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ABSTRACT

Broiler chickens are classified as homoeothermic animals and require a production
environment within well-defined thermal comfort intervals. Therefore, the development
of algorithms (mathematical models) to control the environment that can be embedded in
microcontrollers becomes necessary. Hence, this work aimed to develop a fuzzy model
for predicting the productive performance of broiler chickens as a function of the thermal
environment during the various breeding phases. The Mamdani inference and
defuzzification methods were used, by means of the gravity center, to develop the fuzzy
model. Two hundred and forty-three rules with weighting factors of 1.0 each were
claborated. Three commercial warchouses (conventional system, wind tunnel with
negative pressure and dark house) were evaluated for testing of the model. We recorded
the thermal environment (dry bulb temperature - ta, and relative humidity - RH) and
productivity data (feed intake - FI, weight gain - WG, feed conversion - FC and
productive efficiency index - PEI) over six lots in each aviary. The resulting fuzzy model
was capable of forecasting FI, WG, FC, and PEI, with standard deviations and mean
percentage errors of 4.16 g and 5.05%, 146.53 g and 8.04%, 0.06 g ¢! and 4.96%, and
24.51 g and 12.29%, respectively.
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INTRODUCTION

The development of the Brazilian poultry industry
has been supported by the adoption of new methodologies
and technologies that seek the optimization of animal
production, allowing the improvement of sector
competitiveness, faced with the new demands of the
consumer market.

The production environment is one of the major
causes of losses in animal production on a commercial
scale. For animals to express their genetic potential, among
other requirements, it is necessary to provide adequate food
and an aseptic and thermally adjusted environment that
meets the needs of the chicken (Yanagi Junior et al., 2011;
Abreu et al., 2012; Almeida & Passini, 2013; Campos et al.,
2013b; Nascimento et al., 2014; Tindco et al., 2014).

Broiler chickens are classified as homoeothermic
animals, i.e., they are capable of maintaining their body
temperature within relatively narrow limits by means of
physiological and behavioral mechanisms. However, when
the thermal environment exceeds the limits of comfort, the
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energy used for meat production is spent in
thermoregulatory processes, leading to production losses
(Baracho et al., 2013; Boiago et al., 2013; Lara & Rostagno,
2013; Castro, 2014; Santos et al., 2014).

Therefore, maintaining the thermal environment
within ranges of comfort is paramount for the genetic
potential of the lineage to be achieved. This demands the
development of algorithms (mathematical models) of
environment control that can be embedded in
microcontrollers. Among the possible models to be
developed, those based on artificial intelligence,
specifically the fuzzy set theory, seem to be quite adequate
according to animal comfort studies (Gates et al., 2001;
Castro et al., 2012; Ponciano et al., 2012; Campos et al.,
2013a; Aborisade & Stephen, 2014; Ferraz et al., 2014;
Xiang-Jie, 2014; Julio et al., 2015; Mirzaee-Ghalehv et al.,
2015; Schiassi et al., 2015; Zare Mehrjerdi et al., 2015).

However, few fuzzy models have been developed or
validated based on data obtained under commercial
production conditions, and when this is the case, data often
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come from one single lot and breeding system. A fuzzy
mathematical model based on different commercial
production systems and on a significant number of broiler
lots raised in these systems can predict the performance of
the broiler chickens independently of the system being used.

With this in mind, this study aimed to develop a fuzzy
model to forecast the productive performance of broiler
chickens raised in different commercial production systems.

MATERIAL AND METHODS
Breakdown of productive systems

Three commercial aviaries (conventional, tunnel
with negative pressure and dark house) raising broilers were
evaluated for 12 months to develop and test the fiizzy model.
The aviaries are located in the municipality of Concordia,
Santa Catarina (SC), Brazil, whose regional climate is
classified as Cfa, i.e., a warm temperate climate with hot
summers, according to the Koppen classification (Peel et
al., 2007).

The conventional system (Figure 1) had 12 x 100 x
2.4 m dimensions (width, length, and ceiling), a two-piece
roof with 6 mm thick asbestos cement tiles, an East—-West
orientation, 0.45 m high side walls, yellow lining, and side
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curtains. The aviary had two lighting lines with sixteen 40
W tubular fluorescent lamps each for a total of 32 lamps.
Chick warming during the initial phases was made by a
drum with wood and gas lamp heaters. The aviary had cross
ventilation (positive pressure), with 10 fans and four lines
with 10 nebulizers each, longitudinally distributed, totaling
40 water emitters. The bed was made up of new shavings at
the beginning of the first batch.

The fans had a 0.5 HP power single-phase induction
engine and 240 to 280 m® min"' flow (3-blade fan). The
drive occurred in three stages: stage 1 (four fans); stage 2
(eight fans), and stage 3 (10 fans). Stage 1 was turned on at
27.0 °C air dry bulb temperature (ta), stage 2 was turned on
at 27.2 °C, and stage 3 was turned on at 27.5 °C. The high-
pressure nebulizers (180 kgf cm?) had a 6.5 L h'! flow rate,
and the three-phase pump engine system had a 7 HP power
output. The nebulizers were activated when the relative air
humidity (RH) was below 70%.

The adopted light program was as follows: from the
1%t to the 3™ day (24 hours of light), from the 4% to the 7%
day (22 h of light), from the 8" to the 215 day (20 h of light),
and from the 22" day until slaughter (16 h of light). Water
and food were supplied ad libitum, and the curtains were
handled in accordance with the climate conditions.

FIGURE 1. (A) Internal view, (B) external view, and (C) detail of fan in the conventional system aviary.

The negative pressure system aviary (Figure 2) had
12 x 100 x 2.4 m (width, length, and ceiling) dimensions, a
two-piece roof with French ceramic tiles, an East-West
orientation, 0.43 m high side walls, a yellow lining, and side
curtains. The aviary had two lighting lines with sixteen 25
W compact tubular fluorescent lamps each, giving a total of
32 lamps Chicken warming during the initial phases was
made by gas lamp heaters. The aviary had tunnel ventilation
(negative pressure) with eight exhaust fans and eight lines
with eight nebulizers distributed parallel to the width of the
aviary, totaling 64 water emitters. The bed was made up of
new shavings at the beginning of the first batch.

The exhaust fans had three blades with a diameter of
1.80 m, a single-phase induction engine with a power of 1

HP, and a flow between 441 and 564 m® min’!. The drive
occurred in four stages: stage | (two exhaust fans); stage 2
(four exhaust fans); stage 3 (six exhaust fans); and stage 4
(eight exhaust fans). Stage 1 corresponded to the minimum
ventilation condition, and was always on, stage 2 was turned
on at tay > 28 °C, stage 3 at ta, > 29 °C, and stage 4 at tqp >
30 °C. High pressure nebulizers (180 kgf cm™) witha 6.5 L
h!' flow rate and two HP two-phase pump engine system
were used. The nebulizers were turned on at tg, > 31 °C.

The adopted light program was as follows: from the
1t to the 2" day (24 h of light), from the 3™ to the 7" day
(23 h of light), from the 8" to the 35" day (14 h of light),
and from the 36" day until slaughter (22 h of light). Water
and food were supplied ad [libitum, and the curtains
remained closed.
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FIGURE 2. (A) Internal view, (B) external view, and (C) detail of exhaust fans in the negative Pressure system aviary.

The dark house system aviary (Figure 3) had
dimensions of 2 x 100 x 2.2 m (width, length, and ceiling),
a two-piece French ceramic tiles roof, an East—West
orientation, 0.45 m high side walls, and side curtains, black
on the inner face and silver on the outer face. The aviary had
two lighting lines with twenty 100 W compact tubular
fluorescent lamps each for a total of 40 lamps. Chicken
warming during the initial phases was achieved with a wood
furnace. The aviary had tunnel ventilation (negative
pressure) with eight exhaust fans and eight lines with eight
nebulizers distributed parallel to the width of the aviary for
a total of 64 water emitters, and a wet-brick evaporative
cooling system, with two boards with a length of 15 m, and
three lines with 18 nebulizers externally distributed on the
brick plate (totaling 54 water emitters). The bed was made
up of new shavings at the beginning of the first batch.

B

Three blade exhaust fans with a diameter of 1.80 m,
a three-phase induction engine with a power of 1 HP, and a
flow rate between 441 and 564 m* min"' were used. The
drive occurred in four stages: stage 1 (two exhaust fans);
stage 2 (four exhaust fans); stage 3 (six exhaust fans), and
stage 4 (eight exhaust fans). Stage 1 corresponded to
minimum ventilation (tg, < 22 °C), stages 2, 3, and 4 were
turned on at tg, 23 °C, 24 °C, and 25 °C, respectively. High
pressure nebulizers (180 kgf cm?) with 6.5 L h'! flow rate
and 7 HP three-phase pump engine system were used.
Evaporation plates and nebulizers were turned on at RH
below 70% and 65%, respectively.

The adopted light program was as follows: from the
1t to the 3™ day (24 h of light), from the 4™ to the 21% day
(10 h of light), from the 22" to the 35" day (8 h of light),
and from the 36" day until slaughter (22 h of light). Water
and food were provided at will (ad libitum), and the curtains
were always closed.

FIGURE 3. (A) Internal view, (B) external view, and (C) detail of exhaust fans in the dark house system aviary.

Animals and measurements

Six lots of Cobb lineage broilers were created in each
poultry. The stocking densities of the birds in conventional,
negative pressure, and dark house aviaries were 12.00 to
12.92 birds m?2, 12.83 to 14.00 birds m™?, and 14.50 to 15.58
birds m?, respectively. The thermal and the productive
responses of the chickens were the studied variables.

The thermal environment was studied through the
averages of variables, such as tg, (HOMIS 404A, + 0.5 °C
accuracy, and 0.1 °C resolution) and RH (HOMIS 404A, +
2.5% accuracy, and 0.1% resolution) collected every 6 h for
six consecutive batches at 12 uniformly distributed points
inside the structure and one external point at the birds’
heights (30 cm from the bed) (Figure 4). Besides tq, and RH,
the internal environment was also characterized by enthalpy
(H), which was calculated using [eq. (1)] (Albright, 1990)
and the average data collected at the 12 points.

H=1,006 x tab + W x (2501 + 1,805 x tab) 1)
Where,

H is the enthalpy (kJ kgary air'");

tap is the air dry bulb temperature (°C), and

W is the mixing ratio (Kgwater vapor KZary air 1)

The mixing ratio was calculated by [eq. (2)] as a
function of current water vapor pressure (ea, kPa) and the
local atmospheric pressure (Pam, kPa).

W=0622x () )

atm.
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FIGURE 4. Sketch of aviaries. A — conventional system, B - negative pressure system, and C — conventional system with a

sensor distribution scheme. (Unit: m).

We evaluated the following productive responses:
food intake (FI), mean weight gain (WG), mean feed
conversion (FC), and productive efficiency index (PEI).
The FI was calculated as a function of the amount of food
consumed during the considered period divided by the
period in days. WG was obtained by the difference
between chickens’ live weights at the end and at the
beginning of the life phase of each batch. Feed conversion
(FC) is the ratio between the amount of consumed food
and the weight gain corresponding to the considered
period of time, and the inverse ratio is called feed
efficiency. The productive efficiency index (PEI) is
calculated as a function of live weight, viability, age, and
feed conversion (FC) by [eq. (3)].

PEI = (ZVFZ) x 100 3)

Where,

W represents the birds’ live weights (kg);
V is viability (%);
A represents the birds’ ages in days, and

FC is the feed conversion (g g™!).

The viability (recorded as a percentage) is the
difference between the housed birds and those removed for
slaughter.

Development and validation of the fuzzy model

The Mamdani inference method (Mandani, 1976),
adopted by several authors (Ponciano et al., 2012; Lin et al.,
2013; Munera Bedoya et al., 2015; Schiassi et al., 2015), was
used for the development of the fizzzy model, and offers as a
response, a fuzzy set arising from the combination of input
values with their respective pertinence degrees through a
minimum operator followed by rules overlapping through a
maximum operator (Leite et al., 2010). The defined input
variables were the enthalpies (H) in the birds’ life phases
defined in Table 1 and represented by trapezoidal pertinence
curves (Figure 5), which were chosen to better reproduce the
data set (Schiassi et al., 2015).
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TABLE 1. Divisions of the birds’ life stages and their respective descriptions.

Stages Description
1 1% week of life (initial stage)
2 2" week of life (initial stage)
3 3" week of life (initial stage)
4 4™ and 5% weeks of life (growing stage)
5 6™ week of life on (final stage)
3 Cold Confort Heat 2 Cold Confort Heat
& o
) )
[ [
A
[} 0,5 I % 0,5 L
Q Q
= =
] ]
£ 0 . . ‘ . . £ 0 . : : : :
E 40 50 60 70 8 90 100 E 40 50 60 70 80 90 100
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& o
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= =
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3 Cold Confort Heat
]
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a
() 0,5 I
Q
=
(]
=
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Enthalpy in stage 5 (kJ kgary air’")
(e)

FIGURE 5. Pertinence functions for the input variables: (a) Enthalpy in phase 1, (b) Enthalpy in phase 2, (c) Enthalpy in
phase 3, (d) Enthalpy in phase 4, and (e) Enthalpy in phase 5.

The developed fuzzy model was the basis for
simulations that were performed by considering enthalpy

The data obtained in the commercial aviaries were
used for validating the developed fuzzy model. Both the

development and the simulations utilized the MATLAB’s
Fuzzy Toolbox® software, 7.13.0.564 (R2011b) version, in
which the entire modeling was designed. The evaluation of
the proposed models included a comparison of simulated
and observed productive responses by means of standard
deviation and percentage error.

values for each breeding stage that characterized stress
conditions due to cold, comfort, and heat stress.

The enthalpy comfort/discomfort limits (Table 2) for
each phase of the broilers’ lives were calculated through tq,
and RH limits obtained by several authors (Medeiros et al.,
2005; Cassuce et al., 2013; Candido et al., 2016).

TABLE 2. Lower and upper limits of the optimal temperatures and enthalpies for the broilers at each stage of life.

. Air temperature limits Relative humidit Enthalpy limits
Stage of life (It)db, °C) (RH, %) Y (H, kJ 15; dry air 1)
1 32-34 60-80 80-84.4
2 28-32 60-80 72-80
3 26-28 60-80 68.2-72
4 18-26 60-80 54.8-68.2
5 1824 60-80 54.8-64.6
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According to the combinations of birds’ life stages
and enthalpy (H) (Figure 5), 243 rules were defined, and for
each rule, a weighting factor of 1 was assigned, as all rules
have the same importance in determining the model
responses, as adopted by several authors (Yanagi Junior et
al.,, 2012; Ponciano et al., 2012; Schiassi et al., 2013;
Schiassi et al., 2014).

The rules were defined in the form of linguistic
sentences based on the data collected in the first phase of
this experiment and with the support of specialists. We used
the methodology proposed by Cornelissen et al. (2002) as
employed by Yanagi Junior et al. (2012) and Schiassi et al.

(2015) to choose the specialists. In this way, four experts,

FI1 FI2 FI3 FI4 FI5 Fl6
o |
(]
&n
S
80,5
5
g
50
&~ 90 95 100 105 110 115 120 125
Feed intake (g)
(a)
FC1 FC2 FC3 FC4 FC5 FC6
0 1
o
0,5
3
5
=
£ ) ‘
& 1,45 1,51,55 1,6 1,65 1,71,75 1,8 1,85 1,9

Feed conversion (g g”)

(c)

with over ten years of experience in animal ambience and
fuzzy modeling, helped to set up the rules.

Based on the input variables and using the
experimental data as a reference, the fuzzy models predicted
the output variables FI, WG, FC and PEI, which were also
characterized by trapezoidal pertinence curves (Figure 6).
The defuzzification was carried out using the gravity center
method (centroid or area center), which considers all output
alternatives, converting the fuzzy set originated by the
inference into numerical values (Leite et al., 2010).

The developed fuzzy model was the basis for
simulations that were performed by considering enthalpy
values for each breeding stage that characterized stress

conditions due to cold, comfort, and heat stress.

o 1
2
&
20,5
Q
5
8
5 0
~
Weight gain (g)
(b)
o 1
e
g
o 0,5
Q
8
g
5 0
~

Productive efficiency index (dimensionless)

(d)

FIGURE 6. Pertinence functions for the output variables: (a) food intake (FI), (b) weight gain (WQ), (c¢) feed conversion (FC),

and (d) productive efficiency index (PEI).

RESULTS AND DISCUSSION

The fiizzy model adjustment was performed based on the data collected in the experiment (Table 3), and the interval for

each pertinence function of each output variable was adopted to obtain the smallest possible error when the values were compared

to the experimentally determined data.
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TABLE 3. Experimentally observed input and output mean values.

Input Variables Output Variables
Systems of commercial Enthalpy in life stages
' production Batches (k}) ir(g dry air’ ) i FI WG (g) FC_I PEI
1 2 3 n 5 ) (gg)
1 7498  66.52 6791 66.79  65.18 132.01 3137 1.61 333
2 73.09 70.60 69.40 70.66  70.25 116.92 2807 1.47 387
Dark house 3 74.85 7257 7036 6898  65.08 108.72 2528 1.51 383
4 73.50 73.62 70.79 6896 68.16 111.54 2546 1.49 392
5 73.21  73.68 70.85 6898  67.02 124.54 3018 1.44 400
6 70.58 6795 67.73 6525 60.66 116.11 2820 1.45 406
1 72.74 6424 72.61 66.72  67.18 112.98 2422 1.90 268
2 7427 70.67 7029 7224  72.59 109.14 2417 1.75 300
Conventional 3 80.45 70.70 71.94 70.04 69.30 109.42 2469 1.70 214
4 69.64 7351 7124 7090  68.98 119.21 2985 1.55 347
5 73.87 7046 68.05 6931 @ 65.06 118.87 2818 1.70 314
6 7797 7326 74.67 7030  63.89 116.45 2815 1.58 352
1 73.15 6646 7395 6824 67.70 119.32 2730 1.65 328
2 73.24 7402 72,13 7330 71.85 100.59 2113 1.68 325
Negative Pressure 3 77.84 75779 71.24  70.04 68.84 121.40 3081 1.46 370
4 78.03 7588 71.73  70.20  69.10 114.72 2829 1.46 393
5 77.11 73.27 70.75 6939 6748 114.28 2888 1.45 383
6 7320 71.82  73.07 68.46  65.32 112.89 2827 1.44 404

Legend: FI — food intake, WG — weight gain, FC — feed conversion, and PEI - productive efficiency index.

Thus, the FI, WG, FC and PEI values simulated by
the fizzy model as a function of enthalpy in broilers’ life
stages were compared to the experimentally obtained data
(Table 4). It can be observed that the fuzzy model was able
to predict FI, WG, and FC in different commercial broiler
production systems. The mean standard deviations of 4.16
g, 146.53 g, and 0.06 g g'!, respectively, and mean percent
errors of 5.05, 8.04, and 4.96%, respectively, were obtained
for FI, WG, and FC.

Some authors using fuzzy modeling to predict the
productive performance of broilers from 1 to 21 days of age
obtained mean standard deviations and percentage errors for
FI, WG and FC as 4.31 g and 2.38%, 4.76 g and 2.94 %, and
0.02 g ¢! and 2.16%, respectively (Ponciano et al., 2012)
and 4.15 g and 2.12%, 3.10 g and 2.74%, and 0.03 g g'! and
1.94%, respectively (Schiassi et al., 2015).

The standard and percentage errors obtained in this

study were higher than those observed by Ponciano et al.

(2012) and Schiassi et al. (2015) because the studies were
carried out in acclimatized wind tunnels with control of
thermal conditions and management. Furthermore, the
experiment time was limited to the first three weeks of the
chickens’ lives. As the model in this study was developed
and validated with data from commercial production
systems with different technological levels, different
batches of animals, and covering the entire production cycle
of the chickens, the observed increase in the standard
deviations and percentage errors can be considered as
acceptable (Tavares & Schiassi, 2016).

Response surfaces adjusted by Medeiros (2001)
from laboratory experiments determining the FI, WG, and
FC of adult chickens as functions of ts,, RH, and air speed
had standard deviations and percentage error values of 2.36
g and 2.79% for FI, 2.02 g and 4.97% for WG, and 0.08 g
¢! and 5.67% for FC, respectively.
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TABLE 4. Comparison of experimentally obtained and predicted feed conversion (FC, g g'!), mean weight gain (WG, g), food
intake (FI, g) and productive efficiency index (PEI) values as functions of enthalpy and broilers’ life stage.

Systems of Experimental Data Fuzzy Simulation Standard Deviation Percentage Error (%)
commercial Batch
production FI WG FC PEI FI WG FC PEI FI WG FC PEI FI WG FC PEI
1 132.01 3137 1.61 333 114 2780 1.55 349 12.73 25244 0.05 1131 13.64 1138 3,97 480
2 116.92 2807 1.47 387 115 2790 1.52 370 136 12.02 0.04 12.02 1.64 0.61 3,68 4,39
3 108.72 2528 1.51 383 117 2840 1.50 394 5.85 220.62 0.01 7.78 7.61 1234 0,53 2,87
Dark house
4 111.54 2546 1.49 392 116 2810 1.50 393 3.15 186.68 0.01 0.71 4.00 1037 0,81 0,26
5 12454 3018 1.44 400 115 2800 1.50 393 6.74 15415 0.04 495 7.66 722 4,09 1,75
6 116.11 2820 1.45 406 114 2780 1.50 393 149 2828 0.04 9.19 1.82 142 3,81 3,20
1 112.98 2422 190 268 110 2680 1.58 340 2.11 18243 0.22 5091 2.64 10.65 16,71 26,87
2 109.14 2417 1.75 300 110 2690 1.63 335 0.61 193.04 0.08 2475 0.79 1129 6,59 11,67
3 109.42 2469 1.70 214 122 3070 1.44 408 890 42497 0.18 137.18 11.50 24.34 15,14 90,65
Conventional
4 119.21 2985 1.55 347 113 2760 1.52 370 439 159.10 0.02 1626 521 7.54 2,19 6,63
5 118.87 2818 1.70 314 116 2820 1.50 394 2.03 1.4l 0.14 5657 241 0.07 11,56 25,48
6 11645 2815 1.58 352 121 3010 1.47 402 3.21 13789 0.07 3536 390 693 6,73 14,20
1 119.32 2730 1.65 328 113 2750 1.55 349 447 1414 0.07 1485 530 0.73 6,29 6,40
2 100.59 2113 1.68 325 108 2650 1.67 325 5.24 379.72 0.01 0.00 736 2541 0,83 0,00
Negative 3 121.40 3081 1.46 370 122 3070 1.44 408 043 7.78 0.02 2687 050 036 1,57 10,27
Pressure 4 11472 2829 1.46 393 122 3030 1.46 404 5.15 142.13 0.00 7.78 634 7.10 0,21 2,80
5 11428 2888 1.45 383 122 3060 1.45 407 5.46 121.62 0.00 1697 6.75 596 0,07 6,27
6 112.89 2827 1.44 404 115 2800 1.50 393 1.49 19.09 0.05 7.78 187 096 446 2,72
Mean 4.16 146.53 0.06 2451 5.05 8.04 496 12.29

By analyzing the FC and PEI values of the broilers
as a function of the batches and the different evaluated
commercial production systems, a large variation in the
experimentally measured data was observed (Table 4). The
results of the developed fuzzy model were adapted to these
variations, with the exception of batches 1, 3, and 5 of the
conventional commercial production system, which
obtained percentage errors above 10%, as the conventional
production system has a low control of the internal
environment and all handling operations are carried out
manually, thus enabling a high variation in animals’
productive responses.

According to the Broiler Performance and Nutrition
Supplement (Cobb-Vantress, 2015), the cumulative feed
conversion for male broilers at 42 days of life is around
1.667 g g’!. In this study, the mean feed conversion value
found for each evaluated system was 1.49 g g”! for the dark
house system, 1.68 g g'! for the conventional system, and

1.52 g g! for the negative pressure system.

The productive performance of broilers raised in the
dark house and negative pressure systems are close to the
values expected for the lineage (Cobb-Vantress, 2015), and
for the conventional system, they are slightly higher (1.68).
Among the systems, the most efficient system, regarding
feed conversion, was the dark house, followed by the
negative pressure system, and finally, the conventional
system, a result that reflects the different system control
levels.

Simulations with the fuzzy system (Table 5) indicate that,
independently of the breeding stage, the thermal stress
conditions cause a reduction in broilers productive
performance. In the initial breeding phase, it is observed that
chickens are more sensitive to cold stress than to heat,
results that corroborate the work done by Abreu et al.
(2015). In turn, in the termination phase, the converse is

observed.
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TABLE 5. Evaluating the different enthalpy levels in different stages of animals’ life predicted with the fuzzy model.

Input variables

Output variables

Enthalpy (kJ Kg ary air’?) in breeding stages

Productive performance

1 2 3 4

—_
o - WV T N UV S

e e e
~N O L bW

5

Fl(gg") WG (g) FC (g) PEI
123 3080 1.43 409
121 2970 1.48 400
117 2850 1.50 395
114 2770 1.50 393
114 2770 1.50 393
114 2770 1.50 393
114 2770 1.50 393
114 2770 1.50 393
114 2770 1.50 393
114 2790 1.50 393
114 2790 1.50 393
105 2430 1.63 332
117 2830 1.52 368
105 2600 1.71 311
99.2 2320 1.77 269
105 2670 1.59 337
105 2430 1.63 332

Key: Green background: mean thermal comfort value; red background: mean heat stress value; and blue background: mean cold stress value.

CONCLUSIONS

The proposed fuzzy model allows for the efficient
estimation of the average daily food intake, weight gain,
feed conversion, and productive efficiency index of broilers
raised in different commercial production systems existing
in the sector.
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