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ABSTRACT

This study aimed to develop a decision-support system basktorset theorywhich can estimate welfare
depending on the production responses of broiler chickens raised in climatic chambers. In the first phase, the influence
of four different air temperature conditions on the performance of broilers was identified. Thus, the effect of air
temperature on productivity was evaluated. In the second phase, a model was developedfusirygehéheoryin
which feed intake responses, weight gain, and feed conversion were established according to age and the air temperature
at which the birds were maintained, obtaining an efficient evaluation of the thermal environment. The results indicate
that the proposed methodology is a promising technique for the determination of the level of thermal comfort endured
by broilers, capable of assisting in making decisions on control of the thermal environment, avoiding productivity
losses.
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RESUMO

Efeito do ambiente térmico sobre o desempenho de frangos de cortes
usando modelagem fuzzy

Este estudo teve como objetivo desenvolver um sistema de apoio a decisédo com base na teoria ddsizopjuntos
que pode estimar o bem-estar de acordo com as respostas de producdo de frangos de corte criados em camara
climatizadas. Na primeira fase, identificou-se a influéncia de quatro diferentes condi¢cdes de temperatura do ar sobre o
desempenho dos frangdsssim, foi avaliado o efeito da temperatura do ar na produtividade. Na segunda fase, foi
desenvolvido um modelo usando a teoria dos conjdnizy onde as respostas consumo de ragdo, ganho de peso e
conversao alimentar foram estabelecidos de acordo com a idade e a temperatura do ar em que as aves foram mantidas
para obtencdo de uma avaliacdo eficaz do ambiente térmico. Os resultados indicaram que a metodologia proposta € uma
técnica promissora para a determinacéo do nivel de conforto térmico sofrido por frangos de corte, capazes de auxiliar
na tomada de decisdes sobre o controle do ambiente térmico, evitando perdas de produtividade.

Palavras-chavemodelos matematicos; conforto ambiental; cAmaras climaticas.
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338 FlavioAlves Damascenet al.

INTRODUCTION theory which can estimate welfare depending on the

. . . ﬁroduction responses of broiler chickens raised in climatic
In Brazil, the percentage of days in the year wit hambers

weather conditions considered comfortable for the bircfs
is higher compared with the US and Europe. HoweverMATERIAL AND METHODS
production systems developed in these countries have
been introduced in Brazil without any significant change, Data collection and animal management
Ieadlng.the poultry prgducgrs to a reduction in proQuctpn This study was developed in two stages:
competlFlveness, pesndes imposing heat sFrgss S|tuat|onsa) In the first stage, we evaluated the representative
on the birds (Medeiros, 200aimeida & Passini, 2013). 546 of thermal comfort for broilers of different ages,

The high environmental temperature values have begpc|imatized in Brazilian climatic conditions, verifying the
causing serious problems in the poultry industry due tojgfyence of different cold- and heat-stress temperatures
decline in production and the high mortalldjgh mortality i, the early stages of breeding on productive performance
rates and other economical losses happens during i&he birds subjected to comfort or different conditions
first weeks of broiler rearing, emphasizing that incorregit neat stress.
management and environmental control routines at this For this, we used five climatic chambers with dimensions
stage may cause significant losses (Baratfa, 2006;  f 2 5 m wide x 3.3 m long x 2.5 m high, located in the Center
Heieret al.,2002). for Research on the Environment afgro-Industrial

The level of thermal comfort inside poultry houses isystem Engineering (AMBIAGRO), Rural Construction and
a highly important factor in determining the success ghe Environmental Sector of the Departmento de Engenha-
broiler production activity (Lopest al, 2015). Excess cold rjg Agricola (Agricultural Engineering Department) of the
and/or heat results in lower productivity of the birdsyniversidade Federal décosa (UFV).
affecting their overall performance and health, and extreme gach climatic chamber was equipped with a split-type
situations may occuwith the addition of high mortality not/cold air conditioner of 12,000 BTUthan electrical

For this reason, it is very important to know the thermaksistance heater of 2000 and a humidifier with a capacity
levels considered comfortable and appropriate for thg 4.5 L, and mist flow (average value) of 300 mL Fhe
maximum growth performance of broilers in their differenheater and humidifier were controlled by an electronic
development stages (Nascimenéd al, 2011). temperature and humidity controlléFhe hygienic
Furthermore, it is believed that the temperature ranggentilation applied inside the environmental chambers was
currently established as optimal for the standard lines pérformed by means of axial exhaust, with automatic
birds may be outmoded due to the genetic and nutritiongdtivation, to allow four air changes per hour throughout
changes, as well as to their acclimation to the local weathfie experimental period, meaning a renewal every 15 min.
conditions (Medeiros, 2001). Six hundred male Cobb broilers were used, with uniform

In order to quantify the interaction of the thermaiveights and originating from the same hatchEng birds
variables in the comfort of the birds, one can make usewere randomly distributed in the five climatic chambers.
computational models, such as those known as intelligeB&ch climatic chamber had six commercial cages with
expert systems, which are able to perform tasks or solgémensions of 0.5 m wide x 1.0 m long x 0.5 m height, in
problems from a knowledge base. The most used anghich 20 one-day-old birds were initially housed.
tested are the logicdlzzy and artificial neural networks ~ The supply of water and food to the birds was
(Schiassetal, 2012). performedad libitumtwice a dayat 8:00 and 16:00 h, in

Expert systems based dnzzyset theory are order to keep the waterers and feeders always stocked.
alternatives for the management of uncertainties in thWaterers were the pressure-cup type throughout the initial
poultry environment. They have been applied to evaluapdase and manually filled at the same times as feeding.
animal welfare (Pandorfet al, 2007) and growth Two kinds of commercial feed were provided during the
performance of broiler chickens (Schiassial, 2015; breeding period, called: pre-starter feed (birds from 1 to 7
Ponciancet al,, 2012), production cost analysis (N&is days old) and starter feed (birds from 8 to 21 days of age).
al., 2010), monitoring systems for electricity transmissioihe light program adopted was continuous with 1 h of
networks (Almeida & Kagan, 2010), estrus detection idarkness and 23 h of light throughout the experimental
dairy cows (Ferreirat al, 2007), and workers in intensive period, with two fluorescent lamps, following the
systems (Schiasset al., 2012). standards normally used in commercial farms.

Faced with the versatility displayed by this Thus, considering the changing thermal requirements
computational mathematics tool, this study aimed tdue to the growth of the birds, five different ranges of
develop a decision support system baseduamyset thermal conditions were set up to be implemented in each
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Effect of thermal environment on performance of broiler chickens using fuzzy modeling 339

of the climate chambers during the first three weeks of For each variablduzzysets that characterized them
bird life: were assigned, in which a membership function was
» Treatment 274.21)3r ess defined as intense cald? created for eacliuzzyset. Seeking to quantify the

°C in the first week, 24 °C in the second week, and 21 spportance of temperature variation in the second week
in the third week: of life, input variables used were age of birds (S, days),

called age S1[1-8 days], S2 [7-15 days], and S3[14 to 21
éjfys], and the air temperatures®@), which was classified
nto T1[27 to 30 °C], T2 [27 to 33 °C], T3 [30 to 36 °C], and
T4 [33to 36 °C]. Thus, the intervals were determined for
* Treatment 3330.27)Comfort: 33 °C in the first week, each input variable, as can be seen ffaiie 1 and their
30 °C in the second week, and 27 °C in the third weekg|evance curves (Figure 1). The ranges accepted for input
* Treatment 3¢33-30)Sr ess defined as moderate heat variables (ST) are listed imMable 1 and those shown were
36 °C in the first week, 33 °C in the second week, and 3@presented in triangular shape for the air temperature
°C in the third week; and input variable and trapezoidal for age because of better

'Treatment35(36_33)8tress defined as intense heagg  epresenting input data classes, solutions found by

°C in the first week, 36 °C in the second week, and 33 &everal authors (Schiassial 2015; Poncianet al, 2012;
in the third week: Nasciment@t al, 2011; Pereirat al, 2008).

The relevance curves for the output variables (Figure
The air relative humidity values inside the climatic2) were developed based on research conducted €Ehon
chambers for all treatments was established at arouald, 2010; Liraet al, 2009; Medeiros, 2001) and books
60%, considered an appropriate value for poultrgbout the breed adopted in this study (Cobb, 2012), which
production, regardless of the age of the birds and ambigmmbvided information about the productive responses in
temperature, according to some studies (Tindco, 200dhe three initial weeks, four air temperature classes, totaling

* Treatment 3Q27.24)Sr ess defined as moderate cald
30 °Cin the first week, 27 °C in the second week, and
°C in the third week;

Medeiros, 2005). 12 rules, which include the conditions for the first three
For the control and monitoring of the thermaleeks of bird life.
environment within each climatic chambehe air To develop the design of the system, it was necessary

temperature values (J and relative humidity (RH) were to determine the outputs that the model will predict, which
automatically controlled through humidifiers, heaters, axialere defined as: feed intake (g), weight gain (g), and feed
air conditioners, and exhaust fans, as described abogenversion (g @). These parameters, which determine
The thermal environment data within each climate chamb#re productive performance of broiler chickens, were
were recorded daily every 5 min by means of sensotshalyzed for 21 days, and to develop the model, the
recorders (@stc@, Mod. 608-H1 and resolution £ 0.1 °C). accumulated values were used during this period.
Productive variables (average feed intake - FI; mean The rules (@ble 2) were defined in linguistic
weight gain — WG; and the average feed conversion - F€gntences, based on data collected in the first phase of
were analyzed weekly and 10 birds were evaluated frotihis experiment and with the help of three specialists, and
each treatment each week. In this case, each bird wategrate a substantial feature in the performance of a
considered one trialo determine th&VG, a digital scale fuzzyinference system that will perform well only when
was used. The WG was obtained by the differenabe rules are consistent (Schiassal, 2015). Thus, for
between the initial and final weights (day-old birds}he development dfuzzylogic, it is necessary that the
divided by the age of the birds. Feed conversion, at tipeofessional be qualified to avoid possible contradictions
end of each batch, was obtained by the ratio between fhethe interactions between the ruldgcording to the
total weight of feed consumed (kg) by total weight of liveombination of duration and temperature of thermal stress,

broilers at the end of slaughter age (kg). 12 rules are defined and for each rule, a weighting factor
of 1 was assigned, as adopted by Ponceirad (2012)
Fuzzy Model Development andYanagi Junioet al (2012).

b) In the second stage, the data of the thermal For output variables, the relevance curves were
environment collected in the climate chambers was usebaracterized as triangular (Figure 2), for reproducing
to develop th€fuzzymodel to predict the productive better responses with the smaller standard deviation
responses of the birds (MG, and FC). values, and thus, are used by several authors (Peteira

For this, the data from each treatment was tabulatetl, 2008; Poncianet al, 2012).
and used to determine the accumulated values of FI (g), To accomplish alfuzzyreasoning, the Mamdani
WG (g), and FC (g -'&),Whichwere used also in validationinference method was applied, which provides the
of thefuzzymodel proposed. responses of a set according to the combinations of input
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values with their relative degrees of relevance througreavironment antlizzymodeling helped in assembling the

minimum operatgrand then by the definitions of the rulesrules.

by the maximum operatdrhe method of center of gravity

(centroid or center area) was used in defuzzification, BESULTSAND DISCUSSION

which all output alternatives are admitted, converting the The first two weeks of bird life are the most critical

sets into numerical values (Leétal, 2010). because mistakes made at this stage cannot be corrected
In this work, we used the methodology proposed bgatisfactorily in the future, thus affecting the final

Cornelisseret al (2002), for selecting the specialist agperformance of the birds (Corderbal, 2010). For this

used byyanagi Junioet al. (2012).Thus, three experts reason, the thermal environment must adapt to the ideal

having experience of more than ten years in animabnditions of welfare for younger birds.

Table 1 Fuzzy sets for the input variables

Age (days) Air temperature (°C)
S1 S2 S3 T1 T2 T3 T4
[1;8] [7;15] [14;21] [27;30] [27;33] [30;36] [33;36]
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Figure 1: Relevance curves of input variables (age and air temperature) for fuzzy logic.
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Figure 22 Membership functions for the output variables feed intake, weight gain, and feed conversion.
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According to Oliveiraet al (2006), the ideal temperaturereduction of Fl because the birds try to decrease internal
range for broilers is, in the first weeks of life, between 32-3deat production due to intake of energy from the feed.
°C, reducing gradually to reach 27 °C in the final phase dhe results of this work are similar to those found by
the experiment, at 21 days of age. Overall, as can be s€diveiraet al (2006), working with 1-21-day-old broilers,
from Table 3, the best resulis/G and, FC were observed observed a 14% reduction in Fl in birds kept in high-
during the first two weeks of life in conditions of 30-33 °Ctemperature environments.

In the third week of life, the maximum WG and the best FC ~ Silvaet al (2009), evaluating the performance of 1-21-
were achieved in the conditions of approximately 27 °C. day-old broilers raised at different temperatures,

According to Boiaget al (2013), one of the effects of concluded that the high temperature in stage 1-7 days old
heat stress on the birds leads to substantial losses isitt@eased FC, which presented the best values in control

Table 2 System ofuzzy inference rules for age and temperature

Rule

If (Age is D1) and (temperature is T1), then (WG is 7) and (FI 1) and (FC is 16)
If (Age is D1) and (temperature is T2), then (WG is 8) and (FI 1) and (FC is 16)
If (Age is D1) and (temperature is T3), then (WG is 8) and (FI 1) and (FC is 16)
If (Age is D1) and (temperature is T4), then (WG is 7) and (FI 1) and (FC is 16)
If (Age is D2) and (temperature is T1), then (WG is 13) and (FI 3) and (FC is 17)
If (Age is D2) and (temperature is T2), then (WG is 12) and (FI 3) and (FC is 18)
If (Age is D2) and (temperature is T3), then (WG is 11) and (FI 3) and (FC is 19)
If (Age is D2) and (temperature is T4), then (WG is 9) and (FI 2) and (FC is 19)
If (Age is D3) and (temperature is T1), then (WG is 15) and (FI 5) and (FC is 19)
10 If (Age is D3) and (temperature is T2), then (WG is 14) and (FI 6) and (FC is 20)
11 If (Age is D3) and (temperature is T3), then (WG is 12) and (FI 5) and (FC is 21)
12 If (Age is D3) and (temperature is T4), then (WG is 10) and (FI 5) and (FC is 22)

WG - weight gain; FI - feed intake; FC - feed conversion.
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Figure 3: Linear regressions of the productive variables observed and simulatedilgzgmeodel for 1-21-day-old broilers.
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and low temperatures. In the second week of life, the
thermal comfort temperature range recommended by t@e
same authors previously cited is between 28-32 °C and gh
the third week, between 26-28 °C. e

The average standard deviations of the variables Fg»,
WG and FC were 4.77 g,1.41 g, and 1.88,gespectively 3
corresponding to the percentage error measured of 1.@,
0.02, and 2.17% @ble 3).According to the linear £
regressions, with straight adjustment through the origiﬁ?
R?=0.998, 0.999, and 0.995 for AIG and FC, respectively E
(Figure 3). These results indicated good accuracy of tf@
fuzzymodel.

In research conducted by Ponciagtoal (2012) to
predict the productive performance of 1-21-day-olc%
broilers, using the mathematical model, average valu%s
of standard deviations were obtained of 4.77 g, 1.41 &
and 1.88 g @, respectivelyand percentage errors of 1.2,%
0.02, and 2.17%, thus demonstrating the efficiency of thg
fuzzymodel, proposed to simulate the productiv@U
responses. :

In Figure 3, linear regressions of the values obtain
experimentally and bfuzzymodeling were adjusted, in
which the coefficients of determinationjiRhown for FlI,
WG and FC were 0.998, 0.999, and 0.995, respectiiely S
evaluate the performance of adult broiler chickens as@&
function of temperature, relative humidiand air velocity E—E
Medeiroset al (2005) developed a mathematical model te
predict the FIWG, and FC and found values for§
determination coefficients of 0.91, 0.89, and O.72§
respectively 3

The surface shown in Figure 4 illustrates the®
interaction between temperature and duration of therm
stress considering the FC. The analysis can be made

eriment

gor broﬂ&ch
Fuzzy simulation
WG

d

10
Age ((l;,_‘,_\.)

Comparison of values for feed intake (Fl, g), weight gain (

Figure 4: Feed conversion (FC) simulated as a function of thermaé
stress temperature and duration of thermal stress for 1-21-d%/-
old broilers. <
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FC

Error (%)
Fl WG

FC

Standard deviation
WG

H
0.16
0.73
0.33
1.70

11.07
1.73

FC
0.95

Fl
132.0
132.0
132.0
132.0
390.0
390.0
390.0
279.0
652.0
699.0
652.0
652.0

FC
0.97
0.91

Experimental data
WG

Fl
132.2
131.0

Temperature (°C)

Age

1.75
4.73
2.47
4.04
2.50

1.72
2.35
4.01
1.12
0.27

0.18
0.79
0.36
1.79
3.86

0.01
0.03
0.02
0.03
0.02

1.66
2.40
4.04
1.08
0.66

134.0
148.0
148.0
134.0
346.0

136.3
144.6
142.3
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345.1

27

Week 1

0.95

30
33
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0.93

132.5
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0.99
1.2
1.3
14
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1.45

1.64

2.15

134.4
405.7

36

1.17

27
30
33

Week 2

0.00 0.62 0.21 0.00

0.47

1.3
1.41
1.41
1.41
1.64
2.04
2.47

311.0

310.3
283.3

392.4
388.5
281.6

0.71
0.71
2.76

0.12
0.40
0.86

0.38
0.94
4.25

0.01
0.01
0.03

0.24
0.55
2.87

1.04
1.87
20.48

283.0

194.0
467.0

194.8
471.1

36

681.0

27
30
33

Week 3

0.00
5.12

3.52 5.20 0.00 0.71 1.71
1.94 0.08 2.84 0.88

13.47

423.0
311.0

430.4

704.0
671.1

313.7

1.20
2.17

1.41 0.02 0.25 0.77
1.88 1.02 0.22

1.41

1.13
4.77

258.0

2.5
Mean

260.0

650.4

36
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respect to the days of thermal stress and temperatl!*pée MS, FiletiAMF & Silva FV (2010) Desenvolvimento e apli-
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