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ABSTRACT

Broiler chickens submitted to different intensities and durations of thermal stress are
subject to variation in cloacal temperature and, consequently, to a decrease in
performance. Given the complexity of these interactions, artificial intelligence is a useful
methodology for decision-making. Thus, this study aimed to assess and predict, by means
of a fuzzy model, the cloacal temperature of broiler chickens submitted to thermal stress
in the second week of life, with varying durations and intensities, in climatized wind
tunnels. Mamdani’s inference and defuzzification methods by means of the center of
gravity were used. One hundred and twenty rules were elaborated. The developed fuzzy
model was used to predict the cloacal temperature of broiler chickens on the day of
thermal stress as a function of air dry-bulb temperature (°C), stress duration (days), and
the number of days after thermal stress. Cloacal temperature values simulated by the fuzzy
model showed standard deviations and percentage errors lower than 0.02 and 0.08%,
respectively, when compared to those obtained experimentally.

INTRODUCTION

Broiler chicken production in Brazil and the search
for higher productivity and quality of the supplied product
have grown in the last decades, increasing the
competitiveness of this sector in face of the new demands
of the consumer market.

The increased demand for chicken meat has led to
more and more improvements in productivity. Thus, rearing
of genetically improved birds, balanced nutrition, and an
environment adapted to bird characteristics should be
associated. In this context, broiler chicken rearing in a
suitable environment is essential in modern poultry farming
since it aims to achieve high productivity in a relatively
small space and time.

Because broiler chickens are homeothermic, they are
able to maintain their body temperature in a relatively
narrow range by means of physiological and behavioral
mechanisms. However, the thermoregulatory system of
these birds is not fully developed in the first weeks of life
(Furlan, 2006) and if submitted to thermal stress conditions,
their welfare may be affected and, consequently, their
performance.
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Thus, when environmental conditions are not within
the range considered as suitable, which is characterized by
the thermoneutral zone, the environment becomes
uncomfortable. An important parameter to determine the
comfort condition of birds is the cloacal temperature
(Ferreira et al., 2012). The variation of cloacal temperature
is a physiological response to the air temperature and
relative humidity conditions resulting from the storage or
dissipation of metabolic heat (Silva et al., 2003). Broiler
chickens submitted to different intensities and durations of
thermal stress are subject to cloacal temperature variation
aiming to increase or decrease heat dissipation.

Therefore, the prediction of cloacal temperature can
be used to assist the decision-making of commercial farms
for the activation of climatized systems. This prediction
favors the use of one of the main physiological responses
related to the assessment of thermal stress (Silva & Vieira,
2010; Costa et al., 2012) in an indirect and non-invasive way.

Among the several applied methodologies, the
modeling of fuzzy sets consists of techniques that allow
strict handling of qualitative information since they use the
transformation of numerical values into linguistic variables
determined by membership functions (Pandorfi et al., 2012;
Campos et al., 2013; Schiassi et al., 2015).
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Thus, the estimation of cloacal temperature as a
function of thermal environment constitutes a problem in
which the application of fuzzy logic can be applied. In this
context, this study aimed to develop a fuzzy mathematical
model to predict the cloacal temperature of broiler chickens
submitted to different intensities and durations of thermal
stress in their second week of life.

MATERIAL AND METHODS

An experiment with broiler chickens submitted to
different intensities and duration of thermal stress during
their second week of life was carried out to perform the
modeling. The data obtained in the experiment were used to
develop a model capable of predicting the cloacal
temperature of birds.

Data collection was performed in four climatized
wind tunnels installed in a laboratory equipped with two air
conditioning systems with a power of 5.275 kW (18,000
BTU) each and used to maintain the air temperature inside
the experimental room. Each climatized tunnel had a cage
with dimensions of 0.40 x 0.60 m with three divisions of
identical dimensions and areas of 0.08 m? each.

A total of 240 male and female Cobb 500 strain
broiler chickens, aged between one and 21 days were used
in the experiment. These birds were obtained with 1 day of
life from the same commercial hatchery. Sixty birds were
used at each stage, 15 of them at each wind tunnel, divided
into 5 birds for each division, with independent feeding and
drinking troughs.

A bird from each division was removed weekly and
taken to a production environment. Thus, only three birds
remained at each division in the third week of life,
maintaining the recommended rearing density.

During the experimental period, the birds were fed a
balanced diet, based on corn and soybean meal, following
the nutritional recommendations of Rostagno et al. (2011).
Feed and water were available ad libitum. Cleaning of wind
tunnels and cages was carried out daily to reduce gas
formation, thus providing an adequate environment for
broiler chicken performance.

The cloacal temperature was measured daily using a
TP-100 Instrutherm® thermometer with a scale ranging
from —50 to 450 °C and accuracy of £0.15 °C. Before each
use, the thermometer was sterilized and introduced into the
bird cloaca until a stable value was obtained.

The experiment was performed in four stages, with
13 treatments and 3 replications for each treatment. During
the first and third week of life of birds, the air dry-bulb
temperatures were maintained in the thermoneutral zone for
birds, whose values are 33 and 27 °C, respectively (Abreu
et al., 2000; Schiassi et al., 2015). At each stage, four air
temperatures were assessed in the second week of life of
birds (33, 30, 27, and 24 °C) from the eighth day of life. The
temperature levels were selected considering the optimum
temperature ranges recommended in the literature for the
second week of life of birds (Curtis, 1983; Abreu et al.,
2000), whose upper and lower limits were extrapolated to
generate discomfort due to low (27 and 24 °C) and high
temperatures (33 °C).

Four levels of thermal stress duration were assessed:
1, 2, 3, and 4 days. Soon thereafter, the air temperatures
returned to the conditions considered of comfort. During all
tests, air relative humidity was maintained at 60 = 1% and
airspeed at 0.2 + 0.1 m s™!, characterized as of comfort for
animals (Medeiros et al., 2005). The intensity of luminosity
was also controlled according to the Cobb-Vantress (2008)
manual. For the first, second, and third week, luminosity
values were set at 25, 10, and 5 lux, respectively. Table 1
shows the assessed treatments.

TABLE 1. Air dry-bulb temperature and stress maintenance days applied to broiler chickens from one to 21 days of age

maintained in climatized wind tunnels.

Stg Tunnel Days of life
1to7 8 9 10 11 12 13 14 15 to 21
A 33°C 30°C 30°C 30°C 30°C 30°C 30°C
| B 33°C 33°C 33°C 30°C 30°C 30°C 30°C 30°C e
C 33°C 33°C 33°C 30°C 30°C 30°C 30°C
D 33°C 33°C 33°C 33°C 30°C 30°C 30°C
A 27°C 30°C 30°C 30°C 30°C 30°C 30°C
B R 27°C 27°C 30°C 30°C 30°C 30°C 30°C o
2 C 33°C 27°C 27°C 27°C 30°C 30°C 30°C 30°C 27C
D 27°C 27°C 27°C 27°C 30°C 30°C 30°C
A 24°C 30°C 30°C 30°C 30°C 30°C 30°C
B o 24°C 24°C 30°C 30°C 30°C 30°C 30°C o
3 C 33°C 24°C 24°C 24°C 30°C 30°C 30°C 30°C 27C
D 24°C 24°C 24°C 24°C 30°C 30°C 30°C
4 A,B,Cand D 33°C 30°C 27°C
Stg = Stage.

Engenharia Agricola, Jaboticabal, v.39, n.1, p.18-25, jan./feb. 2019



Lucas H. P. Abreu, Tadayuki Yanagi Junior, Alessandro T. Campos

Fuzzy sets were designed in order to characterize
each variable and a membership functions was determined
for each set. To quantify the importance of temperature
variation in the second week of life, thermal stress duration
(days), air dry-bulb temperature (°C), and days after thermal
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stress (days) were assigned as input variables. Thus,
intervals for each input variable were determined according
to triangular membership function (Figure 1), which best
represent the input data, as used by several authors (Ganga
etal., 2011; Ponciano et al., 2012; Campos et al., 2013).
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FIGURE 1. Membership functions for the input variables: a) thermal stress duration (days), b) air dry-bulb temperature (°C),

and c) days after thermal stress (days).

Cloacal temperature (°C) was defined as the model
output variable. This variable was analyzed during the days
of thermal stress in the second week up to five days after the
established thermal stress period.

For the output variable, after the preliminary
adjustment test, the membership functions were
characterized as triangular (Figure 2) because they
reproduce better responses with lower standard deviation
values, which is in accordance with that observed by several
authors (Castro et al., 2012; Ponciano et al., 2012).

The Mamdani’s inference method was applied to
perform all the fuzzy reasoning. This method provides the
answers of a set, according to the combinations of input
values with their relative degrees of membership by means
of a minimum operator and then by defining rules through
a maximum operator. The center of gravity (centroid or
center of area) method was used in the defuzzification,
which admits all the alternatives of outputs, converting the
sets into numeric values (Castro et al., 2012).
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FIGURE 2. Membership functions for the output variable cloacal temperature (°C).

The rules were defined by means of linguistic
sentences based on the data collected in the first stage of this
experiment and with the assistance of three specialists.
According to Silva & Costa (2004), a specialist is a
professional who has deep and specific knowledge in a
given area. Thus, for the development of the fuzzy logic, it
is necessary that the professional be qualified to avoid the
possibility of contradictions in the interactions between the
rules (Cherri et al., 2011). For selecting the specialist, the
methodology was used as in Yanagi Junior et al. (2012).
Therefore, three specialists with experience in the area of
animal ambience and fuzzy modeling for more than ten
years helped to set up the rules.

According to the combinations of thermal stress
duration, air dry-bulb temperature, and days after thermal
stress, 120 rules were defined and, for each rule, a weighting
factor equal to 1 was assigned, as adopted by several authors
(Ponciano et al., 2012; Yanagi Junior et al., 2012; Schiassi
etal., 2013).

The validation of the developed fuzzy model was
performed by means of the cloacal temperature data
obtained experimentally. Cobb strain broiler chickens were
submitted to different intensities and duration of stress
during the second week of life and their performance
analyzed during 21 days.

RESULTS AND DISCUSSION

Birds submitted to conditions of thermal discomfort
in the first weeks of life may have their welfare affected,
negatively affecting their productive performance. In
addition, thermal conditions under which birds undergo in
the first weeks of life are relevant to animal development in
the future (Marchini et al., 2009).

Abreu et al. (2012) studied morphological measures
as a function of weight and age of birds by means of images
and verified that broiler chickens submitted to high cyclic
ambient temperature presented an increase in cloacal
temperature. This effect is clearly observed in the
experimental data, in which the birds submitted to thermal
stress (0 days) (Table 2) at a temperature of 33 °C, varying
only the thermal stress duration during the second week of
life, showed values of cloacal temperature with duration of

one (CT"), two (CT?), three (CT?), and four days (CT*) of
41.2,41.6,41.9, and 41.9 °C, respectively.

In the control treatment, in which the birds were
submitted to air dry-bulb temperature of 30 °C during the
second week, the average value of cloacal temperature was
41.8 °C, confirming the range between 41.2 and 42.2 °C
considered as of comfort for broiler chickens, as cited by
Tao & Xin (2003). Nazareno et al. (2009) found the same
range of cloacal temperature values for birds reared in
picket and confined systems. Thus, the air dry-bulb
temperature of 30 °C can be confirmed as the comfort
temperature for broiler chickens in the second week of life,
which is in accordance with the results obtained by other
authors (Medeiros et al., 2005).

Cloacal temperature values simulated by the fuzzy
model as a function of the thermal stress temperature,
thermal stress duration, and days after thermal stress in the
second week of life were compared to the experimental data
obtained in climatized wind tunnels (Table 2). Average
standard deviations of 0.01, 0.01, 0.02, and 0.01 °C and the
corresponding percentage errors of 0.05, 0.04, 0.08, and
0.04% were calculated for CT!, CT? CT3, and CT%
respectively.

In the study carried out by Ponciano et al. (2012) to
predict the productive performance of broiler chickens from
one to 21 days of age using fuzzy mathematical modeling,
the authors obtained average values of standard deviations
for feed intake (FI), weight gain (WG), and feed conversion
(FC) of 4.31 g, 4.76 g, and 0.02 g g, respectively, and
percentage errors of 2.38, 2.94, and 2.16%, respectively,
thus demonstrating the efficiency of the proposed fuzzy
model in simulating parameters involving poultry
production.

Linear regressions of values obtained experimentally
and simulated by the fuzzy model are shown in Figure 3, in
which the coefficients of determination (R?) were 0.998,
0.992, 0.977, and 0.981 for CT', CT? CT?, and CT*
respectively. To assess the performance of adult broiler
chickens as a function of temperature, relative humidity,
and airspeed, Medeiros et al. (2005) developed a
mathematical model to predict FI, WG, and FC and found
values of coefficients of determination of 0.91, 0.89, and
0.72, respectively.

Engenharia Agricola, Jaboticabal, v.39, n.1, p.18-25, jan./feb. 2019



Lucas H. P. Abreu, Tadayuki Yanagi Junior, Alessandro T. Campos 22

TABLE 2. Comparison of cloacal temperature (°C) with stress duration of one (CT"), two (CT?), three (CT?), and four days
(CT*) for broiler chickens from one to 21 days of age obtained experimentally and simulated by the model.

Thermal Days Experimental data Fuzzy simulation Standard deviation Error (%)
stress after

temperature stress CT' CT? CT® CT* CT' CT? CT® CT* CT' CT? CT® CT* CT' CT? CT® CT!
(W)

0 412 416 419 419 412 416 419 419  0.00 0.0 0.00 000 _ 0.0 0.00 0.00 0.00
1 421 422 417 417 421 422 416 416  0.00 000 005 0.05  0.00 000 024 0.24
2 2 422 418 423 422 422 418 424 422 0.00 0.00 005 000 _ 0.00 0.00 024 0.00
3 414 421 423 420 414 421 424 420 _ 0.00 0.0 0.05 000 _ 0.0 0.00 024 0.00
4 420 420 417 418 420 420 41.6 418 000 0.00 0.05 000 0.0 0.00 024 0.00
5 417 419 418 419 416 419 418 419 005 0.0 000 000 _ 0.4 0.0 0.0 0.00
0 409 412 41.6 416 410 412 41.6 416 005 0.0 000 000 024 0.0 0.00 0.00
1 413 421 420 420 414 421 420 420 _ 0.05 0.00 0.00 0.00 _ 024 0.0 0.00 0.00
- 2 418 423 421 421 418 424 421 421 0.00 0.05 000 000 0.0 0.24 0.00 0.00
3 422 409 422 411 422 410 422 411 _ 0.00 0.5 0.00 000 _ 0.0 0.24 0.00 0.00
4 420 422 415 418 420 422 41.6 418 000 0.00 0.05 000 0.0 0.00 024 0.00
5 421 418 41.8 418 421 418 418 418  0.00 0.00 000 000 0.0 0.00 0.00 0.00
0 402 404 40.6 408 402 404 40.6 408  0.00 0.00 0.00 000 0.0 0.00 0.00 0.00
1 404 412 414 412 404 412 414 412 0.00 0.00 0.00 0.00 _ 0.0 0.00 0.0 0.00
24 2 412 420 418 416 412 420 418 416  0.00 0.0 000 000 0.0 0.00 0.00 0.00
3 416 409 421 41.6 416 410 421 416 000 0.5 0.00 000 0.0 0.24 0.00 0.00
4 417 418 415 413 416 418 416 414 005 0.00 005 005 024 0.00 024 024
5 416 416 41.6 415 416 41.6 41.6 416 000 0.0 000 005 0.0 0.0 0.00 024
30 0 418 418 0.00 0.00
Average 0.01 0.01 0.02 0.01 _ 0.05 0.04 0.08 0.04
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FIGURE 3. Linear regressions of cloacal temperatures obtained experimentally and simulated by the fuzzy model by varying
the thermal stress duration: a) one day of thermal stress (CT!), b) two days of thermal stress (CT?), ¢) three days of thermal stress
(CT?), and d) four days of thermal stress (CT?) in the second week of life.
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The response surface (Figure 4) illustrates the behavior of cloacal temperature as a function of the air dry-bulb temperature
and thermal stress duration during the stress period. A depression in the temperature range from 29 to 24 (°C) indicates the
occurrence of a decrease in cloacal temperature, thus demonstrating that broiler chickens submitted to cold stress decrease their

cloacal temperature, as well as the intensity of this reduction.
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FIGURE 4. Cloacal temperature (°C) simulated as a function of the air dry-bulb temperature (°C) and thermal stress duration

(days) for broiler chickens from one to 21 days of age.

In addition, the duration of 1 day can be considered
as a reference in relation to the adaptation of birds to the
thermal stress condition since the cloacal temperature of
birds reduced to a minimum value when submitted to a
certain temperature. From this period (1 day), the cloacal
temperature increased, i.e. it presented a lower reduction in
relation to the reference value under comfort conditions
(41.8 °C). This behavior of cloacal temperature is because
of their agglomerating behavior, in addition to possible
physiological adjustments (Furtado et al., 2010).

CONCLUSIONS

The fuzzy model developed to predict the cloacal
temperature of broiler chickens in the second week of life
when submitted to different intensities and durations of
thermal stress, was adequate to support the decision-
making, providing values of standard deviations and
percentage errors lower than 0.05 and 0.24%, respectively.

Simulations carried out indicate that, from the
second day of stress, the birds were able to adapt to the
thermal conditions to which they were submitted.
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