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Abstract Thermal environment management have been a 
barrier to increase quail production, once it exerts direct and 
indirect effects on egg production and welfare. The objective 
of this study was to develop a fuzzy model to predict feed 
intake of Japanese laying quails. The model was developed 
based on data derived from field measurements, laboratory 
and the literature, regarding the environmental influence on 
feed intake (FI, g) of Japanese quail in laying. Air temperature 
(°C) and relative humidity (%) were defined as input variable, 
and FI as output variable. Mandani’s inference and center of 
gravity deuzzification methods were used for developing the 
model, as well as, trapezoidal membership functions for the 
input and output variables. The standard deviation (SD) 
among the values of observed and predicted FI by the fuzzy 
model, ranged from 0.01 g to 1.10 g, and the average deviation 
was 0.41 g. The average error (AE) and coefficient of 
determination (R²) found were 2.22% and 0.93, respectively. 
Therefore, the low values of SD, AE and high values R² 
indicate that the fuzzy model can be applied to estimate feed 
intake of Japanese quails. 
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Introduction 
 

The increase of quail production has found barriers that 
hinder the exploration and maximization of production 
(Teixeira et al 2013), one of them is the breeding environment, 
which have direct and indirect effects on production and 
animal welfare (Rocha et al 2010). Thus, it is primordial to 
monitor and to control efficiently the environment variables 
for the success of production (Silva et al 2013). 

High temperatures have been a major problem in 
poultry. It is known that heat stress leads to many losses 
because it reduces feed intake and bird performance 
(Fukayama et al 2005). In thermoneutral zone, however, the 
birds spend little energy to keep your homeothermy, so that 
practically all energy assimilated from the diet is designed to 
productive processes (Araújo et al 2007), because it is related 

to an ideal thermal environment in which birds found adequate 
conditions to express their best productive characteristics 
(Nazareno et al 2009). 

Production parameters, such as feed intake, and egg 
quality are examples of some measures adopted to determine 
the effects of the thermal environment on bird’s performance 
and welfare (Alves et al 2007). It happens because birds 
change feed intake is regulated by the energy of the diet and 
by the nutritional requirement (Moura et al 2010), as well as 
the ambient temperature (Silva et al 2012). The welfare status 
changes because in the attempt to maintain their body 
temperature within the homeostatic limits, the birds reduce 
feed intake when the environmental temperature increases 
(Rutz 1994). This decrease in the birds' appetite can be 
considered as one of the main signs of thermal stress (Hurwitz 
et al 1980), and thermal stress is an antagonist of welfare 
(Broom 2011). 

For better assess the environment of animal 
production, innovative methods, such as noninvasive 
assessment tools and welfare control in confined environment 
have been adopted (Borges et al 2010). Thus, computational 
modeling has proven important in decision making for 
problems difficult to solve in poultry. 

The fuzzy set theory, introduced by Lofti A. Zadeh in 
1965, objective approach the precision of classical 
mathematics to the imprecision of the real world, confronting 
deterministic models to more flexible models, these models 
involving uncertainty and subjectivity (Melo and Castanho 
2008).  

The  fuzzy set theory shown as a methodology that 
allows to estimate the performance and animal welfare, since 
according Ponciano et al (2011), is a mathematical theory 
applied to the diffuse concepts, which uses linguistic 
variables, words or sentences based on, which play important 
role in the treatment of imprecision. 

Fuzzy logic supports approximate reasoning rather 
than exact, whose values are words or sentences in natural or 
artificial language which play an important role in the 
treatment of imprecision. There is a pertinence interval in 
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which the transition is gradual (it can assume any value 
between 0 and 1), unlike the classical sets in which the 
pertinence has bivalent aspect (0 or 1). The idea is not to model 
the processes themselves, but rather the actions from expert 
knowledge, which makes the model versatile, because it 
brings the possibility of modeling and handling imprecise 
information, naturally used in human language. 

Therefore, fuzzy set theory is an interesting 
methodology in decision making, enabling the prediction of 
response variables of interest, such as feed intake, weight gain, 
feed conversion, body temperature, etc. Therefore, the goal of 
this study was to develop a model based on fuzzy set theory 
for predicting feed intake of Japanese laying quail. 

 

Materials and Methods 
 

A fuzzy model is composed of input and output 
variables. For each variable, are assigned fuzzy sets that 
characterize them, and, for each fuzzy set is created a 
membership function. This function is a numerical, graphical 
or tabulated function that assigns fuzzy relevance values to 
discrete values of a variable in its discourse universe, that is 
the numerical range of all possible real values that a specific 
variable can assume (Ganga et al 2011).  

The proposed fuzzy model was developed based on 
experimental data derived from a research quail facility, an 
acclimatized wind tunnel placed in a laboratory for animal-
thermal environment studies and the literature. The 
measurements in the research quail facility were from 
February to May 2010 and from April to June 2011. Data from 
the acclimatized wind tunnel were obtained during May and 
July 2012. Literature data related to the influence of the 

environment (air temperature and relative humidity) on the 
feed intake (FI, g bird-1 day-1) of Japanese laying quail were 
derived from several field researches (Sahin and Kucuk, 2003, 
Araújo et al 2007; Lima et al 2012). The use of control 
treatments (without any type of treatment that differs of the 
conventional management) for literature and field data 
permitted the equivalence with the laboratory data. 

The input variables of the proposed model were air 
temperature (tair, °C) and relative humidity (RH, %). These 
variables were chosen once tair is considered the main 
meteorological variable that influences the physical 
environment of the animal (McDowell 1974) and RH have a 
remarkable influence the thermal balance in environments 
wherein the heat dissipation by evaporation is crucial to 
homeothermy (Young 1988). 

The fuzzy model predicts the FI of Japanese quail as a 
function of the input variables, allowing the environment 
classification. The temperature and relative humidity ranges 
were chosen because they encompass values that characterize 
conditions of comfort and stress.  

Trapezoidal membership functions were used to 
represent the input variables (tair, °C; RH, %) (Table 1 and 
Figure 1), because they characterize a data set with similar 
responses (pertinence degree of 1). This type of profile, with 
a plateau, is common to depict tair and RH. 

The ranges proposed for tair and RH were defined with 
aid of tree specialists. These specialists were selected in 
accordance with the selection methodology of fuzzy 
specialists proposed by Cornelissen et al (2002). 
 

 
Table 1 Fuzzy sets for the input variables, air temperature (tair) and relative humidity (RH). 

Input variables Fuzzy sets 

Air Temperature (tair, °C) 

tair 1 [18.0; 20.0] 

tair 2 [19.0; 22.0] 

tair 3 [21.0; 24.0] 

tair 4 [23.0; 26.0] 

tair 5 [25.0; 30.0] 

tair 6 [29.0; 32.0] 

Relative Humidity (RH, %) 

RH1 [45.0; 55.0] 

RH2 [50.0; 65.0] 

RH3 [60.0; 71.0] 

RH4 [70.0; 77.0] 

RH5 [73.0; 80.0] 
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a. 

 

b. 

 

Figure 1 Membership functions for the input variables (a) temperature (tair, ° C) and (b) relative humidity (RH, %) of the air. 

 

The fuzzy inference method used was Mamdani that, 
in response, brings a fuzzy set originated from the 
combination of input values with their respective membership 
value through the minimum operator and then by the 
superposition rules by the maximum operator (Campos et al 
2013). The defuzzification was performed using the method 
of Center of Gravity (Centroid or Center Area) used by Leite 
et al (2010).  

Trapezoidal membership functions were adopted for 
the output variable FI (Table 2), because they represent better 
dataset and result in lower values of standard deviation (Figure 
2). The ranges of each membership function were defined by 
the experts during the development model phase. 

The combination of all six membership functions of air 
temperature (tair) and five of air relative humidity (RH) 
resulted in thirty different thermal conditions, from which it 
was constructed based on rules. 

 

Table 2 Range of fuzzy sets for the output variable feed intake (FI, g bird-1 day-1). 

Output variable Fuzzy sets 

Feed intake (FI, g bird-1 day-1) 

FI1 [19.0; 22.9] 

FI2 [22.0; 24.0] 

FI3 [23.5; 25.5] 
 FI4 [24.9; 26.5] 

 FI5 [26.0; 29.0] 
 FI6 [28.0; 31.0] 

 
The rule set was developed by a collection of fuzzy 

propositions and with help of specialists (selected by 
Cornelissen et al (2002) methodology), presented as if-and-
then, having been prepared from the information in Table 1.  

The rule system was composed for thirty rules, with a 
weighting factor equal to 1 was assigned to each rule, similar 
to several fuzzy models previously adjusted (Ferreira et al 

2007; Schiassi et al 2015; Cecchin et al 2016; Tavares and 
Schiassi 2016). 

To evaluate the reliability of the developed model the 
standard deviation, mean bias error (MBE), percent error and 
coefficient of determination (R2) among the FI values obtained 
by the fuzzy model and the experimental data were calculated. 
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Figure 2 Membership functions to the output variable, feed intake (FI). 

 
Results 

 

The response surface shown in Figure 3 represents the 
profile of FI as a function of tair and RH. 

The peaks in Figure 3 indicate the strip of tair and RH 
where the FI is higher, and reciprocally the depressions 
indicate the environmental strips where verified lower values 
of FI. It is also possible to observe that the lowest values of FI 
occur for values of tair higher than 26°C. 

When a new computer model is developed in order to 
support the decisions, reviews and tests become important for 
increasing of system reliability. The experimental FI values 
(from a research quail facility and laboratory studies) and 
those predicted through fuzzy model are listed in Table 3. 

 

 
Figure 3 Feed intake (FI) of Japanese quail in function of air 
temperature (tair) and relative humidity (RH). 

 

The standard deviations among the values of observed 
and estimated FI by the fuzzy system ranged from 0.07 g to 
0.99 g, with an average deviation equal to 0.41 g. The 
frequency of occurrence (%) of the standard deviations was 
distributed in classes with a range of 0.1 g to verify whether 
the percentage of deviations was below of the average value. 
The distribution of the standard deviations (Figure 4) indicates 
that 56.6% of the FI values estimated by the fuzzy system are 
below of 0.41 g. The MBE, given by the mean of the 
difference between the simulated and observed data, were -
0.17. 

 

 
Figure 4 Observed frequencies for the standard deviations between 
the FI of Japanese quail estimated by the fuzzy model as a function 
of air temperature (tair) and relative humidity (RH). 

 
The minimum, average and maximum percentage of 

error found for the fuzzy system were 0.4, 2.2 and 6.1%, 
respectively, and 55.6% of the errors are below the average 
percentage error.  

The functional relation among the values observed and 
simulated FI is illustrated in Figure 5, and the coefficient of 
determination (R2) is equal to 0.93.  

 

 
Figure 5 Coefficient of determination (R2) generated between the 
observed feed intake (FI) and estimated feed intake by fuzzy logic. 
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Table 3 Comparison among observed and simulated feed intake (FI) values. 

Source* tair (°C) RH (%) 
Feed intake (g bird-1day-1) 

Observed* Fuzzy System Standard Deviation 
Error  

% 
EF 19.0 56.3 25.9 25.70 0.14 0.77 
LA 20.8 58.3 28.5 29.80 0.92 4.56 
LA 20.8 60.1 30.6 29.80 0.57 2.61 
LA 21.4 60.7 29.3 28.80 0.35 1.71 
LA 20.0 62.4 30.6 29.70 0.64 2.94 
Lima et al. (2012) 21.6 75.8 27.0 26.60 0.28 1.48 
EF 22.4 42.8 26.4 25.70 0.49 2.65 
LA 22.2 59.6 28.3 27.40 0.64 3.18 
LA 22.2 60.3 27.3 27.40 0.07 0.37 
LA 22.6 65.8 27.8 27.40 0.28 1.44 
EF 22.1 69.3 26.4 27.40 0.71 3.79 
EF 23.6 71.6 26.3 26.00 0.21 1.14 
LA 24.2 60.5 27.6 27.30 0.21 1.09 
LA 24.2 60.5 27.0 27.30 0.21 1.11 
LA 24.2 60.5 26.2 27.30 0.78 4.20 
EF 24.3 70.3 25.6 25.20 0.28 1.56 
EF 23.8 71.5 25.0 25.40 0.28 1.60 
EF 23.8 74.1 24.6 25.50 0.64 3.66 
LA 29.9 58.7 23.4 23.20 0.14 0.85 
LA 28.0 59.6 23.1 24.50 0.99 6.06 
LA 28.0 59.7 23.9 24.50 0.42 2.51 
LA 29.9 60.0 23.0 23.20 0.14 0.87 
EF 25.7 73.9 24.4 24.50 0.07 0.41 
EF 25.9 76.7 25.3 24.50 0.57 3.16 
EF 26.0 79.5 24.9 24.50 0.28 1.61 
LA 31.9 60.0 22.0 23.00 0.71 4.55 
LA 31.9 60.1 23.0 22.90 0.07 0.43 
Araújo et al. (2007) 31.8 64.9 19.9 20.40 0.35 2.51 
EF 19.0 56.3 25.9 25.70 0.14 0.77 
LA 20.8 58.3 28.5 29.80 0.92 4.56 
LA 20.8 60.1 30.6 29.80 0.57 2.61 
LA 21.4 60.7 29.3 28.80 0.35 1.71 
Lima et al. (2012) 21.6 75.8 27.0 26.60 0.28 1.48 
EF 22.4 42.8 26.4 25.70 0.49 2.65 
Sahin; Kucuk (2003) 22.0 58.0 28.0 27.40 0.42 2.14 
LA 22.2 59.6 28.3 27.40 0.64 3.18 

    Average 0.41 2.22 

Discussion 
 

The FI reduction is a direct result of heat stress. In an 
attempt to maintain their body temperature within homeostatic 
limits, quails reduce their FI when the ambient temperature 
increases. As a consequence of the FI reduction the essential 
nutrients intake also decreases, leading to a reduction in egg 
production at high temperatures. 

When assessing the lighting effect on egg production 
for Japanese quail, Gewehr et al (2005) found that the increase 
of tair promoted decrease in FI. Pinto et al (2003), studying the 
requirements of methionine and lysine, observed that weekly 
thermal fluctuations of 14.0 to 30.6 °C and 23.2 to 30.5 °C, 
respectively, result in a decrease of FI in laying quails. 

Thus, the fuzzy system could be onboard in the climate 
control systems to provide adequate thermal environment for 
the quails, optimizing the productive performance. 

According to Albino and Barreto (2003) the average FI 
of Japanese laying quail in production period under comfort 
conditions is between 23.0 and 26.0 g bird-1 day-1, so the 
average standard deviation is 1.6% of the maximum amount 
cited by the authors. 

The MBE indicates the systematic error 
(underestimation or overestimation), the negative value 
showed that the model was underestimated. According to 
Combatt et al (2017), MBE values close to 1.0 express little 
underestimation of the model with respect to the observed 
data. 
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Ponciano et al (2012) estimate that the FI of broilers 
through fuzzy sets obtained average percentage error 2.38% 
higher than found in this study. 

Despite the R2 found to distance from that found by 
Ponciano et al (2012) (R2 equal to 0.99) was similar to that 
found by Medeiros et al (2005) that adjusted a mathematical 
model to estimate FI of adult broiler chickens as a function of 
air temperature, relative humidity and velocity, founding R2 
equal to 0.91.  

The application of fuzzy sets has been shown adequate 
to various biological models, it allows treating imprecision 
and uncertainty, such as those found when relating 
environment and animal performance. The developed system 
can be easily adapted and changed as new research is 
conducted, allowing the best fit of the model to the reality of 
animal production systems. Due to those characteristics, fuzzy 
models have gained prominence in poultry production, and 
showed from the model developed also be promising in quail 
production. 
 

Conclusions 
 

The fuzzy model developed can be used to estimate the 
feed intake of laying Japanese quail based on air temperature 
and relative humidity. 
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