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Zootechnical and physiological performance of 
broilers in the final stage of growth subjected to 

different levels of heat stress
Desempeño zootécnico y fisiológico de pollos de engorde 

en la fase final de crecimiento sometidos 
a diferentes niveles de estrés térmico
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The objective of this work was to study the influence of different levels of thermal stress from the 
environment, including comfort levels (25 °C), heat stress (28 °C), moderate heat (31 °C), high heat 
(34 °C) and severe heat (37 °C), on the performance of broilers in the late growth (22-42 days), housed 
in environmental chambers. It has been determined the physiological and behavioral parameters of 
chickens (weight gain (WG), day weight gain (DWG), feed intake (FI), feed conversion ratio (FC), 
mortality (MORT), percentage of carcass of age as body weight (BW), carcass (CAR), breast (Bre), 
drumstick (Drum), wings (Win)), according the specific ranges of temperature; and was calculated 
the Temperature Index Black Globe Humidity (BGHI), for control and evaluation of the thermal 
environment of the treatments. In general, birds kept in temperature between 25-28 �C, during the 
three last week of life, performed better than those exposed to other situations, and indicating this 
would be the ambient temperature to the desired setting for birds in its final phase, compared with 
the other treatments, including those who remained at recommended temperature as thermal comfort 
throughout the experimental period.

El objetivo de este trabajo fue estudiar la influencia de diferentes niveles de estrés térmico del 
ambiente, incluyendo niveles de confort (25 �C), estrés por calor (28 �C), calor moderado (31�C), 
calor alto (34 �C) y calor severo (37 �C), en el desempeño de pollos de engorde en el la última 
fase de crecimiento (22-42 días), alojados en cámaras climáticas. Se determinaron los parámetros 
fisiológicos y de comportamiento de los pollos (ganancia de peso (WG), ganancia de peso diaria 
(DWG), consumo de alimento (FI), índice de conversión alimenticia (FC), mortalidad (MORT), 
porcentaje de carcasa con relación a la edad y peso corporal (BW), carcasa (CAR), pecho (Bre), 
muslos (Drum), alas (Win)), de acuerdo a los rangos específicos de temperatura; y se calculó el 
Índice de Temperatura de Globo Negro y Humedad (ITGH), para el control y evaluación térmica de 
los tratamientos. En general, las aves mantenidas en temperatura entre 25-28 �C, durante las tres 
últimas semanas de vida, se comportaron mejor que las expuestas a otras situaciones, e indicando 
que esta podría ser la temperatura ambiente deseada para las aves en su fase final, en comparación 
con los otros tratamientos, incluidos los que se mantuvieron a la temperatura recomendada como 
confort térmico durante todo el período experimental.
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A
mbience in contemporary poultry is strictly 
related to thermal comfort of birds, which, for 
being homeothermic animals, have their body 
temperature influenced by the environment to 

which are exposed (Cândido et al., 2016). It is understood 
that the ambient temperature can influence the zootechnical 
performance of the poultry, such as, feed consumption, 
animal welfare, productivity and maintenance requirement. 
Thus, in countries of tropical and subtropical climates, such 
as Brazil, the intense solar radiation and high values of 
temperature and relative humidity, especially in summer, 
generate almost permanent thermal discomfort conditions, 
generating considerable economic losses, reduced 
performance and increased mortality (Souza et al., 2016).

Outside the comfort zone occurs decrease in productive 
performance, reproductive and resistance of the organism, 
and the extreme outside this area can be lethal. Therefore, 
if thermal comfort is not reached and the bird is exposed 
to heat stress, a situation that is quite frequent in a major 
part of the year, especially in the summer, there will be 
a drop in feed intake, weight gain, leading to worse feed 
conversion and higher mortality (Nazareno et al., 2011). 
Hence, it is very important to know the temperature limits 
supported by the animals, as well as those considered 
ideal (understood by zones of thermal comfort) for each 
age and physiological state.

The temperature ranges that have been used as comfort for 
the birds in conditions of tropical and subtropical countries 
like Brazil, are mainly based on data obtained from 
temperate regions. Thus, it is understood that the thermal 
comfort zones may be outdated due to changes in the 
genetic patterns, nutrition, environmental management and 
other factors, highlighting mainly mentioned acclimatization 
to the country conditions (Cassuce et al., 2013; Menegali 
et al., 2013).

By assessing broiler performance under diverse 
climatic conditions, Cassuce et al. (2013) noted that 
birds remained within a temperature range below the 
previously recommended as ideal in literature showed 
better performances. These authors also highlighted the 
need for refining the data on temperature ranges for comfort 
conditions, suggesting further investigations towards 
other thermal bands of the environment. Besides that, 
Cândido et al. (2016) found that for early stage broilers 

the best poultry performance and ideal comfort indices 
(based on Black Globe Humidity and Temperature Index) 
were achieved within a temperature range between mild 
cold and Cassuce comfort temperature, rather than those 
previously reported in the literature.

Therefore, in view of the above, and especially the lack of 
conclusive information from recent research, it is necessary 
to carry out a larger number of researches that investigate 
and determine the ideal temperature range for broiler 
breeding in the period from 21 to 42 days of life, growth 
phase or final cycle of creation. Since the maintenance 
of the birds in the ideal temperature range improve the 
production performance as well as energy savings (both 
in heating systems, as cooling), in poultry facilities.

The aim of this work was study the influence of different 
levels of environmental thermal stress in the broilers, 
such as comfort and heat stress light, moderate, acute 
and severe, on the broiler performance in the final stage 
of growth (21 to 42 days), housed in climatic chambers. 
All procedures used in this experiment were approved by 
the Committee on Ethics in Animal Use (CEUA) of the 
Federal University of Viçosa - UFV, Minas Gerais, Brazil, 
Protocol No. 092/2013.

MATERIALS AND METHODS
Place of experiment and climatic chambers 
The experiment was conducted in Viçosa is located at 
latitude 20�45’S and longitude 42�52’W, with an average 
altitude of 712 m. The experimental phase was conducted 
in five climatic chambers, with the dimensions of 2.4 x 3.3 
x 2.5 m (height, length and width) each, located in the 
experimental area of the Center for Research in Ambience 
and Systems Engineering Agroindustrial (AMBIAGRO) 
belonging the area of Rural Constructions and Ambience of 
the Department of Agricultural Engineering of the Federal 
University of Viçosa, Viçosa, Minas Gerais, Brazil.

Each climate chamber was equipped with an electric 
resistance air heater (with 2000 watts of power), a hot 
/ cold split air conditioner of 12,000 BTU h-1 and an air 
humidifier with a capacity of 4.5 L and fog flow (mean value) 
of 300 mL h-1. The heater and humidifier were operated by 
electronic controller MT-531 R i plus of temperature and 
humidity (control temperature -10 to 70 �C, with resolution 
of 0.1 �C; control humidity 20 to 85% RH, with resolution 
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of 0.1% RH). The ventilation applied was done by means 
of AMB axial fans, model FD 08025S1M DC 12V 0.15A, 
with automatic activation, in order to gradually allow from 
01 to 06 air changes per hour during the first three weeks 
of Birds life and 6 to 10 air renovation per hour until the 
end of experiment.

Broiler management
One-day male chicks of the Cobb-vantress lineage, with 
average weights of 45.36 g and originating from the 
company Pif-Paf Alimentos.

The feed was provided freely, so that the feeders were 
always supplied, this management were done twice a 
day, at the hours of 8:00 am and 4:00 p.m. Commercial 
feed was given during the first week of life of the birds in 
a tray-type feeder and, from the second week until the 
end of the experiment, in gutter feeders. The drinking 
troughs were of the fountain type of pressure for the 
firsts 8 days, and later replaced for nipple drinkers. 
The drinkers were manually supplied at the same time 
of the feed supply.

The light program adopted was one hour of darkness per 
day in the period of one to four days of age, 9 hours of 
darkness per day until 21 days and 8 hours of darkness 
per day until 36 days. When the broilers completed 36 
days old was decrease of 1 hour per day until reaching 
slaughter, following the recommendations by Cobb Manual 
(2012). For chicks used in the experimental phase, chicks 
from 1 day old until the end of the 3rd week of life, i.e. 
from 1 to 21 days, were managed according to a Cobb 
Manual (2012).

Experimental Phase
The experimental phase was comprised between the 
beginning of the 4th week until the end of the 6th week 
of life of the birds, that is, from 21 to 42 days of age, 
period classified as termination phase for broilers. The 
broilers were submitted to five different treatments, one 
representative of the thermal comfort situation as indicated 
by Cassuce et al. (2013), and four levels of heat stress, 
from mild to severe, namely:

CT: Comfort Temperature determined by Cassuse et al. 
(2013) (25 �C from 7:00 a.m. to 7:00 p.m. and 2 �C from 
7:00 p.m. to 7:00 a.m.)

LHS: Light Heat Stress (28 �C from 7:00 a.m. to 7:00 p.m. 
and 2 �C from 7:00 p.m. to 7:00 a.m.)
MHS: Moderate Heat Stress (31 �C from 7:00 a.m. to 7:00 
p.m. and 2 �C from 7:00 p.m. to 7:00 a.m.)
AHS: Acute Heat Stress (34 �C from 7:00 a.m. to 7:00 
p.m. and 2 �C from 7:00 p.m. to 7:00 a.m.)
SHS: Severe Heat Stress (37 �C from 7:00 a.m. to 7:00 
p.m. and 2 �C from 7:00 p.m. to 7:00 a.m.)

Control and evaluation of the thermal environment in 
the climatic chambers	
The relative humidity values inside the climatic chambers 
for all treatments were maintained in the range of 60% 
± 5%. These ranges of relative air humidity values are 
considered adequate for poultry production, regardless 
of bird age, and the ambient temperature, according to 
results of some studies considered by Oliveira et al. (2006) 
and Menegali et al. (2013).

Throughout the experimental period, the thermal data 
of temperature and relative humidity of the air inside the 
climatic chambers were recorded daily and every five 
minutes. For this monitoring, HOBO dataloggers model H1 
were used, with the resolution of ± 0.1 �C (temperature) 
and 1% (humidity), and accuracy of ± 0.5 �C (temperature) 
and ± 1% (humidity).

Black globe temperature values were collected by 
TESTO dataloggers model H1, with resolution of ± 0.1 �C  
(temperature). The black globes were installed inside 
each climatic chamber, in the median height of the 
animals. With these values, the Black Globe Humidity 
Index (BGHI) were calculated for each the thermal 
environment inside the climatic chambers.

The BGHI were calculated according to Equation 1 (Cassuce 
et al., 2013):

              BGHI = Tbg + 0.36Tdp – 330.08	          (1)	

Tbg: black globe temperature (k)
Tdp: dew point temperature (k)

Parameters of zootechnical performance
The data referring to zootechnical performance were 
collected and recorded at 21, 28, 35 and 42 days of the 
broilers life (beginning and end of each experimental 
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week), according to Cassuce et al. (2013): initial weight 
(g); food conversion; day weight gain (g); feed intake 
(g); mortality (%); and productive efficiency index or 
production factor - IPE (%).

The feed conversion (FC) values of the considered period 
(weekly) or final conversion (Equation 2), were obtained 
each week of research and accumulated at the end of 
the research, respectively. 

The daily weight gain (DWG), at the end of each weekly 
period, was determined by means of the broiler weight 

difference at the beginning and at the end of the period 
considered (Equation 3). 

(3)

The record of daily mortality (MORT) was done on the day 
of the event, removing the dead broilers found. Mortality, in 

the study period, was obtained through the usual equation of 
poultry management, expressed as a percentage (Equation 4).

(4)

Parameters of Yield of Carcass
Carcass, breast, drumstick and wing yield were obtained 
at the time of slaughter of the animals at 42 days of age 
and also the weights of edible viscera (gizzard, liver and 
heart). For this, on the day of slaughter, four birds from each 
experimental unit were collected at random, which were 

identified and weighed to obtain slaughter weight, which 
served as a reference for the calculation of carcass yields.

After slaughter, birds were bled-out, plucked and eviscerated, 
carcass yield (CY) analyzes were determined and calculated 
as follows (Equation 5): 

(5)

Then, the breast was removed without skin and the drumstick. 
These cuts were weighed and the it was yield calculated in 

relation to the weight of the carcass, as follows (Equation 
6), (Buzati, 2011). 

(6)

Experimental design
The broilers were housed in four cages per climatic 
chamber, with the following dimensions: 1.0 m width x 
0.5 m depth x 0.5 m height, with 7 birds in each cage 
(density of 14 broilers m-2), a zootechnical parameter 
frequently practiced in Brazil. Each climatic chamber was 
considered a treatment with 28 birds, for a total of 140 
birds in the experimental phase, with average of broilers 
weight of 1163.9 g at 21 days old (Figure 1).

The treatments were applied under a completely 
randomized design with four replicates, in each climatic 
chamber, according to a split plot scheme. The data were 
analyzed using regression analysis and the models chosen 
based on the significance of the regression coefficient, the 
coefficient of determination and the biological significance 
of the broilers. The data were submitted to analysis of 
variance and the means were compared by the Tukey 
Test at 5%, using the statistical program SAEG. 

FC =
Total kg of feed consumed by the broilers in the considered or final period

                   Total kg of broiler in the period considered or final
(2)

FC =
Average final weight - Average initial weight

                   Broilers age (day)

MORT (%)  =
     number of dead broilers in the period evaluated

x 100
number of broilers at the beginning of period evaluated 

Carcass yield (%)  =
 carcass weight (without feet, neck and head)

x 100
                           broiler weight 

Cuts yield (%)  =
 weight of the cut (breast without skin or drumstick)

x 100
     carcass weight (without feet, neck and head)
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Bird 25 °C

7 7

7 7

Bird 28 °C

7 7

7 7

Bird 31 °C

7 7

7 7

Bird 34 °C

7 7

7 7

Bird 37 °C

7 7

7 7

CT		    LHS		       MHS		            AHS		   SHS

Figure 1. Experimental design of broilers distribution in the five climatic chambers

RESULTS AND DISCUSSION
Evaluation of the thermal environment based on the 
BGHI
As can see from the data presented in Table 1, the 
values of air temperature and relative humidity of the air, 
obtained inside each climatic chamber, remained close 
to the values proposed for each thermal-environmental 
condition described in the methodology, indicating that 
the environmental thermal control of the chambers was 
adequate.

Medeiros et al. (2005) reported that BGHI values above 
77 began to have a negative effect on zootechnical 
performance. For Oliveira et al. (2000), the maximum 
tolerated limit of BGHI for broilers with more than three 
weeks old is 76. According to Oliveira et al. (2006), the 
BGHI indices that typify a pleasant thermal environment 
for birds vary from 77 to 80 within the first week; however, 
such range is between 73 and 76 during the second and 
third weeks.

Table 1. Temperature values and relative humidity of the ambient air and respective BGHI values, corresponding to the final broiler period of 
rearing (21 to 42 days of age).

Thermal environment
Variables 

Tair (°C) RH (%) BGHI *

(Total period 21 - 42 days)

Comfort Temperature (CT) 25.1± 0.3 65.4 ± 1.3 74.6 d

Light Heat Stress (LHS) 27.4 ± 0.9 64.7 ± 4.1 74.9 d

Moderate Heat Stress (MHS) 30.3 ± 0.9 62.2 ± 4.5 79.7 c

Acute Heat Stress (AHS) 34.1 ± 1.1 63.4 ± 4.3 83.4 b

Severe Heat Stress (SHS) 36.3 ± 1.3 59.3 ± 4.2 85.1 a
CV % 3.23 5.91 1.45

* The means followed by the same letter in the column do not differ from each other at the 5% probability level by the Tukey test.

In this way, it can be inferred, based on the mentioned 
authors, that the conditions of MHS, AHS and SHS 
applied in this experiment are above the comfort limit, 
and CT and LHS conditions are within the limits of 
thermal comfort for broilers from 21 to 42 days of age.

Evaluation of the zootechnical performance of 
broiler chickens during the final stage of growth
As can be observed in Table 2, there was a difference 
between the different treatments (thermal environments), 
the mean results of weight gain (WG), day weight gain 
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(DWG), feed intake (FI), food conversion (FC) and 
mortality (MORT) during the final three weeks of life of 
the broilers.

The highest body weights of the broilers represented 
in WG and DWG were observed at the temperature 
28 �C (LHS) during the whole experimental period, 
indicating that the increase of 3 �C in the environmental 

temperature of the birds compared to that currently used 
in the literature (25 �C) would be feasible, as there is an 
improvement in the productive indexes of broilers. Thus, 
less energy expenditure would occur in the process of 
cooling the environment, this result is in agreement with 
the results observed by Cassuse et al. (2013), making 
necessary to adjust the parameters currently used for 
Brazilian poultry farming.

Table 2. Comparison between the animal performance parameters related to thermal environments. 

Thermal environments

Variables *

WG
(g)

DWG
(g)

FI
(g)

FC
(g/g)

MORT
(%)

Comfort Temperature (CT) 1765.72 a 84.08 a      4520.1 a 2.56 a  7.14 a
Light Heat Stress (LHS) 1938.94 b 92.33 b 4433.13 b 2.29 b 10.71 b
Moderate Heat Stress (MHS) 1488.94 c 70.87 c 4301.59 c 2.89 c 25.00 c
Acute Heat Stress (AHS) - - - - 100
Severe Heat Stress (SHS) - - - - 100

CT: Comfort Temperature by Cassuse et al. (2013) 2 5 �C;  LHS: Light Heat 28 �C; MHS: Moderate Heat Stress 31 �C; AHS: Acute Heat 
Stress 34 �C; SHS: Severe Heat Stress 37 �C; WG: weight gain; DWG: day weight gain; FI: feed intake; FC: feed conversion ratio; MORT: 
mortality to each thermal environment. * The means followed by the same letter in the column do not differ from each other at the 5% 
probability level by the Tukey test.

A significant reduction was observed between the 
day weight gain of the birds kept in the thermal 
environments MHS, AHS and SHS, compared to LHS 
and CT. Broilers kept on LHS treatment obtained better 
final weight gain (WG) and daily weight gain (DWG), 
however, the broilers kept in the LHS and CT treatment 
presented higher weight gain than those maintained 
in moderate and severe heat stress throughout the 
experimental period, as already observed by Medeiros 
et al. (2005) and Oliveira et al. (2006).

The birds kept at the environmental temperatures of 
CT, LHS, during the fourth, fifth and sixth weeks of 
life, respectively, presented higher feed intake (FI), 
whereas the opposite occurred in MHS, AHS and 
SHS treatments, with had reduction in feed intake. 
The reduction of the feed intake of the broilers kept 
in the treatments MHS, AHS and SHS is in agreement 
with the one exposed by Olanrewaju et al. (2010) and 
Cardoso (2016), who observed a reduction in the feed 
intake of broilers kept at high ambient temperature in 
relation to those kept in comfort at 42 days of age.

It can be observed that all birds maintained at MHS, 
AHS and SHS, presented worse feed conversion 
(FC) compared to those maintained in CT and LHS 
during the whole experimental period. It can be 
inferred, within the temperature ranges tested, that 
the ambient temperature above 31 �C for 12 hours per 
day is sufficient to compromise the feed conversion 
of the broilers, compared to those maintained under 
conditions of 28 �C, treatment LHS and 25 �C, treatment 
CT.

The worst broilers viability results occurred for the 
AHS and SHS treatment, where they only survived 
the thermal stress (temperatures above 30 �C) for two 
weeks reaching a mortality of 100% at 35 days of life.

Carcass yield evaluation and viscera of broilers 
slaughtered at 42 days of age
As can be seen in Table 3, significant differences were 
found between the treatments for the parameters body 
weight (BW), breast weight (Bre) and liver weight (Liv) 
for broilers at 42 days old. For the means carcass 
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weight parameters CAR, drumstick (Drum), wing (Win), 
heart (Hea) and gizzard (Giz) no significant differences 
were found for none of the treatments (CT, LHS and 
MHS). For AHS and SHS treatments, data on carcass 

yield evaluation at 42 days of age are not presented, 
since these treatments reached 100% mortality at 35 
days of age, these results coincide with the findings by 
Oliveira et al. (2006). 

Table 3. Carcass yield evaluation of broilers slaughtered at 42 days of age.

Therm al environment
BW C aR Bre Drum Win Hea Liv Giz

(g) (%) (g) (%)

CT 2927.33 ab 67.12 a 45.89 a 14.67 a 9.24 a 0.39 a 1.32 b 1.16 a
LHS 3020.00 a 66.71 a 43.35 ab 13.13 a 7.60 a 0.46 a 1.70 ab 1.13 a
MHS 2764.66 b 66.45 a 36.84 b 12.68 a 8.19 ab 0.46 a 1.87 a 0.88 a

CV (%) 3.38 3.76 7.55 11.49 8.61 5.58 12.22 13.38

BW: body weight; CAR: carcass; Bre: breast; Drum: drumstick; Win: wings; Hea: heart; Liv: liver and Giz: gizzard The means followed by 
the same letter in the column do not differ from each other at the 5% probability level by the Tukey test. 

Muller et al. (2013) found that when the broilers were 
submitted to different levels of heat stress (27 - and 
32 °C), the animals in the first week of life showed no 
adaptation to heat capable of increasing production and 
carcass characteristics when submitted to chronic heat 
stress during the final rearing period, results that are 
according that was found in this research, mainly with 
the MHS treatment.

CONCLUSIONS
Considering the influence of different levels of thermal 
stress used in this research, it can concluded that agree 
with the zootechnical and physiological results found, it 
is feasible to increase of 3 �C in the ambient temperature 
of the poultry facilities in relation to the currently used 
(25 �C), by Brazilian literature and agribusiness, as 
well as by tropical and subtropical countries. Therefore, 
temperature ranges between 25 and 28 �C, it could lead 
to an improvement in the productive indexes of broiler 
chickens during the final phase of poultry farming.
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