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ABSTRACT

Physiological parameters such as respiratory frequency and rectal temperature stand out as
indicators for heat stress in pigs, however, requiring time and labor for measurements.
The possibility of using infrared thermography associated with prediction systems of these
physiological variables can help in decision making, allowing greater welfare and
productivity of the animals. With this objective, an experiment was carried out with
growing pigs submitted to acute and chronic heat stress, working with a thermoneutrality
temperature (22° C) and heat stress (34° C). The results were used for the development of
a fuzzy model using as input variables: air dry bulb temperature (°C), average surface
temperature (°C) and, as output variables: respiratory frequency (movements/minute) and
rectal temperature (°C). The method of inference used was the one of Mamdani having
been elaborated six rules and the defuzzification technique used was the one of the Center
of Gravity. In the obtained results on simulation model when compared with experimental
data was evidenced satisfactory efficiency in respiratory frequency determination and the
rectal temperature, in which the R? values calculated were respectively 0.997 and 0.951
for acute stress and 0.993 and 0.964 for chronic heat stress.

INTRODUCTION

In the current competitive scenario, building and
managing knowledge to support experts in process control,
in general can be useful for a production unit whether
industrial or agricultural, especially when it comes to
processes that occur under uncertainties and with
incomplete data.

The physical environment, because it encompasses
the meteorological elements that affect the mechanisms of
energy transfer, regulation and thermal balance between
the animal and the environment, exerts a strong influence
on the performance and health of the animals (Pandorfi et
al., 2012). Heat stress is one of the constraints on Brazilian
production, so the animals’ adaptability to constant
temperature changes must be the object of observations
and adaptations by producers (Sommerfelt & Rempel,
2015).

Precision animal husbandry is related to optimized
loss reduction, throughout the process managed through
modern information technologies to collect process and
make decisions (Naas, 2011). Thus, it is called “Precision
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Poultry” part of the swine industry, which employs the use
of information technology, sensors and actuators to record
information related to the production system and the
interference of environmental variables in production
units.

Precision pig farming aims to reduce or avoid
localized losses which provide better control over the use
of the resources involved in the production chain. The
technologies provide simple and efficient solutions to
major problems related to the environment, equipment
management and control of livestock in the industrial pig
production (Pandorfi et al., 2012).

A well-developed system can respond to situations
of adversity in an intelligent way with the incorporation of
computational tools with the use of neural networks and
fuzzy logic. The feasibility of using RNA to predict animal
husbandry technical indexes based on the variables, air
temperature and respiratory frequency in swine breeding
stock showed good performance in this type of problem
and allowed the representation on thermal comfort
condition and animal welfare (Pandorfi et al., 2011, Goel
etal., 2013).
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Fuzzy logic is a technique that can solve complex
modeling problems with qualitative aspects subject to
relevant probabilistic variations, or described by different
and incomplete databases. The fuzzy logic use is especially
suited to biological problems, since these have the
following characteristics: the process is defined in a vague,
imprecise, uncertain way; there are situations of difficult
estimation or evaluation on the parameters that define the
process; the system is nonlinear and time variant; there are
situations in which it is difficult to record the value of the
variables; the measures may be unreliable (Vasconcelos de
Oliveira, 2014).

Based on this principle, the introduction of the
knowledge on fuzzy sets theory in animal production area,
mainly relating to the built environment systems and the
rural constructions themselves, is innovative and current.
The built environment constitutes the urban form as a
humanized space being analyzed from the urban
morphology and the built typology while the rural
constructions is a part of the rural engineering of great
importance in any type of planning to foment agricultural
activities as well in animal breeding as in agriculture, in
general. Its field of activity is very broad aiming at
increasing productivity through rationalization production
methods, such as animal facilities, storage and production
processing, use of by-products, industrialization and
market, as the main examples. It should be considered that
this tool can greatly help decision-making in automation
projects in air-conditioned environments, considering a
series of input variables that can efficiently reflect the
user’s responses, in animal case (Scattone, 2014). The use
of fuzzy set theory allowed us to infer environmental data
from the gestation sector, with 24 gilts matrices, 12 female
housed in individual feedlots and 12 in collective feedlots
with those established in the literature, through a rule base
for the determination of environmental thermal comfort
applied to matrices in the gestation phase (Pandorfi et al.,
2007).

The information obtained from production systems
is usually interpreted in linguistic terms. Performance
indices, the quality of the final product, the breeding
environment and, currently, animal welfare are
qualitatively evaluated parameters and classified by
linguistic variables. In this way, the application of fuzzy
sets theory has been occurring in the ambience and animal
production areas, by Brazilian researchers (Yanagi Junior
et al.,, 2011; Yanagi Junior et al., 2012; Schiassi et al.,
2014) whom prove the effectiveness on this tool use in
their studies of ambience and animal welfare.

In view of the presented versatility by this
computational mathematical tool, the present study had the
objective of developing a fuzzy model for predicting the
rectal temperature of pigs submitted to acute and chronic
heat stress.
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MATERIAL AND METHODS

The use of animals on the experiment was approved
by the CEUA (Ethics Committee for the Use of Animals)
of Federal University of Lavras (UFLA) with protocol
number 059/14.

Twenty-four castrated male pigs were used from
commercial hybrid lineage of high genetic potential with
initial average weight of 30.5 + 0.6 kg and average age of
77 £ 2 days. The animals were housed in two climatic
chambers with temperature control, relative humidity and
ventilation. The temperature control and the air relative
humidity inside were carried out by means of two sensors
that were connected to a panel located in the antechambers
that was operated to maintain constant temperature and
humidity. Each chamber had six experimental feedlots
with concrete floor, useful area of 2.3 x 1.5 m, equipped
with semi-automatic feeder and water taps, pacifier type
with height adjustment.

In each chamber were housed 12 pigs (two animals
per feedlots), being the feedlot an experimental unit (n=6).
The animals were distributed in a randomized complete
block design, constituting two treatments: (Treatment 1 -
thermoneutrality at 22°C, n=6) and (Treatment 2 - heat
stress at 34°C, n=6). The established temperatures were
based by Renaudeau et al. (2011) which determined the
temperature at 24° C as the critical point temperature in
pigs’ growth and finishing phases, considering the
thermoneutral zone proposed by Perdomo (1994), for pigs
at this stage between 18 and 23°C. Temperatures at 22 and
34°C were also evaluated by Manno et al. (2006) and
Batista et al. (2011), respectively. The experiment had two
experimental periods, with the purpose of characterizing
two types of stress: acute stress (short period of time) and
chronic stress (long period of time) by heat. The
experimental period of acute heat stress lasted 48 hours,
and chronic stress lasted 71 days. The initial weight was
used as criterion for the formation of blocks.

The environmental conditions of the climatic
chambers were monitored during the whole experimental
period by a digital thermohygrometer (Model
7666.02.0.00, Manufacturer: Cotronic Technology Ltd -
Incoterm, China, with an accuracy of + 1°C and + 5%
RH), with internal sensor and external sensor connected to
the black globe. Four (two in each chamber) equipment
were kept at different points of the experimental units at
half height of the animals’ body.

The animals received a diet formulated with corn
and soybean meal, supplemented with vitamins and
minerals (Table 1) to meet the minimum requirements
suggested by the Brazilian Tables of nutritional
requirements for pigs (Rostagno et al., 2011).
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TABLE 1. Centesimal and chemical composition of the experimental formula feed.

| dient Phases

ngredients Growth 1 Growth 2 Growth 1
Corn 71.8040 75.1750 81.3134
Soybean bran 22.6225 19.0000 11.8411
Wheat bran 1.5000 2.0000 2.5000
Soybean oil 0.7500 0.6800 0.3875
Calcium phosphate 1.1270 0.8100 0.7427
Limestone 0.7106 0.9613 0.5724
Salt 0.3880 0.3617 0.3300
Mineral Supplement * 0.2500 0.2500 0.1500
Vitamin Supplement 2 0.3000 0.3000 0.3000
DL- Methionine 99 0.0756 0.0467 0.2268
L- Lysine 50.7 0.4005 0.3661 1.2012
L- Threonine 98.5 0.0646 0.0429 0.3316
L- Tryptophan 0.0072 0.0063 0.1033
Total 100.000 100.000 100.000
ELB® 158 144 96

Calculated composition

Crude protein (%) 16.820 15.430 13.830
EM (kcal/kg) 3230.000 3230.000 3230.000
Digestive Lysine. (%) 0.927 0.823 0.763
M + digCis. (%) 0.547 0.486 0.458
Digestive Threonine (%) 0.603 0.535 0.511
Digestive Tryptophan. (%) 0.167 0.148 0.137
phosphorus disp. (%) 0.311 0.250 0.231
Sodium (%) 0.180 0.170 0.166
Chlorine (%) 0.286 0.270 0.251
Potassium (%) 0.626 0.573 0.371
Calcium (%) 0.630 0.641 0.474

1 Composition per kg of product: calcium, 98,800 mg; cobalt, 185 mg; copper, 15.750 mg; iron, 26.250 mg; iodine, 1,470 mg; manganese, 41,850 mg; zinc, 77,999 mg

2 Composition, per kg of product: folic acid, 116.55 mg; pantothenic acid, 2,333.5 mg; biotin, 5.28 mg; niacin, 5,600 mg; pyridoxine, 175 mg; riboflavin, 933.3 mg; thiamine, 175
mg; Vit. A, 1,225,000 I.U.; Vit. D3, 315,000 1.U.; Vit. E, 1,400 mg; Vit. KS’ 700 mg; Vit. BlZ’ 6,825 mg; selenium, 105 mg; antioxidant: 1,500 mg.

3 Electrolytic balance (Mogin number).

4 Calculated composition based on the requirements of castrated male pigs of high genetic potential with average performance, suggested by the Brazilian Tables published by

Rostagno, et al. (2011) p.196.

The recommendations for castrated males were
considered with high genetic potential with average weight
of 30 to 50, 50 to 70 and 70 to 100 kg. The animals
received water and formula feed at will during the
experimental periods.

Thermographic images of the housed animals in the
two chambers were used to evaluate their average surface
temperature (AST). In the acute stress study, the images,
together with the respiratory frequency (RF), and rectal
temperature (RT) of the pigs were collected at the
beginning of the experiment and every four hours. In the
study of the chronic stress, after the research on acute
stress, the same variables were collected every seven days
until the end of the experimental period. To collect RF
data, we performed the counts of each animal’s flank
movements for 15 seconds, and the result multiplied by
four to obtain the movements per minute (mov/min).
Subsequently, AST and RT were measured. AST was
collected using a Fluke Ti55 thermal imager with an
accuracy of + 2°C. From the thermographic images of the
animals, the body surface of one animal per experimental

unit was delineated to determine the average surface
temperature values. We measured the RT using a digital
clinical thermometer with an accuracy of + 0.2°C. The
data collection was performed only by, and the same
person in each chamber, in silence and in the same
sequence, minimizing the interference of the collector’
presence in the results.

After the experimental collection, we tabulated the
data of air temperature, RF, AST and RT for each
treatment which we used for the validation of the proposed
mathematical model.

The sets were elaborated to characterize each
variable, determining a function of pertinence for each set.
In order to quantify the importance of the stress duration
by heat in this research, they assigned as input variables
average air temperature (°C) and average surface
temperature (° C) in acute and chronic heat stress. Thus,
we determined the intervals for each input variable for
each stress, according to Table 2 for acute and chronic
stress, by heat and their respective pertinence curves
(Figure 1).
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TABLE 2. Sets for the input variables of acute and chronic stress by heat.

Air temperature (°C) Average surface temperature (°C)
Acute stress
T1 T2 SAl SA2 SA3
22 34 [31.7;34.5] [34.6;37.4] [37.5;40.3]
Chronic stress
Tl T2 SC1 SC2 SC3
22 34 [30.5;33.9] [34.0;37.4] [37.5;40.9]
T1 T2
1
0
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a
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FIGURE 1. Relevance functions for the input variables of acute and chronic stress by heat: a) Air temperature (°C),
b) Acute surface average temperature, ¢) Chronic surface average temperature.

In selecting the best format of the curves for the the pertinence curves of the exit variables (Respiratory
frequency and Rectal temperature) were characterized as

triangular (Figures 2 and 3), because they reproduce better
the data set and for resulting smaller values of standard

pertinence functions, preliminary tests were performed in
which we verified that the trapezoidal curves would

represent satisfactorily the input and output data, as they deviation in the preliminary performed tests, therefore
result in smaller values of standard deviation. used by several authors (Santos et al., 2009, Ponciano et
For each type of stress (acute and chronic) by heat, al., 2012).
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FIGURE 2. Relevance functions for output variables of acute and chronic stress by heat: a) Respiratory frequency of acute heat
stress (mov/min), b) Respiratory frequency of chronic stress by heat (mov/min).
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FIGURE 3. Relevance functions for the output variables of acute and chronic stress by heat: a) Rectal temperature of acute
stress by heat (°C), b) Rectal temperature of chronic stress by heat (°C).

In order to carry out all the fuzzy logic, the
Mamdani inference method was applied which provides
the answers of a set according to the combinations of the
input values with their relative degrees of pertinence by
means of a minimal operator, and then by the rules
definitions through the maximum operator (Leite et al.,
2010). We used the Center of Gravity (Centroid or Area
Center) method in the defuzzification, where it admits all
the exit alternatives, converting the sets into numeric
values (Leite et al., 2010).

The rules were defined by means of linguistic
sentences based on data collected from acute and chronic
stress by heat (Table 3) and integrated in a substantial
characteristic on the temperature of a fuzzy inference
system which will have a certain rectal temperature
according to predetermined rules. Thus, for the
development of fuzzy logic it is necessary that the
professional is qualified to avoid possibilities of
contradictions in the interactions between the rules (Cherri
etal., 2011).
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TABLE 3. System of fuzzy inference rules of acute and chronic stress by heat for air temperature (AT) and Average surface
temperature (AST).

Rules
Acute stress
If (Air temperature is T2) and (Average surface temperature is SA1) then (ART is 4) and (ARF is 5)
If (Air temperature is T2) and (Average surface temperature is SA2) then (ART is 4) and (ARF is 4)
If (Air temperature is T2) and (Average surface temperature is SA3) then (ART is 4) and (ARF is 4)
If (Air temperature is T1) and (Average surface temperature is SAL) then (ART is 1) and (ARF is 1)
If (Air temperature is T1) and (Average surface temperature is SA2) then (ART is 2) and (ARF is 2)
If (Air temperature is T1) and (Average surface temperature is SA3) then (ART is 3) and (ARF is 3)
Chronic stress
If (Air temperature is T2) and (Average surface temperature is SC1) then (CRT is 4) and (CRF is 4)
If (Air temperature is T2) and (Average surface temperature is SC2) then (CRT is 4) and (CRF is 3)
If (Air temperature is T2) and (Average surface temperature is SC3) then (CRT is 4) and (CRF is 5)
If (Air temperature is T1) and (Average surface temperature is SC1) then (CRT is 3) and (CRF is 2)
If (Air temperature is T1) and (Average surface temperature is SC2) then (CRT is 2) and (CRF is 1)
If (Air temperature is T1) and (Average surface temperature is SC3) then (CRT is 1) and (CRF is 2)

o Ol WN -

o Ok WN B

According to the combinations of air temperature, RESULTS AND DISCUSSION

respiratory frequency and average surface temperature, six

rules were defined for each type of heat stress (acute and
chronic) and, for each rule was assigned a weighting factor
of one (1), because all the rules have the same importance
in determining the model responses as adopted by several
authors (‘Yanagi Junior et al., 2012, Schiassi et al., 2014).
In addition, performed tests assigning other weights to the
rules did not result in reduction of the simulation errors.

The simulations were used with the help of Fuzzy
Toolbox® from Matlab®, software version 7,13,0,564
(R2011b) where all the modeling was elaborated. In the
evaluation of the proposed model, we simulated the
physiological response of the pigs, as well as compared to
the acquired experimentally data through the standard
deviation and percentage error.

These tests aim to assess the ability of how
modeling can predict RT value by addressing all likely
combinations of initial variables. Thus, pigs RT in the
growth and finishing phases, provided as response of the
system can be used as a tool for decision making on the
control of the productive environment in cases of acute and
chronic stress by heat.

TABLE 4. Comparison on respiratory frequency (mov/min) and rectal temperature (°C) for acutely stressed pigs, experimentally

and simulated by the model.

The heat promoted an increase in RT above the
range considered normal for pigs (38.6 to 39.3°C)
(Oliveira et al., 2015, Sobrinho et al., 2013), with an
increase of 0.6° C in acute stress (Table 4) and 0.2° C in
chronic stress (Table 5), above the range. According to
Brétas et al. (2011) any higher elevation at room
temperature above that considered as thermal comfort can
cause an increase in the body temperature of these animals.
The difference found for RT of the animals submitted to
acute stress by heat compared to the animals in thermal
comfort may indicate that the mechanisms responsible for
reducing heat production and increasing heat dissipation
did not have sufficient time to prevent an increase body
temperature. However, this change in RT can also be
considered as a part of the swine mechanism to maintain
gradient temperature between the nucleus and the surface
temperature (Renaudeau et al., 2008).

Air temperature Surface temperature Experimental . FUZZY Star_wdgrd Error
(°C) (°C) data simulation deviation (%)
RF RT RF RT RF RT RF RT
T2 SAl 1349 398 133 40 1.34 014 143050
T2 SA2 120.3 39.8 115 40 3.75 0.14 4.610.50
T2 SA3 120.2  40.2 115 40 3.68 0.14 452 0.50
Average stress by heat 1252 399 121 40 292 0.14 3.52 0.50
T1 SAl 37.1 38.2 37 384 007 0,14 0.27 052
T1 SA2 43.4 38.9 44 389 042 0.00 1.36 0.00
T1 SA3 59.0 394 633 394 304 0.00 6.79 0.00
Average thermal comfort 46.5 388 48.1 389 118 0.05 2.81 0.17
Average 205 0.09 3.16 0.34
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TABLE 5. Comparison of respiratory frequency (mov/min) and rectal temperature (°C) for pigs submitted to chronic stress,

experimentally and simulated by the model.

464

Air ter(rl[():e)ratu re terﬁl[;(:frzcti re Expeé’;rtr;ental Fuzzy simulation 32?/?;?;2 Error (%)
(°C) RF RT RF RT RF RT RF RT

T2 SC1 83.3 395 83.2 39.4 0.07 007 0.12 0.25
T2 SC2 778 394 74.1 394 262 000 499 0.00
T2 SC3 98.0 395 97.8 39.4 0.14 007 0.20 0.25
Average heat stress 86.4 39.5 85.0 39.4 0.94 0.05 1.77 0.17
T1 SC1 433 392 45.1 39.2 1.27 0.00 3.99 0.00
T1 SC2 39.8 389 39 39 0.57 007 205 0.26
T1 SC3 422  38.8 45.1 38.8 205 0.00 6.43 0.00
Average thermal comfort 418 39.0 43.1 39.0 1.30 0.02 4.16 0.09
Average 1.12 0.04 297 0.13

The RF also presented an increase in acute and
chronic stress by heat, presenting values of the order of
125.2 and 86.4 mov/min, respectively, showing above the
normal condition for animals of this category (Pandorfi et
al., 2007). The respiratory frequency may increase as a
function of thermal stress, according to Sobrinho et al.
(2013). When the respiratory frequency is high it is
assumed that the air temperature is close to body
temperature, heat is stored in the body and the value of
body temperature increases above normal values, this
response is due to direct stimulation on the heat center in
the hypothalamus which sends impulse to the
cardiorespiratory system in an attempt to eliminate heat by
evaporation through respiration which, in this case,
presents an outstanding increase (Pandorfi et al., 2007).

Over time, after the physiological responses on heat
dissipation the RT begins to decrease over the days
(chronic stress). As the rectal temperature of the animals
did not show a sudden change after 71 days it can be
inferred that the increase in respiratory frequency (the
main mechanism of heat dissipation in pigs) was an
efficient physiological adjustment for the maintenance of
thermoregulation. The pigs when subjected to the high
temperature situation have metabolic mechanisms that act
in the maintenance of homoeothermic (Baptista et al.,
2011).

However, there is evidence of a two-phase heat
acclimatization pattern. In the first period, the pig went
through an adaptation phase characterized by rapid

changes, including changes in feed intake and respiratory
and cardiac frequencies (Huynh et al., 2005). The second
period is characterized by an increase in rectal temperature
in the first 24 hours of exposure, with gradual decrease in
later days (Renaudeau et al., 2007). From this period, heat
dissipation through respiration becomes more efficient
associated with consumption and metabolism reduction.

The mean value of the standard deviation for acute
and chronic stress by heat was 2.92 for RF and 0.14 for
RT, and 1.18 for RF and 0.05 for RT, respectively, and the
respective percentage errors were 3.52% for RF and 0.50%
for RT in acute stress and 2.81% for RF and 0.17% for RT
in chronic stress (Tables 4 and 5), values considered low
and ideal, demonstrating the efficiency of fuzzy model
proposed in simulating respiratory frequency and rectal
temperature.

In Figures 4 and 5, simple linear regressions of the
values were obtained experimentally and by fuzzy-shaped
in which the coefficients of determination (R?) presented
for RF from acute and chronic stress by heat were 0.997
and 0.993, respectively, for RT were 0.951 and 0.964,
respectively. In order to evaluate the acoustic environment
in pork nursery as a function of temperature and relative
humidity, Silva et al. (2007) developed a mathematical
model to predict noise levels and found a determination
coefficient of 0.075, lower than that obtained in this study.
These results prove the efficiency of fuzzy model when
compared to statistical models.
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FIGURE 4. Linear regressions of experimentally and simulated respiratory frequency responses: a) acute stress by heat and b)
chronic stress by heat in growing pigs.
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FIGURE 5. Linear regressions on rectal temperature responses measured experimentally and simulated: a) acute stress by heat
and b) chronic stress by heat in growing pigs.

The response surface in Figure 6 illustrates the interaction between air temperature and average surface temperature, as
a function of RT of swine subjected to acute stress by heat. The air temperature ranges between 20 and 24°C, indicate where
the RT increased to the point where it is considered normal. From 26°C, the RT increases considerably, and stay between 39.5
and 40°C, above the range considered normal for pigs (38.6 to 39.3°C) (Oliveira et al., 2015). The analysis can be done in
relation to the average surface temperature and adopted temperature.
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Rectal temperature (°C)

Surface temperature (°C) 34 33 352 31

36
34

50 1 24 Air temperature (°C)

FIGURE 6. Rectal temperature (RT) simulated as a function of air temperature and surface temperature on growing

pigs submitted to acute stress by heat.

It can be observed that when the AST is increased,
an increase in the rectal temperature was obtained,
similarly to the different ambient temperatures, that is, the
more outside the comfort range, the higher is the rectal
temperature (Brétas et al., 2011). The presented results in
Table 5 and Figure 5 demonstrate that the mechanisms of
heat dissipation were not sufficient to maintain
homoeothermic after 48 hours. Thus, it can be stated that,
in order to evaluate the body temperature on growing pigs
submitted to acute stress by heat, we should use the
interaction on thermal stress temperature together with the
animal average surface temperature.
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The surface presented in Figure 7 illustrates the
interaction between the thermal stress temperature and the
average surface temperature, as a function of the RF on
pigs submitted to acute stress by heat. In the ambient
temperature range between 20 and 23°C, temperatures that
are within the thermal comfort range (Miranda et al.,
2012), caused the respiratory frequency (RF) to vary
between 40 and 50 mov/min and the average surface
temperature remained below 36°C, surface temperature
considered normal in pigs (Huynh et al., 2005). From
26°C, the RF begins to increase, also increasing
significantly the AST, but the RF on pigs did not remain
above 110 mov / min, in the range of AST between 34 and
40° C.

3 34

2 24 Air temperature (° C)

FIGURE 7. Simulated respiratory frequency (RF) as a function of surface temperature and air temperature on

growing pigs submitted to acute stress by heat.
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The response surface in Figure 8 illustrates the
interaction between air temperature and the average
surface temperature as a function of RT on swine
undergoing chronic stress by heat. Different from acute
stress, the air temperature range indicating an increase in
RT to the point where it is considered normal was 20 to 30
°C, indicating a possible acclimatization to the heat. The
analysis can be done in relation to the average surface
temperature and the adopted temperature. It can be
observed that, when the AST increased, we obtained an
increase in the rectal temperature, the same happened with

Eectal temperature (°C)
Laa
e

Air temperature
20

the different ambient temperatures. Nunes et. al. (2011),
working with females of swine on concrete floor and wood
shavings bed, observed that in bed the air temperature
rises. These authors observed a decrease in the gradient
between the air temperature and the surface temperature
when the animals were kept in bed during the morning and
at noon, that is, in a warmer environment there is difficulty
in thermolysis by sensitive mechanisms. The mechanisms
that allow to increase the heat dissipation have been able to
fully compensate the excessive heat load which can
explain the result of the RT after 71 days of exposure.

i o 39 40
4 35 36 37 38 ¥

37 33
Surface temperature (°C)

FIGURE 8. Rectal temperature (RT) simulated as a function of air temperature and surface temperature on

growing pigs submitted to chronic stress by heat.

The surface presented in Figure 9 shows the interaction between the thermal stress temperature and the average surface
temperature, as a function of the RF on pigs submitted to chronic stress by heat. We obtained similar responses to acute stress
where in the ambient temperature range between 20 and 24 °C, the respiratory frequency (FR) varied between 40 and 50
mov/min. From 26 °C, RF starts to increase also considerably increasing the AST, but the RF on pigs did not stay above 90

mov / min, different from what was found in acute stress by heat.
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FIGURE 9. Simulated respiratory frequency (RF) as a function of surface temperature and air temperature on

growing pigs submitted to chronic stress by heat.

Engenharia Agricola, Jaboticabal, v.38, n.4, p.457-470, jul./ago. 2018



Estimation of respiratory frequency and rectal temperature on pigs in heat stress by fuzzy logic 469

The increase on RF confirms that, in situations of
stress by heat the pigs activate physiological mechanisms
to dissipate heat and maintain their homeothermy, the
same was verified by Renaudeau et al. (2008) where they
reported an increase in the respiratory frequency of the
animals under conditions of stress by heat, in animals
exposed to temperatures from 28 to 36 °C. With these
results, it is evident that heat dissipation through
evaporation represents practically all the heat dissipation
in high temperature situations and that the pigs, by having
the sweat glands not very active (Renaudeau et al., 2008),
depend mainly from evaporation through respiration to
lose latent heat.

As the animals’ rectal temperature did not vary
much among the treatments it can be inferred that the
increase on the respiratory frequency in the animals under
chronic stress by heat was an efficient physiological
adjustment for the maintenance of thermoregulation which
was not observed in the acute stress.

These results confirm that, under stress conditions
by heat, the pigs activate physiological mechanisms to
dissipate heat and maintain their homeothermy and that
pigs, under high temperature conditions do not react only
by maintaining the respiratory frequency, but also by the
increase in surface temperature.

CONCLUSIONS

Fuzzy modeling can be used to efficiently predict
the respiratory frequency and rectal temperature on
growing pigs submitted to acute and chronic stress by heat,
as a function of dry bulb temperatures and superficial
temperature of the animals.

REFERENCES

Baptista RIAA, Bertani GR, Barbosa CN (2011)
Indicadores do bem-estar em suinos. Ciéncia Rural
41(10):1823-1830. DOI: http://dx.doi.org/10.1590/S0103-
84782011005000133

Batista RM, Oliveira RFM, Donzele JL, Oliveira WP,
Lima AL, Abreu MLT (2011) Lisina digestivel para suinos
machos castrados de alta deposicdo de carne submetidos a
estresse por calor dos 30 aos 60 kg. Revista Brasileira de
Zootecnia 40(9):1925-1932. DOI:
http://dx.doi.org/10.1590/S1516-35982011000900012

Brétas AA, Ferreira RA, Amarante Jinior VS, Pereira WE,
Fonseca JB, Caldas FRL (2011) Balanco eletrolitico para
suinos machos castrados em crescimento mantidos em
ambiente de alta temperatura. Ciéncia e agrotecnologia
35(1):186-194. DOI: http://dx.doi.org/10.1590/S1413-
70542011000100024

Cherri AC, Alem Junior DJ, Silva IN da (2011) Inferéncia
fuzzy para o problema de corte de estoque com sobras
aproveitaveis de material. Pesquisa Operacional 31(1):173-
195. DOI: http://dx.doi.org/10.1590/S0101-
74382011000100011

Goel N, Singh S, Aseri TC (2013) A Review of Soft
Computing Techniques for Gene Prediction. ISRN
Genomics 2013:1-8. DOI:
http://dx.doi.org/10.1155/2013/191206

Huynh TTT, Aarnink AJA, Gerrits WJJ, Heetkamp MJH,
Canh TT, Spoolder HAM, Kemp B, Verstengen MWA
(2005) Thermal behavior of growing pigs in response to
high temperature and humidity. Applied Animal
Behaviour Science 91:1-16.
http://10.1016/j.applanim.2004.10.020

Leite MS, Fileti AMF, Silva FV (2010) Desenvolvimento
e aplicacdo experimental de controladores fuzzy e
convencional em um bioprocesso. Revista Controle &
Automacéo 21(2)147-158. DOI:
http://dx.doi.org/10.1590/S0103-17592010000200004

Manno MC, Oliveira RFM, Donzele JL, Oliveira WP, Vaz
RGMYV, Silva BAN, Saraiva EP, Lima KRS (2006) Efeitos
da temperatura ambiente sobre o desempenho de suinos
dos 30 aos 60 kg. Revista Brasileira de Zootecnia
35(2):471-477. DOI: http://dx.doi.org/10.1590/S1516-
35982006000200019

Miranda KOS, Borges G, Menegale VLC, Silva 1JO
(2012) Efeito das condi¢bes ambientais no nivel de ruido
emitido por leitGes. Engenharia Agricola 32(3):435-445.
Available in:
http://repositorio.unesp.br/bitstream/handle/11449/27832/S
010069162012000300003.pdf?sequence=1&isAllowed=y

Né&as 1A (2011) Uso de técnicas de precisdo na producao
animal. Revista Brasileira de Zootecnia 40:358-364 (supl.
especial). Available in:
http://www.shz.org.br/revista/artigos/66291.pdf

Nunes MLA, Miranda KOS, Arcaro Junior I, Bortolini ES
(2011) Temperatura superficial de porcas gestantes
mantidas em baias coletivas com piso de concreto e cama
de maravalha. In: Congresso Brasileiro de
Biometereologia. Piracicaba, Escola Superior de
Agricultura “Luiz de Queiroz”, Anais...

Oliveira RF, Moreira RHR, Chaves RF, Resende M,
Ribeiro BPVB, Gionbelli MP, Ferreira RA (2015)
Respostas fisioldgicas de suinos submetidos a estresse por
calor. In: Congresso Brasileiro de Zootecnia/Zootec.
Fortaleza, Anais...

Pandorfi H, Silva 1JO, Guiseline C, Piedade SMS (2007)
Uso da l6gica fuzzy na caracterizacdo do ambiente
produtivo para matrizes gestantes. Engenharia Agricola
27(1):83-92. DOI: http://dx.doi.org/10.1590/S0100-
69162007000100001

Pandorfi H, Almeida GLP, Guiselini C (2012) Zootecnia
de precisdo: principios basicos e atualidades na
suinocultura. Revista Brasileira de Satde e Producéo
Animal 13(2):558-568. DOI:
http://dx.doi.org/10.1590/S1519-99402012000200023

Pandorfi H, Silva 1JO, Rodrigues VC, Vieira FMC,
Nascimento ST, Guiselini C (2011) Uso de redes neurais
artificiais para predicao de indices zootécnicos nas fases de
gestacdo e maternidade na suinocultura. Revista Brasileira
de Zootecnia 40:676-681. DOI:
http://dx.doi.org/10.1590/S1516-35982011000300028

Perdomo CC (1994) Conforto ambiental e produtividade
de suinos. In: Simpo6sio Latino-Americano de Nutricdo de
Suinos. S&o Paulo, CBNA, Anais...

Engenharia Agricola, Jaboticabal, v.38, n.4, p.457-470, jul./ago. 2018



Rodrigo F. de Oliveira, Rony A. Ferreira, Lucas H. P. Abreu, et al.

Ponciano PF, Yanagi Junior T, Schiassi L, Campos AT,
Nascimento JWB (2012) Sistema fuzzy para predicédo do
desempenho produtivo de frangos de corte de 1 a 21 dias
de idade. Engenharia Agricola 32(3):446-458. DOI:
http://dx.doi.org/10.1590/S0100-69162012000300004

Renaudeau D, Gourdine JL, St-Pierre NR (2011) A meta-
analysis of the effects of high ambient temperature on
growth performance of growing-finishing pigs. Journal of
Animal Science 89:2220-2230. DOI:
http://dx.doi.org/10.2527/jas.2010-3329

Renaudeau D, Huc E, Noblet J (2007) Acclimation to high
ambient temperature in Large White and Caribbean Creole
growing pigs. Journal of Animal Science 85:779-790.
DOI: http:// dx.doi.org/10.2527/jas.2006-430

Renaudeau D, Kerdoncuf Anais C, Gourdine JL (2008)
Effect of temperature level on thermal acclimation in
Large White growing pigs. Animal: an international
Journal of Animal Bioscience 2(11):1619-1626. DOI:
http://dx.doi.org/10.1017/S1751731108002814

Rostagno HS, Albino LFT, Donzele JL, Gomes PC,
Oliveira RF, Lopes DC, Ferreira AS, Barreto SLT,
Euclides RF (2011) Tabelas Brasileiras para Aves e
Suinos. Vigosa, UFV, 3" ed.

Santos RC, N&as IA, Moreira FR, Gomes Filho R (2009)
Aplicacéo da l6gica nebulosa na simulagéo de estro de
vacas leiteira. Enciclopédia Biosfera 5(8):1-6.

Scattone GS (2014) A rastreabilidade da carne suina:
estudo de caso. Dissertacdo Mestrado, Universidade de
Brasilia, Faculdade de Agronomia e Medicina Veterinéria.

Schiassi L, Yanagi Junior T, Damasceno FA, Saraz JAO,
Amaral AG (2014) Thermal-Acoustic Comfort Index for
Workers of Poultry Houses Using Fuzzy Modeling.
International Journal of Engineering Research and
Applications (IJERA) 4:60-64. Available in:
http://www.ijera.com/papers/\VVol4_issue9/Version%201/L
49016064.pdf

470

Silva KO, Naas IA, Tolon YB, Campos LSL, Salgado DD
(2007) Medidas do ambiente acustico em creche de suinos.
Revista Brasileira de Engenharia Agricola e Ambiental
11(3):339-344. DOI: http://dx.doi.org/10.1590/S1415-
43662007000300015

Sobrinho DCS, Oliveira Janior, GM, Roner MNB, Ferreira
AS, Oliveira AG, Santos WG, Gomide APC, Morais JAS
(2013) Lisina digestivel para suinos machos castrados
submetidos a estresse por calor dos 95 aos 115 kg. Revista
Brasileira de Saude e Produgao Animal 14(3):546-557.
DOI: http://dx.doi.org/10.1590/S1519-
99402013000300014

Sommerfelt IM, Rempel C (2015) Efeito da temperatura
do ambiente sobre a gestacdo de fémeas suinas e impactos
econdmicos relacionados. Revista Brasileira de Higiene e
Sanidade Animal 9(3):450-464. DOI:
http://dx.doi.org/10.5935/1981-2965.20150041

Vasconcelos de Oliveira S (2014) Arranjos de
coordenacdo em cadeias produtivas agroindustriais:
contribuicdes analiticas com base na abordagem fuzzy.
Tese Doutorado, Universidade Federal do Rio Grande do
Sul.

Yanagi Junior T, Amaral AG, Teixeira VH, Lima RR
(2011) Caracterizagdo espacial do ambiente termoacustico
e de iluminancia em galpdo comercial para criagdo de
frangos de corte. Engenharia Agricola 31(1):1-12. DOI:
http://dx.doi.org/10.1590/S0100-69162011000100001

Yanagi Junior T, Schiassi L, Abreu LHP, Barbosa JA,
Campos AT (2012) Procedimento fuzzy aplicado a
avaliacdo da insalubridade em atividades agricolas.
Engenharia Agricola 32(3). DOI:
http://dx.doi.org/10.1590/S0100-69162012000300002

Engenharia Agricola, Jaboticabal, v.38, n.4, p.457-470, jul./ago. 2018



