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ABSTRACT: Given the need to obtain systems to better control broiler production environment,
we performed an experiment with broilers from 1 to 21 days, which were submitted to different
intensities and air temperature durations in conditioned wind tunnels and the results were used for
validation of a fuzzy model. The model was developed using as input variables: duration of heat
stress (days), dry bulb air temperature (°C) and as output variable: feed intake (g) weight gain (g)
and feed conversion (g.g}). The inference method used was Mamdani, 20 rules have been prepared
and the defuzzification technique used was the Center of Gravity. A satisfactory efficiency in
determining productive responses is evidenced in the results obtained in the model simulation, when
compared with the experimental data, where R? values calculated for feed intake, weight gain and
feed conversion were 0.998, 0.981 and 0.980, respectively.
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MODELAGEM FUZZY DO DESEMPENHO DE FRANGOS DE CORTE, CRIADOS
DE 1 A21DIAS, SUBMETIDOS A ESTRESSE TERMICO

RESUMO: Diante da necessidade de se obter sistemas, para melhor controlar o ambiente de
producédo de frangos de corte, foi realizado um experimento com frangos de corte de 1 a 21 dias, 0s
quais foram submetidos a diferentes intensidades e duracdes de temperaturas do ar em tineis de
vento climatizados, e os resultados foram utilizados para a validagédo de um modelo fuzzy. O modelo
foi desenvolvido, utilizando como varidwveis de entrada: duracdo do estresse térmico (dias),
temperatura de bulbo seco do ar (°C) e, como varidvel de saida: consumo de racdo (g), ganho de
peso (g) e conversdo alimentar (g.g). O método de inferéncia utilizado foi o de Mamdani, tendo
sido elaboradas 20 regras, e a técnica de defuzzificacdo usada foi a do Centro de Gravidade. Nos
resultados, obtidos na simulacdo do modelo, quando comparados com o0s dados experimentais,
evidencia-se uma eficiéncia satisfatoria na determinacdo das respostas produtivas, nas quais 0s
valores de R? calculados, para consumo de ragdo, ganho de peso e conversdo alimentar, foram de
0,998; 0,981 e 0,980, respectivamente.

PALAVRAS-CHAVE: Logica fuzzy, ambiéncia animal, avicultura.

INTRODUCTION

In Brazil poultry stands out for its importance and relevance in the national scene, in which it
currently occupies the first position in the ranking as poultry exporter and third place as a global
producer (UBABEF, 2013).

In order to continue on the spotlight in the world trade, it is important for this sector to meet
both the demand for domestic consumption in the country and exports. Thus to maximize
productivity, it is essential to combine a high genetic potential of the livestock to a diet with
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adequate nutritional level in aseptic environment and adjusted to the poultry’s needs (YANAGI
JUNIOR et al., 2011).

According to PEREIRA et al. (2011a), the broiler production environment is differentiated
in physical, air, thermal, biological, acoustic and social aspects. In the breeding system, thermal
factors directly influence the broiler, due to the change in the maintenance of homeothermy
(BARBOSA FILHO etal., 2009; MENEGALI et al., 2009).

According to ABREU et al. (2012), in order for the poultry to control its body temperature,
it is important that it is placed in an environment that determines thermal comfort which preserves
its body temperature. However, the poultry’s thermoregulatory system is not properly formed in the
first weeks of life (SILVA et al.,, 2009) and, if subjected to heat stress during this period, may be
affected in its well-being and, as a result, its performance.

In this context, the maintenance of thermal environment within comfort ranges is imperative
for broilers, so that all the genetic potential of a lineage can be tapped. Therefore, the development
of algorithms (mathematical models) of control that can be embedded in microcontrollers becomes
necessary (PEREIRA et al., 2011b; BELTRAME et al., 2012). Among the possible models to be
developed, those based on artificial intelligence, specifically, the fuzzy methodology has shown to
be the most appropriate.

Studies have shown good efficiency in the use of the fuzzy methodology, when applied to
assist in making decisions that are specified by the presence of uncertainty in claims of "yes" and
"no" (FERREIRA et al., 2010). Thus, the fuzzy system can be used to predict the performance of
broiler chickens under different intensities and durations of heat stress during the second week of
life (WANG et al., 2008; ABORISADE & STEPHEN, 2014; MIRZAEE-GHALEH et al., 2015).

In this context, the aim of the present research was to dewvelop a fuzzy model capable of
predicting the feed intake, weight gain and feed conversion of broiler chickens raised from 1 to 21
days, subjected to different intensities and heat stress durations during the second week of life, thus
enabling to provide critical information for the proper handling of poultry, in order to increase
productivity by controlling the thermal environment.

MATERIAL AND METHODS

For modeling development, this research was divided into two steps. The first part consisted
of submitting the broilers to different heat stress intensities and periods throughout the second
week. The other phase involved data collection to develop a model able to predict feed intake,
weight gain and poultry feed conversion.

Data collection was carried out in four conditioned wind tunnels, housed in a laboratory with
an area of 31.92 m* (5.6 mx 5.7 m), whose ceiling height is 3.5 m, equipped with two air-
conditioning systems with a power of 5,275 kW (18,000 BTUs) each, used to maintain the
temperature inside the experimental room. Each air-conditioned tunnel (Figure 1a) has a cage with
dimensions of 0.40 x 0.60 meters, divided into 3 equal parts with dimensions of 0.08 n? (Figure
1Db).

We used 240 broiler chickens of Cobb lineage, aged between 1 and 21 days, being obtained
with 1 day of life from the same commercial hatchery. In each battery 60 birds were used, 15 birds
in each wind tunnel, divided into five birds for each partition, with independent feeders and
drinkers.
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(b)

FIGURE 1. a) Air-conditioned wind tunnels. b) Top view of the cages housing the broilers inside
the air-conditioned wind tunnels.

A bird from each partition was removed weekly and taken to a production environment, thus,
by the third week of life only three birds remained in each partition, keeping the stocking density
recommended by the COBB Manual (2008).

During the trial period, balanced feed was provided to the birds, being formulated based on
corn and soybean meal and following the nutritional recommendations of ROSTAGNO et al.
(2011). We measured body mass and mean daily ad libitum water and feed intake for each bird.
Wind tunnels and cages were also cleaned daily to prevent gas formation and provide a suitable
environment for poultry performance. The experiment was conducted in four batteries and 13
different treatments; birds’ performance was assessed for each treatment throughout 21 days,
considering three replicates for each treatment. During the first and third weeks of life, temperatures
were remained at thermoneutral zone, i.e., 32 to 34 °C and 26 to 28 °C, respectively (CONY &
ZOCCHE, 2004). In each battery, four air temperatures were evaluated in the second week of bird
life (33 °C, 30 °C, 27 °C and 24 °C), from the eighth day of life on. Temperature levels were
selected regarding the optimal temperature ranges recommended in literature for the second week of
bird life (CONY & ZOCCHE, 2004; CURTIS, 1983), with its lower and upper limits extrapolated
to obtain discomfort conditions by low temperatures (27 °C and 24 °C) and high temperature (33
°C).

Four levels of heat stress duration were evaluated: 1, 2, 3 and 4 days, and right after that,
temperatures returned normal within comfortable zone. During all tests, relative humidity was
maintained at 60 + 1% and air speed at 0.2 +-0.1m.s™}, which is characterized as comfortable for
animals. Brightness was adjusted by a dimmer with the aid of a light meter (LDR-380, accuracy of
*+ 3%), and the intensity levels were defined according to the COBB Manual (2008); for the first,
second and third weeks, the values were fixed at 25 lux, 10 lux to 5 lux, respectively. Table 1 lists
the treatments evaluated.

After sampling, each treatment data were tabulated and used to determine the accumulated
amounts of feed intake (g), weight gain (g), and feed conversion (g.g*), which were also used in
proposed mathematical model validation.

Eng. Agric., Jaboticabal, v.35, n.6, p.967-978, nov./dez. 2015



Lucas H. P. Abreu, Tadayuki Yanagi Junior, Edison J. Fassani, et al. 970

TABLE 1. Air temperature and stress condition days applied to broilers from 1 to 21 days of age,
kept in air-conditioned wind tunnels.

Days of life

Battery Tunnel 1a7 8 9 10 11 12 13 14 15a21
A 33°C_30°C__30°C__30°C__30°C_30°C_30°C

B . T33°C 33C 30°C__30°C__30°C__30°C_ 30°C .

1 C 33°C —335¢ 33Cc 33°C 30°C 30°C 30°C 30°C 2/ C
D 33°C_33°C_ 33°C_ 33°C 30°C_30°C_ 30°C
A >7°C 30°C__30°C__30°C _30°C 30°C_30°C

B . T27°C_27°C_30°C__30°C__30°C_30°C_ 30°C .

2 C 3¥C <7 —37¢ 27°c 30°C 30°C 30°C 30°C 2/ C
D 27°C__27°C__27°C__27°C__30°C__30°C__30°C
A 54°C _30°C__30°C__30°C__30°C__30°C_30°C

B . T24°C 24°C_30°C__30°C__30°C_30°C_ 30°C .

3 C 3°C —4ec 2ac 24°C 30°C _30°C_30°C_30°C 2 ©
D 24°C_24°C__24°C_24°C__30°C__30°C_30°C

7 ABCeD 33C 30°C 27°C

The sets were designed to characterize each variable and a membership function was
determined for each set. Seeking to quantify the importance of temperature variation in the second
week of life, in this research the input variables attributed were duration (days) and temperature of
heat stress (°C). Thus, the ranges for each input variable were determined, as shown in Table 2, and
their respective membership functions (Figure 2). For choosing the best curve shape for the
membership functions preliminary tests were carried out, in which it was found that the triangular
curves would satisfactorily represent the input and output data for resulting in lower standard
deviation values.

TABLE 2. Input variables sets.

Duration of heat stress (days) Temperature of heat stress (°C)
DO D1 D2 D3 D4 T1 T2 T3 T4
[0;1] [0;2] [13] [2:4] [3:4] [24,27] [24,30] [27,33] [30;33]

D0 Dl D2 D3 D4

.
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FIGURE 2. Membership functions for the input variables: a) Duration of heat stress (days), b)
Heat stress temperature (°C).

For each output variable, the membership functions were characterized as triangular (Figure
3), for best reproducing the data set and resulting in smaller standard deviation values in
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preliminary tests, thereby being used by many authors (SANTOS et al., 2009; PONCIANO et al.,
2012).

The Mamdani inference method was applied to perform all the fuzzy reasoning. This method
provides the responses of a set according to the combinations of input values with their relative
membership degrees, through a minimum operator and, then, through definitions of the rules by the
maximum operator (LEITE et al., 2010). The method Center of Gravity (Centroid or Center Area)
was used in defuzzification, in which it admits all output alternatives, converting the sets into
numerical values (LEITE et al., 2010).
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FIGURE 3. Membership functions for the output variables: a) feed intake (g), b) weight gain (g)
and c) feed conversion (g.g™).

The rules were defined through language sentences (Table 3) based on the data collected in
the first phase of this experiment and with the help of three specialists, and integrate a substantial
feature in the performance of a fuzzy inference system, which will perform well only when the rules
are consistent. Thus, for the development of fuzzy logic, it is necessary that the professional be
qualified in order to avoid possible contradictions in the interactions between the rules (CHERRI et
al.,, 2011).
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TABLE 3. Fuzzy inference set of rules for heat stress duration (HD) and heat stress temperature

(ST).

Rules
If (Duration is D1) and (Temperature is T1) then (WG is 16) and (FI is 5) and (FC is 22)
If (Duration is D1) and (Temperature is T2) then (WG is 8) and (FI is 3) and (FC is 20)
If (Duration is D1) and (Temperature is T3) then (WG is 7) and (FI is 3) and (FC is 17)
If (Duration is D1) and (Temperature is T4) then (WG is 15) and (FI is 6) and (FC is 19)
If (Duration is D2) and (Temperature is T1) then (WG is 14) and (FI is 4) and (FC is 22)
If (Duration is D2) and (Temperature is T2) then (WG is 8) and (FI is 3) and (FC is 18)
If (Duration is D2) and (Temperature is T3) then (WG is 7) and (Fl is 3) and (FC is 17)
If (Duration is D2) and (Temperature is T4) then (WG is 10) and (FI is 2) and (FC is 20)
If (Duration is D3) and (Temperature is T1) then (WG is 14) and (FI is4) and (FC is 21)
10 If(Duration is D3) and (Temperature is T2) then (WG is 13) and (FI is5) and (FC is 19)
11  If(Duration is D3) and (Temperature is T3) then (WG is 7) and (FI is 3) and (FC is 17)
12 If(Duration is D3) and (Temperature is T4) then (WG is 8) and (FI is 1) and (FC is 19)
13  If(Duration is D4) and (Temperature is T1) then (WG is 12) and (FI is 3) and (FC is 21)
14 If (Duration is D4) and (Temperature is T2) then (WG is 11) and (FI is 2) and (FC is 21)
15 If(Duration is D4) and (Temperature is T3) then (WG is 7) and (FI is 3) and (FC is 17)
16  If(Duration is D4) and (Temperature is T4) then (WG is 9) and (FI is 1) and (FC is 21)
17  If(Duration is DO) and (Temperature is T1) then (WG is 7) and (FI is 3) and (FC is 17)
18 If(Duration is DO) and (Temperature is T2) then (WG is 7) and (FI is 3) and (FC is 17)
19 If(Duration is DO) and (Temperature is T3) then (WG is 7) and (FI is 3) and (FC is 17)
20  If (Duration is D0O) and (Temperature is T4) then (WG is 7) and (FI is 3) and (FC is 17)

OO NOOTPAWN P

The methodology proposed by CORNELISSEN et al. (2002) was used for the choice of
experts, as used by ESCOBAR & GALINDO (2004), YANAGI JUNIOR etal. (2012), CAMPOS et
al. (2013). Three experts helped in the development of rules, all with over ten years of experience in
the areas of animal ambience, zootechnics and mathematical modeling.

According to the combinations of heat stress duration and temperature, 20 rules were defined
and, for each rule, a weighting factor of 1 was assigned, since all the rules have the same
importance in determining the model responses, as adopted by various authors (CREMASCO et al.,
2010; YANAGI JUNIOR et al., 2012; SCHIASSI et al., 2014). Furthermore, tests performed by
assigning other weights to the rules did not result in reduction of simulation errors.

To perform validation of mathematical modeling, all the data collected in the first phase of
this research were used, in which broiler chickens of Cobb lineage were submitted to different
intensities and stress durations during the second week of life and their performance analyzed for 21
days.

The simulations were employed with the help of the Fuzzy Toolbox® by Matlab®, software
version 7,13,0,564 (R2011b), where all the modeling was developed. In the evaluation of the
proposed model, the productive responses of poultry were simulated and compared with data
experimentally acquired by standard deviation and the percentage error.

In a broader scope, the objective with these tests is to assess the ability of modeling to predict
the values for FI, WG and FC, addressing all probable combinations of initial variables. Thus, the
performance of broiler chickens provided as system response can be used as a tool for decision
making in the control of the productive environment in case of heat stress.

RESULTS AND DISCUSSION

If the poultry is subjected to conditions of thermal discomfort in the first weeks of life, its
well-being may be affected, negatively affecting its productive performance. It is noteworthy that
the thermal conditions to which the birds are subjected in the first weeks of life are relevant to the
animal development in the future (MARCHINI et al., 2009).
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According to ABREU et al. (2000), the birds subjected to heat stress by low temperatures
increase their FI, but there is no improvement in bird performance, because part of the energy intake
is used to produce heat. This effect is clear in the experiment performed (Table 4), in which the birds
subjected to heat stress in a temperature of 24 °C, with an intensity of 4 days during the second week
of life had F1, WG and FC of 867.9 g; 592.9 g 1.46 g g, respectively, but in the control treatment in
which they were submitted to a temperature of 30 °C during the second week, which is considered
comfortable (SILVA et al. 2009), they presented FI, WG and FC of 762.68 g; 592.67 gand 1.29 g g*,
i.e., with the thermal stress the birds consumed approximately 100 g more, while the WG was
practically the same.

The average values of standard deviations for FI, WG and FC were 1.19 g; 2.09 g 0.01g g™,
respectively, and the respective percentage errors were 0.20%, 0.49% and 0.47% (Table 3). In the
research conducted by PONCIANO et al. (2012) to predict the productive performance of broilers
from 1 to 21 days old using the mathematical model, average values of standard deviations of 4.31
g; 4.76 gand 0.02 g g were obtained, respectively, and percentage errors of 2.38; 2.94 and 2.16%,
thereby demonstrating the efficiency of the fuzzy model proposed to simulate the productive
responses.

TABLE 4. Comparison of feed intake values (FI, g), weight gain (WG, g) and feed conversion
(FC, g.g1), for broilers of 1 to 21 days old, obtained experimentally and simulated by

the model.
Temperature Experimental Fuzzy Simulation Standard Deviation Error (%)
of heat stress Duration of heat stress (days) Data
°C) FI WG FC FI WG FC FI WG FC FI WG FC
1 011.87 654.87 130 01300 65500 130 080 000 000 012 002 0.18
2 826.84 358274 142 82300 58100 142 272 123 000 047 030 0.08
33
3 783.68 56335 130  781.00 S60.00 130 100 237 000 034 060 0.08
4 808.05 559.62 144  809.00 560.00 146 068 027 002 012 007 1.10
1 82175 589.35 140 82200 50100 130 018 187 001 003 045 048
” 2 77746 50002 130  781.00 501.00 120 250 S5.67 001 045 136 0.6l
3 §88.55 628.00 141  §87.00 637.00 130 110 573 002  0.17 127 1.64
4 §47.10 580.80 146  §45.00 581.00 146 148 014 000 025 003 0.10
1 04133 63075 147 04100 63000 148 023 053 001 004 012 058
. 2 001.03 60643 140 001.00 612.00 148 066 304 001 010 001 0490
3 002.00 616.00 146 001.00 612.00 146 071 283 000 011 065 020
4 867.00 50200 146 867.00 50100 146 064 134 000 0.10 032 026
30 - 762.68 502.67 120 760 591 120 100 118 000 035 028 024

Average L19 .09 0.01 0.20 0.49 047

In Figure 4, simple linear regressions of the values obtained were adjusted experimentally and
by fuzzy modeling, in which the coefficients of determination (R?) presented for FI, WG and FC
were 0.998; 0.982 and 0.980, respectively. To evaluate the performance of adult broiler chickens
according to temperature, relative humidity and air velocity, MEDEIROS (2001) developed a
mathematical model to predict the FI, WG and FC and found determination coefficient values of
0.91; 0.89 and 0.72, respectively. These results prove the efficiency of the fuzzy model when
compared to statistical models.
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FIGURE 4. Linear regressions of productive responses measured experimentally and simulated:
a) feed intake (F1); b) weight gain (WG) and c) feed conversion (FC) for broilers from
1to 21 days old.

According to the COBB manual (2008), the cumulative feed conversion for broilers raised in
comfortable conditions for mixed birds in the third week is 1.247 g g*. In the experiment
performed, the value of feed conversion found when the birds were not subjected to stress was
1.290 g g%, thus determining a standard deviation 0f0.02 g g and a percentage error of 3.44%.

The birds subjected to a temperature of 30 °C in the second week of life obtained a better feed
conversion than with other temperatures. Thus, it is possible to conclude that the ideal temperature
for broilers in the second week of life is 30 °C, confirming the comfort temperature during the
second week according to YOUSEF (1985); MAY & LOT (2000) and MEDEIROS et al., (2001).

The surface shown in Figure 5 illustrates the interaction between temperature and duration of
thermal stress considering the FC. The depressions in the temperature range between 29 and 31 (°C)
indicate that the best feed conversion occurred. The analysis can be made with respect to the days of
thermal stress and temperature adopted. We can observe that when the stress duration was 4 days,
the worst feed conversion values were obtained, and the same occurred with different temperatures,
that is, the more outside the comfort range of 28 to 32 °C (MACARI et al., 2004), the worse the
feed conversion. Thus, it can be stated that in order to evaluate the performance of broiler chickens
subjected to stress, the interaction of heat stress temperature along with the duration of that same
temperature should be used.

When the birds were subjected to stress at low temperatures, we can see that as the
temperature decreases, feed conversion worsens, so for the duration of 1 to 3 days of stress, feed
conversion showed worsening of 0.031 g g™ and 0.028 g g, respectively, for each stress level. For
2 days of stress the surface demonstrates that up to the temperature of 27 °C, birds, even when
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suffering a thermal stress, still remained with the same performance as the birds subjected to
comfort conditions. This may be due to the fact that birds modify their behavior, crowding and thus
reducing feed intake, however, from the third day of stress on there was a compensatory gain,
increasing feed intake as shown in Table 3.

FC(g.g")

FIGURE 5. Feed conversion (FC) simulated depending on the temperature of heat stress
and duration of heat stress for broilers from 1 to 21 days old.

For 4 days of stress duration at low temperatures, there was a worsening in feed conversion of
0.056 g g for each stress level until the temperature of 27 °C, remaining virtually constant until the
temperature of 24 °C. For the thermal stress at high temperatures, the surface shows that, for all
durations, feed conversion increases on average 0.041 g g™ for each stress level the bird has gone
through.

Therefore, according to the findings of this study, it is concluded that the proposed fuzzy
model can be used to predict the FI, WG and FC, depending on thermal stress temperature and
duration. The joint analysis of the thermal environment and production responses of birds provides
a more detailed review of the production process, thus permitting a better efficiency in heating and
cooling systems.

CONCLUSIONS

The experiment in climate-controlled wind tunnels provided the assessment of air temperature
influence on broiler performance during the first 21 days.

The fuzzy modeling can be used to predict efficiently the productive responses of broiler
chickens aged between 1 and 21 days, when subjected to different intensities and durations of heat
stress, and can thus be adapted to heat-treatment systems to support the decisions.
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