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Abstract
The objective of this research was to evaluate the thermal exchanges, physiological responses, productive performance 
and carcass yield of Guinea Fowl confined under thermoneutral conditions and under thermal stress. For the experiment, 
96 animals were confined in 8 experimental boxes of 1 m2 of area, each, divided in equal numbers and placed inside two 
distinct climatic chambers, where the birds were distributed in a completely randomized design, with two treatments (air 
temperatures of 26 and 32 °C, respectively). For the collection of physiological responses and carcass yield 16 birds were 
evaluated and for the collection of data on feed and water consumption and productive responses, 48 birds per treatment 
were evaluated. The environmental variables (air temperature (AT), air relative humidity and wind speed), temperature and 
humidity index (THI), heat exchanges, physiological responses (respiratory rate, surface temperature, cloacal temperature 
and eyeball temperature), feed (FC) and water (WC) consumption and production responses (weight gain, feed conversion 
index and carcass yield) of the birds were evaluated. With the elevation of the AT, it could be noticed that the THI went 
from a thermal comfort condition to an emergency condition, where the birds lost part of their feathers, increased all physi-
ological responses evaluated, and consequently, reduced by 53.5% the amount of heat dissipated in the sensible form and 
increased by 82.7% the heat losses in the latent form, increasing also the WC. ATs of up to 32 °C did not significantly affect 
the productive performance and carcass yield of the guinea fowl.
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Introduction

Poultry meat has been one of the main protein resources used 
for human consumption in most regions of the world (Haven-
stein et al. 2003; Flock et al. 2005). However, high air temper-
atures place great restrictions on the development of the poul-
try industry, especially in the tropics and subtropics, which 

often provide extreme conditions (Khan et al. 2021), resulting 
in the inability of birds to maintain homeostasis, which can 
change the biochemical reactions of the birds, reducing feed 
intake and, consequently, feed efficiency, resulting in lower 
performance and productivity of these animals (Settar et al. 
1999; El-Deeb et al. 2000; Khan et al. 2011).

For the industrial exploitation of animals for zootechni-
cal purposes in these regions, it is often necessary to adopt 
acclimatization systems, which can, in some cases, make 
the activity unfeasible due to the increase in production 
costs. One of the ways to reduce expenses with equipment 
designed to maintain the temperature and relative humidity 
of the air in the desired ranges is to select species adapted to 
the local environment, so that their thermoregulatory tools 
are sufficient to maintain homeothermia, even in the face of 
climate adversities.
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It is of paramount importance to carry out research that 
investigates the influence of environmental variables on the 
thermodynamic aspects involving these animals and their 
influence on productive performance, in order to enable the 
intensive exploration of these animals, providing data that 
can effectively cause significant impacts on the develop-
ment of local livestock. Furthermore, birds are more sensi-
tive to high air temperatures than other monogastric animals 
due to their feather cover and the absence of sweat glands 
(Loyau et al. 2013).

Guinea Fowl are rustic birds, which can withstand the 
high air temperatures without major physiological and pro-
ductive damage (Marques et al. 2021), thus standing out as 
potential animals to be exploited in countries with a tropical 
climate, as is the case in Brazil. The Brazilian Northeast 
region has a predominantly semi-arid climate, typically hot 
and dry, with long droughts, in these regions the air tempera-
tures recorded throughout the day often exceed the upper 
limit of the thermal comfort zone of most farm animals 
(Lara and Rostagno 2013; Baracho et al. 2019), which makes 
it difficult to develop livestock activities in a competitive 
way, compared to other regions of the country and the world.

The conventional industrial production of broiler chicken 
is an activity that has high production efficiency, due to tech-
nological and genetic advances, consolidating Brazil as one 
of the largest producers in the world (ABPA 2018), which 
still does not occur in the rearing of guineafowl, mainly due 
to the inefficiency of the breeding systems adopted (Marques 
et al. 2021). One of the ways in which conventional indus-
trial producers have increased production efficiency is 

through the adoption of adequate confinement systems 
(Arruda et al. 2021), techniques that can be replicated to 
enable intensive exploitation of guineafowl.

Thus, this research aimed to evaluate the thermal 
exchanges, physiological responses, productive perfor-
mance and carcass yield of Guinea Fowl under thermoneu-
tral conditions and under thermal stress, confined in climatic 
chambers.

Material and methods

The procedures performed during this research were 
approved by the Research Ethics Committee of the Federal 
University of Campina Grande (UFCG), Paraíba, Brazil, 
Protocol CEP nº 020/2019.

Animals and housing

For the experimentation two climatic chambers were used 
(EOS®, TR-18, Minas Gerais, Brazil, temperature range of 
15.0–50.0 °C and precision of ± 1.0 °C) with dimensions of 
3.1 × 2.8 × 2.6 m in width, length and height, respectively, 
located in the Laboratory of Rural Constructions and Ambi-
ence, linked to the Academic Unit of Agricultural Engi-
neering of the UFCG, whose floor plan with the disposal 
of equipment and experimental boxes is detailed in Fig. 1.

Ninety-six not sexed chicks from Guinea Fowl 
(Numidia meleagris) at one day of age were acquired 

Fig. 1   Floor plan of the climatic 
chambers, with the arrangement 
of equipment and experimental 
boxes with the identification 
of the respective treatments. 
Abbreviations: B: experimental 
box, T26: air temperature 26 °C 
and T32: air temperature 32 °C
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from commercial hatcheries in the region, and the birds 
were vaccinated against Marek's disease, fowl pox, and 
infectious bronchitis. In the post-hatching phase, the birds 
were kept in an artificially heated environment, with 
an average temperature of 33 °C, which was gradually 
reduced until reaching the experimental air temperature, 
on the 15th day of life, when the birds were transferred 
to the experimental boxes, for adaptation to management 
and experimental diet.

The experimental period began at 21 days of life of the 
birds, where they were individually weighed and marked 
with plastic rings with different colors for their respective 
identifications, extending the experimental period from 
06/29/2019 to 09/06/2019, totaling a total trial period of 
70 days. During the experiment, birds were exposed to a 
period of 23 consecutive hours of lighting with one hour 
of darkness.

The birds were housed in eight experimental boxes 
with dimensions of 1.0 × 1.0x0.9 m in length, width and 
height, respectively, which were placed inside the cli-
matic chambers (Fig. 1), where the adopted housing den-
sity was 12 birds/m2, as recommended by Nahashon et al. 
(2009), for guinea fowl. All the boxes were equipped with 
tubular and pendular drinking fountains and the floor was 
made of porcelain and covered by a bed of wood shavings, 
which was replaced whenever necessary.

Experimental design

The birds were distributed in four experimental boxes 
located inside each climatic chamber, in a completely ran-
domized design, with two treatments (air temperatures), 
16 birds (four birds per experimental box) per treatment 
were evaluated to collect the physiological responses and 
carcass yield and 48 birds (12 birds per experimental box) 
to collect data on feed and water consumption and pro-
duction responses. The air temperatures adopted in the 
experiment were taken based on the comfort and thermal 
stress ranges for broiler birds proposed by Macari et al. 
(2002), namely: 26 °C (within the thermal comfort zone) 
and 32 °C (above of the thermal comfort zone) with an 
average relative humidity of 65 ± 5%.

During the entire experimental period, the birds 
received water and feed ad libitum, and the diets were 
formulated based on the recommendations of the national 
research council (NRC 1994) for broilers, where a diet of 
3,200 kcal/kg of energy is recommended. metabolizable 
and approximately 23, 20 and 18% crude protein in the 
initial, growth and final phases, respectively.

Environmental variables and bioclimatic index

The air temperature inside the climate chambers was con-
trolled through two controllers and digital temperature and 
relative humidity indicators (Full Gauge Controls®, MT-530 
PLUS, Rio Grande do Sul, Brazil, operating ranges from 
10 to 85% RH and from -10 to 70 °C) with serial commu-
nication to Sitrad® software. The controller received the 
average data of temperature and relative humidity of the 
air through a combined temperature and relative humidity 
sensor (Full Gauge Controls®, SB56, Rio Grande do Sul, 
Brazil, operating ranges from -10 to 70 °C AT, 10 to 85% 
RH, accuracy ± 5%), every 15 min, recording and control-
ling the air temperature so as to always remain in the desired 
control range (Setpoint), using the equipment detailed in the 
Fig. 1. The air humidifiers and dehumidifiers were deacti-
vated in the climatic chambers, so as not to interfere in the 
quantification of the energy balance between the birds and 
the environment air inside the climatic chambers, came from 
the evaporative thermal exchanges of the birds.

As environmental data, air temperature (AT), wet-bulb 
temperature (WBT), relative humidity (RH) and wind speed 
(WS) were collected. For the collection of AT and WBT, 
encapsulated temperature sensors DS18B20 (Maxim Inte-
grated™, DS18B20, California, United States, operating 
temperature range from -55 to 125 ºC, accuracy of ± 0.5 ºC) 
were used, where for the measurement of WBT the sensor 
bulb was wrapped with a cotton fabric and part of this fabric 
was submerged in a container with water to keep it always 
moist. RH was collected using DHT22 sensors (Guangzhou 
Aosong Electronic Co., Ltd., AM2302, Guangzhou, China, 
measuring range 0 to 100% RH, accuracy ± 2.0% RH).

For a better representation of the AT and WBT varia-
bles inside the climatic chambers, as a whole, four sets of 
DS18B20 sensors (with two sensors each set) were distrib-
uted in strategic positions, one set being positioned in the 
geometric center of each experimental box, to the approxi-
mate height of the bird's head and another set of sensors 
located in the geometric center of each climatic chamber (at 
an approximate height of 1.8 m), the AT and WBT being 
expressed as the average of the values verified in each posi-
tion. The data captured by the sensors were read and stored 
through a board based on an ATmega2560 microcontroller 
(Arduino®, Mega 2560, Italy).

The wind speed was collected using a Thermo-Higro-
Luximeter-Digital Anemometer (Lutron®, LM-8000, Penn-
sylvania, United States, temperature range measuring range 
from 0.4 to 30.0 m/s and Accuracy ± 3.0%), which was posi-
tioned to read the data in the central region of each of the 
experimental boxes (at the height of the birds' heads) and 
also in the geometric center of each of the climatic chambers 
at a height of 1.8 m, with the WS finally being expressed as 
the mean arithmetic of these values.
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The relative humidity of the air was monitored in two spe-
cific positions inside the climatic chambers, with a DHT22 
sensor being installed in each chamber near the air condi-
tioning outlet and another sensor of the same model near 
the exhaust, enabling the recording of the relative humidity 
of the air at the entrance and exit of the thermodynamic 
system (as well as the climatic chambers for this study were 
considered), respectively, to enable the estimation of latent 
thermal exchanges carried out between the birds and the 
surrounding environment.

For the estimation of thermal exchanges, the black globe 
temperature (BGT) was not collected, being replaced in the 
calculations by the air temperature, because the animals 
were housed in climate chambers, where the lighting was 
done with fluorescent lamps (cold) there was also a low air 
flow and solar radiation was effectively blocked and, in this 
situation, according to Li et al. (2009) the difference between 
BGT and AT can be overlooked.

The temperature and humidity index (THI) was calcu-
lated to quantify the levels of thermal stress experienced 
by the animals (24 h a day) for the entire experimental 
period, according to Eq. 1 proposed by Tao and Xin (2003), 
for birds. Based on the values found, the THI was classi-
fied according to the following ranges: < 27.8 = absence 
of thermal stress; 27.8–28.9 = moderate thermal stress; 
28.9–30.0 = severe heat stress and 30.0 or more = very severe 
heat stress (Sinkalu et al. 2015).

where,

THI	� temperature and humidity index;

AT	� air temperature (°C);

WBT	� wet bulb temperature (°C).

Thermal exchanges

The energy balance between the animals and the environ-
ment inside the climatic chambers was evaluated based on 
the total thermal energy exchanges (WT) per unit surface 
area of the birds, resulting from the sum of sensible (radia-
tion and convection) and latent heat exchanges.

Sensitive exchanges

To determine heat exchanges by sensitive means between 
the surrounding environment and the birds, per unit of body 
surface area, the model proposed by Turnpenny et al. (2000) 
was used, according to Eq. 2.

(1)THI = 0.85 ∗ AT + 0.15 ∗ WBT

where,

GS	� sensible heat exchanges between the birds and the envi-
ronment (W/m2);

CR	� heat exchange by convection (W/m2);

L	� heat exchange by radiation (W/m2).

Sensitive exchanges by conduction were not included in 
Eq. 2 as they are considered negligible (McArthur 1987). 
Convection heat exchanges were determined by Eq. 3, pro-
posed by McArthur (1987).

where,

CR	� heat exchanges by convection (W/m2);

ρ	� air density (kg/m3);
Cp	� specific heat of air (J/kg K);
rh	� resistance of the boundary layer to convection heat 

transfer (m2 K/W);
ST	� mean temperature of the bird's body surface (K);
AT	� air temperature (K).

The boundary layer resistance to convective heat transfer 
was calculated by Eq. 4 (Frank and Nelson 1967).

where,

rh	� resistance of the boundary layer to convection heat 
transfer (m2 K/W);

ρ	� air density (kg/m3);
Cp	� specific heat of air (J/kg K);
db	� average body diameter of birds (m);
k	� thermal conductivity of air (W/m K);
Nu	� Nusselt's number.

The calculation of the average diameter of birds, for each study 
period, was estimated by Eq. 5, proposed by Mitchell (1930).

where,

(2)Gs = CR+L

(3)CR=
�∗Cp

rh
* (ST − AT)

(4)rh =
� ∗ Cp∗ db

k ∗ Nu

(5)db = 0.131 ∗ P0.33
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db	� average body diameter of birds (cm);

P	� average weight of birds (g).
The Nusselt number was determined by Eq. 6, when con-

sidering the representation of the birds' bodies as spheres.

where,

Nu	� Nusselt's number;

Re	� Reynolds number;
Pr	� number of Prandtl.

The Reynolds number was obtained by Eq. 7.

where,

Re	� Reynolds number;

WS	� wind speed (m/s);
v	� kinematic air viscosity (m2/s);
db	� average body diameter of birds (m).

The thermal exchanges by longwave radiation were calcu-
lated using Eq. 8, proposed by McArthur (1987). Only long-
wave radiation was considered, since there is no incidence of 
solar radiation inside the chambers.

where,

L	� heat exchanges by radiation (W/m2);

ρ	� air density (kg/m3);
Cp	� specific heat of air (J/kg K);
Rr	� resistance of the limiting layer to heat transfer by 

radiation (m2 K/W);
ST	� body surface temperature (K);
Tr	� mean radiant temperature (K).

The resistance of the boundary layer to heat transfer by 
radiation was calculated by Eq. 9.

where,

(6)Nu = 2 + 0.4 ∗ R1∕2
e

+ R2∕3
e

P0.4
r

(7)Re =
WS ∗ dt

v

(8)L =
�∗Cp

Rr

*
(

ST − Tr

)

(9)Rr = � ∗ Cp ∗ (4 ∗ �s ∗ � ∗ T
3

M
)
−1

Rr	� resistance of the limiting layer to heat transfer by radia-
tion (m2 K/W);

ρ	� air density (kg/m3);
Cp	� specific heat of air (J/kg K);
ƐS	� emissivity of the bird feathers (0.94);
σ	� Stefan-Boltzmann constant (5.67*10–8 W/m2K4);
TM	� average temperature between ST and Tr (K).

The mean radiant temperature was obtained using Eq. 10, 
proposed by Silva (2000).

where,

Tr	� mean radiant temperature (K);

hc	� standard black globe convection coefficient;
BGT	� black globe temperature (K);
AT	� air temperature (K).

The standard black globe convection coefficient was cal-
culated by Eq. 11.

where,

hc	� standard black globe convection coefficient;

k	� thermal conductivity of air (W/m K);
d	� diameter of a standard black globe (0.15 m);
Re	� Reynolds number;
Pr	� number of Prandtl.

Prandtl's number was obtained by Eq. 12.

where,

Pr	� number of Prandtl;

ρ	� air density (kg/m3);
Cp	� specific heat of air (J/kg K);
v	� kinematic air viscosity (m2/s);
k	� thermal conductivity of air (W/m K).

(10)Tr =

[

1.053 ∗ hc

�
∗ (BGT − AT) + T4

bg

]0.25

(11)hc = 0.38 ∗ k ∗ d ∗ R0.6
e

∗ P
1

3

r

(12)Pr =
� ∗ Cp ∗ v

k



1242	 International Journal of Biometeorology (2023) 67:1237–1249

1 3

Latent exchanges

The process of loss of thermal energy through the evapora-
tion of water expelled by the respiratory tract of birds was 
considered as latent exchanges. To quantify the latent ther-
mal energy exchanges, the empirical relationship of Hel-
lickson and Walker (1983) was used, as described in Eq. 13, 
considering the climatic chamber as a thermodynamic sys-
tem, where mass and energy cross the boundary.

where,

E	� total heat exchanges by evaporation (W/m2);

ρ	� air density (kg/m3);
WS	� wind speed (m/s);
Wex	� partial vapor pressure of the exhaust air, estimated 

for the region close to the exhaust (kPa);
Wa	� partial vapor pressure of the inlet air, estimated 

for the region close to the air conditioning outlet 
(kPa);

�s	� latent heat of vaporization of water at the same 
temperature as the air on the surface of the res-
piratory tract of birds (2402 kJ/kg).

The partial pressure of water vapor present in the inlet 
and outlet air (Wa and Wex, respectively) was calculated by 
the product between the saturation pressure of the air (Ws) 
and the relative humidity of the air (RH) in each of the posi-
tions, respectively, according to Eq. 14.

where,

Wa	� partial vapor pressure of the inlet air (kPa);

Wex	� exhaust air partial vapor pressure (kPa);
Ws	� saturation pressure of water vapor (kPa);
RH	� relative humidity (%).

The saturation pressure of water vapor was calculated 
using the Tetens equation (Eq. 15).

where,

Ws	� saturation pressure of water vapor (kPa);

(13)E = � ∗ WS ∗
(

Wex −Wa

)

∗ �s

(14)Wa,ex =
Ws ∗ RH

100

(15)Ws = 0.6108 ∗ 10
7.5∗AT

237.3+AT

AT	� air temperature (°C).

Characteristic properties of air

The physical characteristics of the air were estimated using 
models, according to each air temperature evaluated, as sug-
gested by Silva (2000) (Table 1).

Table 2 shows the average values estimated of wind speed 
kinematic viscosity, density, thermal conductivity, specific 
heat, partial vapor pressure of the inlet air and of the exhaust, 
as well as the number Nusselt, Reynolds and Prandtl, for the 
two evaluated treatments.

Physiological responses

From each of the four birds selected and identified with plas-
tic rings, per experimental box, the following physiologi-
cal responses were measured weekly: respiratory rate (RR), 
mean body surface temperature (ST), cloacal temperature 
(CT) and eyeball temperature (ET).

The quantification of respiratory frequency was based on 
observation (without direct contact with the birds) and count-
ing of the pectoral movements performed by the birds, for a 
period of 20 s, and then these values were multiplied by 3, 
starting to be expressed in movements per minute (mov/min).

To determine the mean temperature of the body sur-
face (ST) of the animals, the temperatures in the regions 
of the back, below the wing, the head and legs of the birds 
were taken using an infrared thermometer with a laser sight 
(Instrutherm®, TI—870, São Paulo, Brazil, measuring range 
-50 to 550 ºC, reading accuracy ± 2%), positioned at a dis-
tance of approximately ten centimeters from the animals. 
With the surface temperatures of the parts of the animals 
duly registered, the ST of the birds was determined by 
Eq. 16, proposed by Richards (1971).

where,

ST	� average body surface temperature of birds (°C);

Twing	� temperature of the region below the wing (°C);
Thead	� head temperature (°C);
Tleg	� temperature of the leg (°C);
TBack	� temperature of the back (°C).

The cloacal temperature of the birds was measured using 
a clinical thermometer (Incoterm®, Termomed, Rio Grande 
do Sul, Brazil, temperature range 32.0–43.0 °C and accuracy 
of ± 0.1 °C), introduced in the animals' cloaca, up to the 

(16)
ST = (0.12 ∗ Twing) + (0.03 ∗ Thead) + (0.15 ∗ Tleg) + (0.70 ∗ Tback)
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stabilization of the reading. The temperature of the eyeballs 
of the animals was monitored by capturing thermograms of 
the eyeballs, using a thermographic camera (Flir®, TG-165, 
Oregon, United States, Measuring range: -25 to 380 °C, 
mediation resolution 0.1 °C, accuracy 1.5 °C), with adopted 
emissivity of 0.98 (Marques et al. 2021).

Zootechnical performance

During the experimental period, all birds were individually 
weighed each week. Food and water intakes were recorded 
daily, given by the difference between the amounts offered 
and the leftovers, and then the total feed and water con-
sumption (FC and WC, respectively) per bird was calculated, 
dividing the amount of feed and water consumed in a given 
period of time by the number of birds in each experimental 
box, thus obtaining the average intakes per bird.

The birds' body weight gain (WG) was calculated by the 
difference between the initial and final weight for each week 
of evaluation. The feed conversion index (FCI) was calculated 
by dividing the amount of food consumed in a given period of 
time by the weight gain in the same period, both expressed in 
the same mass unit.

When the guinea fowl reached the age of 90 days of life, 
they were submitted to a 24-h fast with free access to water 
and after that they were weighed, stunned and later slaugh-
tered by cutting the neck, where the four birds pre -selected 

in each experimental box were separated to obtain carcass 
yield data.

After 5 min of bleeding, each bird was scalded (at 
60 °C for 3 min), plucked, eviscerated and the head, 
neck, legs and giblets were removed. The carcasses 
of birds without giblets were weighed (CW) and later 
expressed as percentages of their live weights (LW), 
these values being considered as carcass yields (CY%). 
In addition, the yield of liver (LY%, without gallblad-
der), gizzard (GY%), heart (HY%), viscera (VY%) and 
feathers (FY%) were also measured of each bird and, 
after that, yield of each organ in relation to the live 
weight of the birds was calculated, which were also 
expressed as a percentage.

Statistical analysis

For a better presentation and analysis of thermal exchange 
data, physiological and productive responses of the ani-
mals, the experimental period was divided into three 
phases, namely: F1 (from the fourth to the sixth week of 
life); F2 (from the seventh to the tenth week of life); and 
F3 (from the eleventh to the thirteenth weeks of life). The 
productive responses (FC, WC, WG and FCI) were pre-
sented as daily means for each experimental phase evalu-
ated. In addition, the averages of the responses of the birds 
obtained when considering the entire experimental period 
were analyzed.

The mean values ± SD of THI, AT and RH were pre-
sented in scatter plots. The thermal exchanges, physi-
ological responses, productive responses and carcass 
yield of the evaluated birds were presented in tables as 
means ± SD of the data. For the analyses, the ExpDes.pt 
package (version 1.1.2, Ferreira et al. 2013, Brazil) of the 
statistical software R version 3.4.1 (R Core Team 2013) 
was used. The normality of the residuals and the homo-
geneity of the sample variances were tested using the 

Table 1   Determination of air characteristics for the different tempera-
tures evaluated (°C)

Air characteristics Equations Units

Kinematic viscosity v = 1.32909*10–5 + 9*10–8*AT (m2/s)
Density ρ = 1.289764–0.004111*AT (kg/m3)
Thermal conductivity k = 0.024324 + 6.2909*10–5*AT (W/m °C)
Specific heat Cp = 1005.524 + 0.033714*AT (J/kg °C)

Table 2   Mean values and 
standard deviation of the 
mechanical and physical 
properties of the air, in the 
evaluated treatments

Air characteristics Air temperatures (°C)

26 32

Wind speed (m/s) 0.50 ± 0.03 0.52 ± 0.03
Wet-bulb temperature (°C) 21.10 ± 0.48 27.31 ± 0.05
Kinematic viscosity (m2/s) 1.34*10–5 ± 0.00 1.30*10–5 ± 0.00
Density (kg/m3) 1.18 ± 0.00 1.16 ± 0.00
Thermal conductivity (W/m K) 0.03 ± 0.00 0.03 ± 0.00
Specific heat (J/kg °C) 1006.40 ± 0.01 1006.60 ± 0.00
Partial vapor pressure of the inlet air (kPa) 2.23 ± 0.05 3.36 ± 0.02
Exhaust air partial vapor pressure (kPa) 2.25 ± 0.05 3.39 ± 0.02
Nusselt number 11.32 ± 0.36 11.19 ± 0.34
Reynolds number 5397.67 ± 377.84 5344.06 ± 374.08
Prandtl number 0.64 ± 0.00 0.62 ± 0.00
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Shapiro–Wilk and Bartlett tests, respectively. To assess 
the effects of different air temperatures on the responses 
evaluated, the ANOVA and the F test were used, accord-
ing to the statistical model presented in Eq. 17. Tukey's 
test was used to compare means, with a probability of 
error of 5% (P < 0.05).

where,

yij	� observed value for the response variable obtained for 
the i-th treatment (air temperature) in its j-th repetition 
(animals);

µ	� constant effect (overall mean);
τi	� effect of treatment i on the observed value yij;
εij	� error associated with the i-th treatment in the j-th 

experimental unit.

Results

Climate variables

In the two climatic chambers used, the air temperatures 
were close to the pre-established values for the experi-
ment (Fig. 2), where average ATs of 26.1 ± 0.5 (within 
the thermal comfort zone) and 31.8 ± 0.6 °C (above the 
thermal comfort zone) were found, respectively, with 
small variations, more evident at times close to 6 p.m. 
The relative humidity of the air in the AT of 32 °C was 
above the pre-established RH, with an average value of 
71.6 ± 2.9% being recorded. At AT of 26 °C the animals 
were exposed to a mean THI value of 25.0 ± 0.6, this 
value going to 31.0 ± 0.4, when the animals were sub-
jected to treatment with 32 °C AT, an increase being 
observed percentage of approximately 24.0% in this 
index, when comparing the two air temperatures evalu-
ated (Fig. 2).

Thermal exchanges

The increase in air temperature significantly influenced 
(P < 0.05) the intensity with which the animals exchanged 
heat in both sensitive and latent forms (Table 3). It is 
observed that, with the elevation of AT, in the three phases 
evaluated, there was a significant reduction (P < 0.05) in 
the amount of heat dissipated by guinea fowl in the sensi-
tive form (reduction of 13.3, 47.1 and 53.0% in phases 
F1, F2 and F3, respectively), resulting in increased 

(17)yij = � + �i + �ij

thermal exchanges in the latent form (increase of 73.7, 
91.0 and 109.0%, respectively, for each of the evaluated 
phases). When considering the average values of thermal 
exchanges, for the entire experimental period, in the two 
ATs evaluated, it can be noted that the birds reduced the 
amount of heat dissipated in the sensitive form by 53.5%, 
and increased heat losses in the sensitive form by 82.7% 
latent form, when compared the air temperature of 26 °C 
with that of 32 °C.

Physiological responses

With the increase in air temperature from 26 to 32 °C 
there was a significant increase (P < 0.05) in respiratory 
rate (RR) of 23.9, 22.9 and 20.9%, in cloacal temperature 
(CT) of 0.5, 1.0 and 0.2 °C, in surface temperature (ST) 
of 5.2, 1.9 and 1.4 °C and in eyeball temperature (ET) of 
1.6, 2.1 and 2.0 °C, for the three phases (F1, F2 and F3) 
evaluated, respectively. When analyzing the mean val-
ues of physiological responses of birds during the total 
experimental period, it was possible to verify that there 
was also a significant increase (P < 0.05) of 22.9, 1.2, 
8.2, 6.0 and 17.9% in RR, CT, ST and ET, respectively, 
when comparing the air temperature of 26 with that of 
32 °C (Table 4).

Productive responses

At the highest air temperature, the birds consumed a 
greater (P < 0.05) amount of water, with a percentage 
increase in consumption of 5.6%, when considering the 
entire experimental period. When comparing the two 
air temperatures evaluated, there was no significant dif-
ference (P > 0.05) in the animal weight, feed consump-
tion, weight gain and feed conversion index responses 
of the birds. Among the different age groups of the 
birds, a considerable increase in the feed conversion 
index can be seen at the two air temperatures tested, 
with an increase of 138.9% in FCI when compared to 
phases F2 and F3 at an air temperature of 26° C and 
135.3% between phases F2 and F3 at an air temperature 
of 32 °C (Table 5).

Carcass yield

The increase in air temperature significantly influenced 
(P < 0.05) only in the percentage of feathers, which was 
lower in birds subjected to an air temperature of 32 °C 
(Table 6). The live weight, carcass weight, carcass yield, 
gizzard yield, heart yield, liver yield and offal yield were 
not significantly affected (P > 0.05) with increasing air 
temperature.
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Discussion

The fluctuations in the air temperature inside the climatic 
chambers during the period from 5 to 6 pm, at an air tem-
perature of 26 °C, possibly occurred due to the opening of 
the chamber for the handling of birds that occurred at that 
time, facts also found by Marques et al. (2018) in works 
developed in climatic chambers. At an air temperature of 
32 °C, the RH was higher compared to the AT of 26 °C, 
and this fact is due to changes observed in some physiolog-
ical processes of animals, such as the increase in respira-
tory rate, which has one of the consequences, the release 
of a greater amount of water vapor into the environment 
and, in addition, in the situation of higher TA, there was 
greater consumption of water by the birds, making feces 

and urine more liquefied, and the water contained in these 
residues when evaporated may also have contributed to the 
elevation of this variable.

Based on the THI values found in the treatment with AT 
at 26 °C, the guinea fowl were under thermal comfort envi-
ronmental conditions, passing to a situation of severe ther-
mal stress when the air temperature was raised to 32 °C, with 
average values of THI of 25.0 ± 0.6 and 31.0 ± 0.5, respec-
tively, for each AT. According to Sinkalu et al. (2015) THI 
values equal to or greater than 31 are considered emergency 
for broilers, as these animals, as well as guinea fowl, have a 
reduced amount of sweat glands and (Loyau et al. 2013), in 
this scenario, they need to raise the respiratory rate to dis-
sipate excess heat metabolic, thus reducing the productive 
efficiency to maintain homeothermia.

Fig. 2   Behavior of air temperature (AT), relative humidity (RH), and temperature and humidity index (THI) during the application of treatments: 
(a) AT of 26 °C; and (b) AT 32 °C

Table 3   Comparison of mean 
values for heat exchange by 
convection (CR), radiation (L), 
total sensitive (GS), total latent 
(E) and total heat exchange 
(WT), respectively, for the 
thermal conditions evaluated 
in each phase and in the total 
experimental period

F1 (phase 1): from the fourth to the sixth week of life; F2 (phase 2): from the seventh to the tenth week of 
life; and F3 (phase 3): from the eleventh to the thirteenth week of life. Averages followed by the same letter 
on the same column do not differ statistically from each other. The Tukey test was applied at the 5% prob-
ability level

Treatments Item F1 F2 F3 Mean

AT 26 °C CR (W/m2) 64.7 ± 15.7a 70.3 ± 10.8a 69.4 ± 5.7a 68.2 ± 9.3a
L (W/m2) 0.1 ± 0.0a 0.1 ± 0.2a 0.1 ± 0.0a 0.1 ± 0.0a
GS (W/m2) 64.8 ± 15.7a 70.4 ± 10.7a 69.5 ± 5.7a 68.2 ± 9.3a
E (W/m2) 31.9 ± 2.9b 25.9 ± 1.9b 23.5 ± 1.0b 27.1 ± 1.1b
WT (W/m2) 96.7 ± 16.6b 96.3 ± 12.4a 93.0 ± 4.6a 94.9 ± 9.4b

AT 32 °C CR (W/m2) 56.1 ± 6.9b 37.2 ± 3.3b 32.6 ± 2.9b 42.0 ± 3.7b
L (W/m2) 0.1 ± 0.0a 0.1 ± 0.1a 0.1 ± 0.0a 0.1 ± 0.0a
GS (W/m2) 56.2 ± 6.9b 37.3 ± 3.3b 32.7 ± 2.9b 42.0 ± 3.7b
E (W/m2) 66.6 ± 2.0a 55.4 ± 1.6a 49.5 ± 1.9a 57.2 ± 1.0a
WT (W/m2) 122.8 ± 7.5a 93.1 ± 7.9a 82.2 ± 10.7b 99.0 ± 7.3a

p-value CR (W/m2) 0.05 0.01 0.01 0.01
L (W/m2) 0.10 0.37 0.06 0.09
GS (W/m2) 0.05 0.01 0.01 0.01
E (W/m2) 0.01 0.01 0.01 0.01
WT (W/m2) 0.01 0.44 0.01 0.01
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When analyzing the behavior of heat exchanges between 
the guinea fowl and the surrounding environment, in view 
of the evaluated scenarios, it is observed that the birds sub-
jected to treatment with an air temperature of 26 °C dissi-
pated most of the excess metabolic heat in the sensitive way 
(71.9%), demonstrating that the animals were in conditions 
of homeostasis, due to the existence of a thermal gradient 
between the animals and the surrounding environment, 
promoting heat loss passively, and, consequently, reducing 
energy expenditure and need for evaporative cooling, which 
represented, in this situation, 28.1% of total heat exchanges.

At AT of 32 °C, the animals dissipated 57.8% of the 
excess metabolic heat in an evaporative way, an intensifi-
cation that took place through increased panting and gular 
vibrations, under these conditions the animals began to dis-
sipate a total of 57.2 W/m2 of heat metabolic by the respira-
tory tract, characterizing a condition of high thermal stress 
to animals, as this more than doubled the reference value 
for broiler chickens, which is in the range of 10 to 20 W/m2 
(Hutchinson 1954). Thus, it was observed that under condi-
tions of thermal stress the latent heat exchange mechanisms 
played the most important role in the control of homeo-
thermy in these birds.

Table 4   Means of the 
physiological responses: 
respiratory rate (RR), cloacal 
temperature (CT), surface 
temperature (ST) and eyeball 
temperature (ET) of the birds, 
for the thermal conditions 
evaluated in each phase and in 
the total experimental period

F1 (phase 1): from the fourth to the sixth week of life; F2 (phase 2): from the seventh to the tenth week of 
life; and F3 (phase 3): from the eleventh to the thirteenth week of life. Averages followed by the same letter 
on the same column do not differ statistically from each other. The Tukey test was applied at the 5% prob-
ability level

Treatments Item F1 F2 F3 Mean

AT 26 °C RR (mov/min) 71.0 ± 8.1b 56.8 ± 5.8b 50.3 ± 3.1b 59.3 ± 4.5b
CT (°C) 41.2 ± 0.3b 40.9 ± 0.2b 41.2 ± 0.2b 41.1 ± 0.2b
ST (°C) 32.0 ± 1.5b 34.7 ± 1.4b 35.8 ± 0.8b 34.2 ± 1.2b
ET (°C) 31.7 ± 0.8b 31.4 ± 0.8b 31.5 ± 1.0b 31.5 ± 0.8b

AT 32 °C RR (mov/min) 88.3 ± 2.9a 69.8 ± 2.7a 60.8 ± 2.8a 72.9 ± 2.8a
CT (°C) 41.7 ± 0.3a 41.9 ± 0.2a 41.4 ± 0.2a 41.6 ± 0.2a
ST (°C) 37.2 ± 0.7a 36.6 ± 0.4a 37.0 ± 1.7a 36.9 ± 0.9a
ET (°C) 33.3 ± 0.9a 33.5 ± 0.7a 33.5 ± 0.6a 33.4 ± 0.7a

p-value RR (mov/min) 0.01 0.01 0.01 0.01
CT (°C) 0.01 0.01 0.02 0.01
ST (°C) 0.01 0.01 0.01 0.01
ET (°C) 0.01 0.01 0.01 0.01

Table 5   Mean values of 
productive responses: animal 
weight (AW), feed consumption 
(FC), water consumption (WC), 
weight gain (WG) and feed 
conversion index (FCI), for the 
thermal conditions evaluated 
in each phase and in the total 
experimental period

F1 (phase 1): from the fourth to the sixth week of life; F2 (phase 2): from the seventh to the tenth week of 
life; and F3 (phase 3): from the eleventh to the thirteenth week of life. Averages followed by the same letter 
on the same column do not differ statistically from each other. The Tukey test was applied at the 5% prob-
ability level

Treatments Item F1 F2 F3 Mean

AT 26 °C WA (g) 453.47 ± 156.26a 1099.17 ± 264.22a 1609.56 ± 211.16a 1697.9 ± 214.3a
FC (g/dia) 66.47 ± 6.5a 91.10 ± 6.88a 120.44 ± 11.30a 92.67 ± 7.42a
WC (l/dia) 0.13 ± 0.02b 0.19 ± 0.01a 0.21 ± 0.01b 0.18 ± 0.01b
WG (g/dia) 20.83 ± 1.85a 26.39 ± 0.92a 16.95 ± 2.63a 21.39 ± 1.15a
FCI (g/g) 3.20 ± 0.28a 3.62 ± 0.2a 8.57 ± 0.29a 5.13 ± 0.11a

AT 32 °C WA (g) 457.97 ± 156.91a 1057.35 ± 276.44a 1575.45 ± 238.96a 1667.2 ± 232.7a
FC (g/dia) 65.58 ± 3.70a 84.56 ± 4.13a 108.93 ± 5.30a 86.35 ± 3.30a
WC (l/dia) 0.16 ± 0.03a 0.19 ± 0.01a 0.23 ± 0.01a 0.19 ± 0.01a
WG (g/dia) 19.85 ± 1.85a 25.91 ± 2.69a 16.35 ± 1.79a 20.70 ± 1.25a
FCI (g/g) 3.31 ± 0.10a 3.36 ± 0.34a 7.98 ± 0.32a 4.88 ± 0.36a

p-value WA (g) 0.52 0.44 0.74 0.50
FC (g/dia) 0.80 0.15 0.12 0.17
WC (l/dia) 0.03 0.72 0.02 0.05
WG (g/dia) 0.50 0.75 0.71 0.24
FCI (g/g) 0.40 0.23 0.42 0.44
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When numerically analyzing the behavior of heat 
exchanges in the guinea fowl, as a function of the age 
of the birds, it was observed that heat dissipation in the 
sensitive form tended to increase with age at 26 °C and 
to decrease when subjected to AT of 32 °C. Possibly this 
phenomenon occurred because in the first weeks of life 
the birds need an environment with air temperatures close 
to 32 °C (which has to be gradually reduced by 2 °C per 
week of life, until reaching the thermal comfort zone), to 
remain in thermal comfort situation.

At 32 °C AT, there was an average increase of 22.9% in 
RR when compared to 26 °C AT, evidencing the intensifica-
tion of respiratory movements and gular vibrations, as a ther-
moregulation tool. Panting is a physiological response of birds 
to adjust their body temperature through heat dissipation by 
evaporative cooling to maintain thermal homeostasis, under 
conditions of thermal stress (Oliveira et al. 2006), this situ-
ation induces body water imbalance, in addition to changes 
that accelerate the rate of metabolism, energy expenditure and 
the depletion of ATP (adenosine TriPhosphate) (Sverdlova 
et al. 2012; Khan et al. 2021).At the highest air temperature 
evaluated, the Guinea Fowl showed a significant increase 
(P < 0.05) in the cloacal and surface temperature in all exper-
imental phases, and this increase was due to the generation 
of endogenous heat and metabolic reactions, caused by the 
reduction of the thermal gradient between the temperature 
of the animals and that of the environment (Ribeiro et al. 
2018; Marques et al. 2021). The intensification of respira-
tory evaporative cooling was not enough to avoid the animals' 
hyperthermia caused by thermal stress, showing the difficulty 
that Guinea Fowl had to eliminate excess heat, resulting in a 
noticeable heating of their body core (Rizzo et al. 2017).It 
was found that guinea hens significantly increased (P < 0.05) 
the temperature of the eyeball in all experimental phases with 

the increase in air temperature and this response is due to the 
fact that the eye contains many innervated capillary channels, 
which elevate the blood flow due to activation of heat loss 
mechanisms by sensitive means to maintain homeothermy 
(Marques et al. 2018).

Between the two air temperatures evaluated, the vari-
ables final weight, feed consumption and weight gain did 
not differ statistically (P > 0.05), even with the animals 
showing an increase in respiratory rate, cloacal tempera-
ture and surface temperature. This similarity may be due 
to the fact that birds have adjusted their metabolism to the 
heat stress condition by physiological and heat exchange 
mechanisms (Lara and Rostagno 2013). These results infer 
that these birds are adapted to high air temperatures, being 
able to minimize the effect of heat stress, due to their slower 
growth compared to broilers, consequently producing less 
endogenous heat (Marques et al. 2021). The rapid acclima-
tization of guinea fowl to the highest AT made it possible 
to better use the energy resources available for metabolism, 
even under thermal stress conditions, maintaining their 
homeotherm, without causing a significant reduction in 
production (Zaglool et al. 2019).

At the highest air temperature, the birds consumed a 
greater (P < 0.05) amount of water, with a percentage 
increase of 5.6% and this increase occurs for the replace-
ment of water lost during the activation and use of evap-
orative cooling mechanisms, which were most used by 
birds subjected to treatment with AT of 32 °C, to maintain 
the hydrodynamic balance and prevent body overheating 
(Frumkin et al. 1986).

Among the different age groups of the birds, there was 
a considerable increase in feed conversion, regardless of 
the treatment to which they were exposed, with an increase 
of 138.9% between F2 and F3 at AT of 26 °C and 135.3% 
between F2 and F3 at AT of 32 °C, this possibly happened 
due to the deceleration in the growth rate, with a reduction 
in the daily weight gain with advancing the age of the birds, 
consequently, increasing the feed conversion index (Arruda 
et al. 2021). Bird growth follows the quadratic pattern, accel-
erated up to 49 days of age, which is a tipping point where 
a change in pattern occurs, in which birds reach the highest 
growth rate, starting to reduce this rate from this threshold 
(Santos et al. 2005), with a decrease in profitability, there-
fore, given the results presented in this research, it is intui-
tive to suggest that Guinea Fowl when reared in confinement 
should be slaughtered until the age that comprises the begin-
ning of the third experimental phase.

The increase in air temperature did not significantly 
affect (P > 0.05) the carcass yield (live weight and car-
cass weight) demonstrating the thermotolerance of 
guinea fowl to the studied environmental conditions, evi-
dencing its rusticity, even having the need to trigger the 
evaporative thermoregulatory physiological mechanisms 

Table 6   Means of the carcass yield response data: live weight (LW) 
and carcass weight (CW) and carcass yield percentages (CY%), giz-
zard (GY%), heart (HY%), liver (LY%), viscera (VY%) and feathers 
(FY%) in relation to LW, for the evaluated thermal conditions

Averages followed by the same letter on the same line do not differ 
statistically from each other. The Tukey test was applied at the 5% 
probability level

Item Air temperature (°C) p-value

26 32

LW (g) 1798.0 ± 157.0a 1746.0 ± 0.2a 0.63
CW (g) 1374.0 ± 90.0a 1349.0 ± 0.2a 0.76
CY% 75.4 ± 2.9a 78.7 ± 5.4a 0.25
GY% 2.0 ± 0.1a 1.9 ± 0.3a 0.51
HY% 0.5 ± 0.1a 0.5 ± 0.2a 0.62
LY% 1.3 ± 0.3a 1.3 ± 0.1a 0.91
VY% 10.3 ± 0.6a 11.4 ± 1.8a 0.24
FY% 10.7 ± 2.4a 6.2 ± 2.8b 0.05
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to maintain the thermoneutral situation. In addition, it 
should be noted that slow-growing bird species such as 
guinea fowl have high resistance to heat stress (Roushdy 
et al. 2018), a fact that is also corroborated by the results 
of the present research regarding organ yields (gizzard, 
heart, liver and viscera) that were also not affected by 
the increase in AT.

Finally, another answer that further evidenced the abil-
ity of guinea fowls to adapt to thermally stressful environ-
ments was the significant loss (P < 0.05) of the percentage 
of feathers in relation to the live weight of birds kept in an 
environment with air temperature of 32 °C, with the feathers 
acting as a thermal buffer between the animals and the sur-
rounding environment, and this reduction can accelerate the 
convective and radiative heat exchanges from the animals' 
skin surface to the environment (Wolf and Walsberg 2015), 
reflecting the acclimatization efficiency that these birds have, 
given a potential heat stress situation.

Conclusions

When guinea fowls were subjected to an air temperature 
of 32 °C, they needed to activate thermoregulation mecha-
nisms, a fact reflected by the increase observed in all physi-
ological responses evaluated and, in addition, the birds lost 
a significant part of their feathers as a way to facilitate ther-
mal exchanges. The birds reduced by 53.5% the amount of 
heat dissipated in the sensible form, and increased the loss 
of heat in the latent form by 82.7%, when compared the air 
temperatures of 26 and of 32 °C. Although the birds have 
redirected part of their metabolic energies to thermoregu-
lation in a situation of thermal stress, this did not affect 
their productive results nor their carcass and organ yield, 
showing that the guinea fowls have rusticity at high air 
temperatures and, in addition, they can be explored totally 
confined and without the need to use environmental vari-
able control equipment, in regions where the air tempera-
ture reaches 32 °C.

Data availability  The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.
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