the classi�cation approaches that consider the hypothesis
that only within the color there are differences (Blue, Green, Yellow, White) between genders (males or
females or just females, identi�ed respectively as “MF”, “M” or “F”) and/or in comparison to the other
groups (Others);

3 Others, a group formed by the other sexes and/or colors not considered in the other classes assuming
the hypothesis of being equal in their behaviors. 

Table 2- Matrix of Contingency for the calculation of model accuracy and the precision of each class
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Class Predict the C + Predict the C- CP1 2 ACC

C + True positive (Tp) False negative (Fn) P/T (Tp+ Fn) [(TpT +n)/N] x 100

C- False positive (Fp) True negative (Tn) N/T (Fp+ Tn)

1 CP Class Precision of correct predictions in each class (C + or C-) express the relative frequency between
0 and 1; 2 Model Accuracy the percentage of true positive and true negative concerning N, the number of
instances (observations) in the test set.

Table 3 – Accuracy and precision of classi�cation models for broiler behavior as a function of exposure
to different lighting conditions.

    Precision of Classes

Model1 Accuracy Blue Green Yellow White Others2

4ColoursMF 37.50 0.33 0.44 0.33 0.36 --

4ColoursM 31.25 0.80 0.00 0.00 0.00 --

4ColoursF 68.75 1.00 0.60 0.57 1.00 --

BlueMF 71.88 0.46 -- -- -- 0.09

BlueM 96.88 1.00 -- -- -- 0.96

BlueF 81.25 0.00 -- -- -- 0.87

GreenMF 78.13 -- 0.56 -- -- 0.87

GreenM 96.88 -- 0.80 -- -- 1.00

GreenF 78.13 -- 0.00 -- -- 0.86

YellowMF 68.75 -- -- 0.40 -- 0.82

YellowM 84.38 -- -- 0.33 -- 0.90

YellowF 75.00 -- -- 0.00 -- 0.86

WhiteMF 50.00 -- -- -- 0.17 0.70

WhiteM 78.13 -- -- -- 0.00 0.86

WhiteF 81.25 -- -- -- 0.25 0.89
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1 Classi�cations model adopted in approaches: 4Colours, the in�uence of four Colours on the sex; Blue,
the in�uence of blue color on sex; Green, the in�uence of green color on the sex; Yellow, the in�uence of
yellow color on sex; White, the in�uence of white color on sex. The superscripts indicate that the sort
compares: MF, the behaviour of males and females for the color-matched each other; M, male behavior
for color compared to other treatments; F, female behavior for color compared to other treatments.
2 Precision of classi�cation of behaviors of birds for the Group of other treatments compared to speci�ed
color and sex.
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Figure 2

See image above for �gure legend


