
451 

Agronomy Research 21(S2), 451–459, 2023 
https://doi.org/10.15159/AR.23.024 

 
 
 

Physiological and behavioural parameters of broiler chicks 
grown under different heating systems 

 
P.F.P. Ferraz1,*, E.T. Andrade1, R.B. Vilas Boas1, T. Yanagi Junior1, 

R.R. Andrade2, V. Becciolini3 and M. Barbari3 
 

¹Federal University of Lavras, Agricultural Engineering Department, BR37200-000 
Lavras, Minas Gerais, Brazil 
2Federal University of Goiás, Department of Biosystems Engineering, College of 
Agronomy, BR74690-900 Goiânia, Brazil 

3University of Florence, Department of Agriculture, Food, Environment and Forestry, 
Via San Bonaventura 13, IT50145 Firenze, Italy 
*Correspondence: paricia.ponciano@ufla.br 
 
Received: December 1st, 2022; Accepted: March 29th, 2023; Published: April 24th, 2023 
 
Abstract. This study aimed to compare the internal environment, physiological variables, and 
behavioural responses of chicks under two different heating systems. The experiment was 
performed in two commercial broiler houses located in Brazil, where 28,000 male Cobb chicks 
were housed during the first three weeks of life. One of the broiler houses was heated by an 
industrial indirect-fired biomass furnace (S1). In addition, another heating system consisting of 
two furnaces for indirect heating of the air using biomass (wood) as fuel, built by hand with 
bricks, mud, and dung on an iron structure (S2), was tested. Measurements of the dry bulb 
temperature (tdb), dew point temperature (tdp), and relative air humidity (RH) were performed. 
Subsequently, the temperature-humidity index (THI) was calculated. In addition, the 
physiological variables of the respiratory rate (RR) and cloacal temperature (tcloacal) were 
measured three times a day (8:00 am, 2:00 pm, and 6:00 pm) in four chicks. The behaviours were 
grouped by dendrograms, in which the similarity of these data was qualified. During the second 
and third weeks of life, the THI values were below the recommended range. The RR and tcloacal 
data were below the recommended comfort values, which may be an indicator that the chicks 
were subjected to cold conditions. Regarding their behaviour, the chicks exhibited calm, feeding, 
and sleepy behaviours most of the time. Problems in the heating system inside the broiler house 
could be observed, possibly affecting the chicks’ thermal comfort and welfare, which 
consequently can result in productive and economic losses. 
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INTRODUCTION 
 

The production of broiler chickens occupies a prominent position in the Brazilian 
economy, in addition to providing the consumer with an affordable source of protein. 
However, the predominant characteristics of the tropical and subtropical climate, as in 
Brazil, require specific care in relation to the thermal environment control in which the 
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birds are inserted (Oliveira et al., 2018; Cândido et al., 2019; Coelho et al., 2019). The 
thermal environment conditions to which broilers are subjected are essential to ensure 
maximum comfort and animal welfare, and consequently, achieve maximum 
productivity (Vieira et al., 2016). For the Brazilian climatic conditions, there is a need 
for supplementary heating during the initial phase of the birds' life, as they are sensitive 
to the cold (Andrade et al., 2019). 

In the early stages of chicken growth, birds have low tolerance to thermal stress, 
which can result in reduced productivity and reproductive performance. A chick is 
considered a poikilothermic animal, i.e., its body temperature varies according to the 
ambient temperature (Souza et al., 2015). This is because, in the initial stage of rearing, 
birds do not have a defined thermoregulatory system or sufficient energy reserves to 
adapt to adverse environmental conditions, so body temperature can vary depending on 
the ambient temperature (Ponciano et al., 2012; Andrade et al., 2017). When under cold 
stress, there is a decrease in growth performance and immune function in broiler 
chickens (Su et al., 2020). Thus, the first weeks of life of birds are the most critical, and 
errors made in this phase cannot be corrected, resulting in a decrease in the final 
performance (Cordeiro et al., 2010). 

This highlights the importance of adapting the environment to the ideal welfare 
conditions for younger birds. However, the quantification of only the thermal 
environment to which an animal is subjected is not sufficient to meet the real welfare 
needs of the animal, and the creation environment directly influences its behavioural 
expression in physiological aspects and productive responses (Ponciano et al., 2011). 
The physiological responses that may be affected by heat stress include the cloacal 
temperature (tcloacal) and respiratory rate (RR) (Ferreira et al., 2012; Andrade et al., 2018). 
In this way, great advances, investments and new forms of management have been 
continuously developed in the poultry sector. 

Thus, the objective of the present study was to analyse two broiler houses with 
different heating systems based on environmental, physiological, and behavioural 
variables during the first three weeks of life of chicks. 

 
MATERIALS AND METHODS 

 
The experiment was conducted in two commercial broiler houses in the western 

mesoregion of Minas Gerais, Brazil, during the spring season. The two broiler houses 
are 13 m in width, 160 m in length, and 3 metres in ceiling height, with a 30° roof slope, 
6-mm-thick asbestos cement roofing, a concrete floor, rice husk bedding, side curtains 
and yellow plastic canvas lining at 2.45 m height. In each broiler house, double curtains 
were used as side walls (one internal and one external). The internal curtains were 
removed on the fifth day of life of the chicks, and the external curtains were managed 
according to the climatic conditions throughout the experimental period. 

The one broiler house had the S1 heating system, which consisted of two furnaces 
with indirect-fired biomass burning, built by hand with bricks, mud, and dung on an iron 
structure, located 80 m apart. Each furnace was 1.88 m long, 1.27 m wide, and 1.58 m 
high. The furnace was operated with a three-phase motor with 2,206 W of power at 
1,725 RPM; this motor supplied heated air to the broiler house through a 0.10 m diameter 
tube. In the broiler house with the S2 heating system, the heating system consisted of an 
industrial metal furnace with indirect-fired biomass burning, with a length of 2.23 m, 
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width of 1.23 m, and height of 1.85 m. The heated air was blown by a three-phase motor 
with 2,206 W of power at 1,725 RPM through approximately 28.6 m of galvanized steel 
tubing on the northeast side and 22.45 m on the southwest side installed in the central 
internal part of the broiler house. The tubing had a diameter of 0.23 m and holes 0.05 m 
in diameter separated by 1.0 m located alternately on each side to release the heated air. 

A total of 28,000 male Cobb chicks aged 1 to 21 days were housed in each broiler 
house. The diets provided to the animals were formulated according to the nutritional 
requirements of the different growth stages of the birds, with the same formulations for 
both systems. 

To characterize the thermal environment, daily measurements of the dry bulb 
temperature (tdb, °C), dew point temperature (tdp, °C), and relative humidity (RH, %) 
were taken at a height of 10.0 cm from the litter, in intervals of five minutes, at 8:00 am, 
2:00 pm, and 6:00 pm in the first three weeks of life. Tdb, tdp and RH were measured 
using sensors (Hobo Pro Series - Onset®), with precision of ± 3% of the reading. 

The thermal environment inside the broiler houses was characterized by the 
temperature-humidity index (THI). The THI is considered one of the simplest indices 
and has stood out because it encompasses the effects of tdp and RH. This index can be 
calculated by Equation 1, developed by Thom (1959). 

THI = tdb + 0.36 × tdp + 41.5 (1) 
where tdb = dry bulb temperature (°C); tdp = dew point temperature (°C). 

The RR and tcloacal of the chicks were evaluated three times a day (8:00 am, 2:00 pm, 
and 6:00 pm) in four randomly selected chicks, totalling 12 chick’s broiler-¹ day-¹. The 
tcloacal value was measured using a digital thermometer (precision of ± 0.2 °C). The RR 
was determined by direct visual observation for 15 s, and then this value was 
extrapolated to one minute. 

The behaviour of the chicks was evaluated by observation with monitoring of the 
group of animals in continuous time intervals of 10 minutes for each broiler house. 
Evaluations were performed at 8:00 am, 2:00 pm, and 6:00 pm in the first three weeks 
of life. The analyses were performed daily for 21 days. The behavioural patterns were 
adapted from Sevegnani et al. (2005), and include the frequency of calm, scattered, 
prostrate, gasping, feeding, drinking water, and sleepy behaviours. These behavioural 
patterns were characterized by scoring as a function of time and number of chicks 
performing each behaviour, similar to the methodology described by Schiassi et al. (2015). 
For the statistical analysis of the scores assigned to the behavioural patterns, exploratory 
analyses using radar charts and agglomerative hierarchical clustering (AHC) were used. 

 
Statistical design 
Environmental and physiological variables 
For the analysis of environmental and physiological variables, a 2×3×3 factorial 

design was used, composed of the following factors: broiler house (S1 and S2), week  
(1, 2, and 3), and period (8:00 am, 2:00 pm, and 6:00 pm), through the statistical software 
Sisvar 5.3 (Ferreira, 2010). The data were subjected to analysis of variance, and the 
means of significant interactions were compared using the Skott-Knott test, at the 5% 
significance level. 
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Behavioural variables 
The behaviours of the chicks were analysed using the AHC methodology, which 

separates objects into groups based on the characteristics of these objects, through 
classification criteria, such that there is homogeneity within the group and heterogeneity 
between groups, allowing grouping of the treatments in which the chicks showed similar 
behaviours (Ferraz et al., 2014). The results of the AHC method were described using a 
dendrogram, which is a similarity diagram, quantified using the Ward method and 
Euclidean distance, as described by Lau et al. (2009). The cophenetic correlation 
coefficient (CCC) was used to evaluate the consistency of the clustering obtained with 
the AHC method, with values close to one indicating better representation. 

To group the behaviour of the chicks according to their similarity, the data were 
subjected to multivariate cluster analysis (R Development Core Team, 2020). 

 
RESULTS AND DISCUSSION 

 
In the statistical analysis of the THI using the Scott Knott test, there were no 

differences between the two broiler houses evaluated (P = 0.4707) or the broiler houses 
x week (P = 0.7329). However, there were differences (p < 0.05) for the week x period 

Schiassi et al. (2015) and Andrade et al. (2018), an inadequate thermal environment can 
modify the physiological response of chicks, resulting in lower productive performance. 

Table 1 also shows a comparison between the THI values over the three periods of 
the days analysed (8:00 am, 2:00 pm, and 6:00 pm) throughout the three weeks of bird 
life. The data indicate variation in the environmental conditions that the chicks were 
subjected to throughout the days. According to Ferraz et al. (2020), it is expected that in 
a commercial production system, the environmental variables within the facility are 
homogeneous. These environmental variations within the broiler house may result in 
thermal conditions outside the recommended comfort range, which may cause 
unevenness in the lot, in addition to causing discomfort in the animals and productive 
and economic losses (Ferraz, et al., 2019). 

interaction (Table 1). 
Although there were no differences 

between the THI values of the two heating 
systems evaluated, there were differences 
between the three weeks of life of the chicks 
and the three periods analysed (Table 1). 
Week 1 had higher THI values than the other 
weeks studied for both broiler houses. 
According to Abreu & Abreu (2001), the 
THI values for broiler chickens should be 
72.4 to 80.0, 68.4 to 76.0, and 64.8 to 72.0 
in the first, second, and third weeks of life, 
respectively. Thus, in the first week, the 
THI values were within the comfort range, 
but in the second and third weeks, the values 
were below the values recommended by the 
literature, showing a possible failure in the 
heating system in these weeks. According to  

 
Table 1. Mean THI (temperature-humidity
index) values of both broiler houses for the
three periods of the day studied (8:00 am, 
2:00 pm, and 6:00 pm) throughout the first 
three weeks of life of the chicks 

Week Period THI 

1st 
1 (8:00 am) 78.80 a 
2 (2:00 pm) 80.58 b 
3 (6:00 pm) 80.08 b 

2nd 
1 (8:00 am) 64.16 b 
2 (2:00 pm) 51.48 a 
3 (6:00 pm) 52.96 a 

3rd 
1 (8:00 am) 66.27 c 
2 (2:00 pm) 52.22 a 
3 (6:00 pm) 57.88 b 

Means followed by different lowercase letters
in the column differ by the Scott Knott test
(p < 0.05). 
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Table 2 shows the values of the physiological variables, RR and tcloacal, of the birds 
monitored during the experimental period. For these variables, there were no differences 
between the heating systems evaluated (p > 0.05). However, there were differences in all 

the internal environment of the broiler houses showed THI conditions below the comfort 
range. According to Cordeiro et al. (2014), chicks in thermal comfort exhibit an RR of 
approximately 47 breaths. min-¹. For the three weeks evaluated in the present study, the 
RR was above the recommended level. These high RR values may be an indication that 
the birds were in thermal discomfort during the evaluated period, which generated 
changes in RR. 

The tcloacal values obtained during the first three weeks of the birds' lives showed a 
significant difference (p < 0.05) (Table 2). The values obtained for tcloacal (40.0 °C in the 
first week, 41.0 °C in the second week and 41.4 °C in the third week), are below the 
value of 42 °C considered as comfort for the first three weeks of life for broilers, as 
indicated by Oliveira et al. (2006), being indicative of cold stress. 

had lower tcloacal values than in the afternoon and evening. However, in all periods, the 
tcloacal remained below the comfort range (42 °C) (Oliveira et al., 2006). 

Fig. 1 shows the exploratory analysis, in a radar chart, of the frequency of 
occurrence of each behaviour evaluated in each of the weeks. The behavioural evaluation 
serves as an indicator of the comfort or discomfort of production animals. This factor 
should be assessed in the early days to prevent negative effects on animal welfare and 
productivity. In this sense, the behaviours of the animals are monitored to find ways to 
improve their welfare (Garcia et al., 2015), providing a new perspective for the 
conventional animal production model and generating alternatives to conditions not 

physiological variables between the weeks 
evaluated. 

Table 2 shows that the mean values 
of the physiological variables RR and 
tcloacal were higher in the second  
(68.5 breaths min-¹ and 41.0 °C, 
respectively) and third (67.7 breaths min-¹ 
and 41.0 °C, respectively) weeks of life of 
the chicks. As shown in Table 1, in the 
second and third weeks of life of the chicks,  

 
Table 2. Mean values of the physiological 
variables RR and tcloacal in the first, second, and 
third weeks of life in the both broiler houses 

Week RR (breaths min-¹) tcloacal (°C) 
1 56.1 a 40.0 a 
2 68.5 b 41.0 b 
3 67.7 b 41.4 c 
Means followed by different letters differ by the 
Scott Knott test (p < 0.05). 

According to Table 3, for the three 
evaluated periods (8:00 am, 2:00 pm, and 
6:00 pm), the physiological variable RR 
of the evaluated periods differed 
significantly (p < 0.05). The lowest RR 
values were observed at 8:00 am, with 
values of 62.3 breaths min-¹, and the 
highest were observed at 2:00 pm, with a 
mean of 65.4 breaths min-¹, indicating a 
situation of discomfort for the animals. 

Regarding tcloacal, there were 
differences (p < 0.05) between the 
periods studied. In the morning, the chicks 

 
Table 3. Mean values and standard deviation 
from the multiple comparison test of the RR 
and tcloacal variables for the period factor, 
values obtained from the averages of both 
broiler houses 

Period RR (breaths min-1) tcloacal (°C) 
8:00 am 62.3 a 40.7 a 
2:00 pm 65.4 c 40.9 b 
6:00 pm 64.0 b 40.8 b 
Means with different letters (for the column) 
indicate significant differences (p < 0.05), by the 
Scott Knott test. 
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previously considered or poorly understood in animal welfare (Pinheiro et al., 2015). 
This is a non-invasive procedure in which the animals themselves are the biosensors that  

respectively). Gasping behaviour was the least observed throughout the observed period 
(4.2, 5.5, and 4.6% of the time for the first, second, and third weeks, respectively). 

Fig. 2 shows a cluster analysis in which the behavioural patterns were grouped and 
the periods (8 am, 2 pm, and 6 pm) were compared and analysed according to the 
Euclidean distance scale. For the first week of life (Fig. 2, a), during which the THI was 
highest (Table 1), the behaviour of the chick’s showed characteristics of discomfort due 
to cold, in which the morning period differed from the other evaluated periods in the 
distance scale. There were no differences in the distance scale between the afternoon and 
evening periods. 

 

a) R = 0.7340928 b) R = 0.772021 c) R = 0.7237924 

 
Figure 2. Cluster analysis of the behavioural variables analysed for the morning, afternoon, and 
evening periods in a) first week of life, b) second week of life, and c) third week of life. 
 

For the second week of life, the THI was below the thermal comfort range 
(Table 1), especially at 2:00 pm, when the THI was the lowest. This was evidenced in 
the behaviour analysis of the chicks, where the behaviour at 2:00 pm was different from 
that at the other times evaluated (Fig. 2, b). 

respond to environmental variations. 
As shown in Fig. 1, throughout 

the 3 weeks of life, the chicks showed 
behaviour indicative of comfort even 
though the THI values were below the 
thermal comfort range. It can be 
observed that the chicks spent most of 
the time exhibiting calm behaviour 
(22.6, 20.5, and 21.8% of the time  
for the first, second, and third week, 
respectively), sleepy behaviour (20.3, 
18.6, and 14.3% of the time for the 
first, second, and third weeks, 
respectively), and feeding behaviour 
(16.0, 17.6, and 19.0% of the time  
for the first, second, and third weeks,  
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Figure 1. Analysis of the behaviour of the 
broiler chicks for each experimental week. 
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In the third week of life, the behaviour was like that in the first week (Fig. 2, c), 
and the time of 8:00 am differed from the other two times studied. The chicks were 
subjected to thermal conditions below comfort (Table 1), and at 8:00 am, the THI values 
were higher than those at the other times. This was evidenced in the behaviour pattern 
of the chicks, which at 8:00 am differed from the behaviour patterns at 2:00 pm and 
6:00 pm (Fig. 2, c). According to Schiassi et al. (2015), although broilers have the ability 
to adapt their behaviour to variations in their thermal environment, it is not 
recommended for there to be a large variation in the thermal conditions of the internal 
environment in commercial broiler houses. The large temperature variations in the 
environment can influence the zootechnical responses of the animals, such as feed 
intake, weight gain and feed conversion, which can lead to production losses not 
observed only by the behaviour analysis. 

The CCC for all grouped behaviours was greater than 0.70. According to Ferraz et 
al. (2014) and Castro et al. (2017), the values found indicate agreement between the 
original dissimilarity values and those represented in the dendrogram. 
 

CONCLUSIONS 
 
Based on the results presented, the heating system evaluated had no influence on 

the values of the measured environmental and physiological parameters, during the trial 
period. However, differences in the values of these parameters were observed between 
the analysed periods of the day (8:00 am, 2:00 pm, and 6:00 pm). 

Regarding the environmental variables, it can be concluded that only in the first 
week of life did the THI values show values within the comfort range considered ideal. 
The THI was below the comfort range in the second and third weeks, which may be 
indicative of failure in the heating systems of both broiler houses. The cloacal analysis 
and RR indicated a level outside the comfort range. 

Regarding the behaviour during all weeks, the chicks showed calm, feeding, and 
sleepy behaviours most of the time. 
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