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Abstract
The aim of this study was to assess the variation of physiological responses and mortality of day-old chicks subjected to different
thermal conditions and exposure times during simulated transport. For this purpose, day-old chicks (n = 900) were used and
subjected to simulated conditions of transport in a climate chamber. The experimental design was a completely randomized block
design, with the structure of the treatments in a 3 × 3 factorial scheme (thermal ranges and time intervals) and each level of
containers considered a block. The physiological variables used in this trial were body weight, respiratory rate, cloacal temper-
ature, average surface temperature, and gene expression of heat shock protein (HSP70). Regarding body weight, a small variation
was observed between treatments (P > 0.05). The animals subjected to the heat treatment exhibited respiratory rates above 100
movements per minute (P < 0.05), average cloacal temperatures above 44.7 °C, surface temperatures above the comfort zone
(greater than 39.6 °C; P < 0.05), and increased gene expression of HSP70 (P < 0.001), especially after 3 initial hours of exposure.
In addition, the heat treatment lead to increased mortality of the animals (over 6%). Also in the cold treatment, despite the absence
of mortality, the animals showed hypothermia from 3 h of exposure, based on the results of the average surface (28 °C) and
cloacal temperatures (39.6 °C; P < 0.05). In this way, the results imply that the effects of thermal stress caused by heat as well as
by cold in a simulated transport condition are increased when traveling for more than 3 h, indicating a trend of rising mortality
after long-term transportation of day-old chickens.
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Introduction

Thermal conditions during transport to farms are considered a
challenge to the thermal comfort of day-old chicks. Trucks

that transport the animals have great thermal heterogeneity
(Nazareno et al. 2015a, b), and this is unfavorable to the birds’
comfort because newly hatched chicks do not have effective
thermoregulatory systems (Mujahid and Furuse 2009a).
Therefore, the maintenance of body temperature becomes de-
pendent on the temperature of the environment. It has been
indicated that the temperature supplied to the chicks should
stay around 32–35 °C (Mujahid and Furuse 2009b;
Nascimento et al. 2013) so that the comfort and health of the
animals are preserved.

Day-old chickens kept at low temperatures have decreased
live weight, and this is visible in the first week of life (Moraes
et al. 2002). In addition, low temperatures can cause hypother-
mia, which is a triggering factor of pulmonary hypertension
syndrome (ascites) in chickens (Wang et al. 2012; Zeng et al.
2016). Temperatures above the thermal comfort zone are also
harmful to the animals. Heat stress may cause atrophy of lym-
phoid organs (Sahin et al. 2009), compromising the birds’
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immune systems. In addition, under heat the birds easily be-
come dehydrated and changes in physiological parameters
occur, such as increases in respiratory rate and in body tem-
perature (Jacobs et al. 2017).

In relation to the molecular aspect, thermal stress has as its
main result the accumulation of unfolded protein, which may
generate incorrect interactions between molecules and great
damage to the body (Staib et al. 2007). Therefore, after the
exposure of cells to high temperatures, the expression of genes
from the HSP (heat shock protein) family, which act as chap-
erones, generating proteostasis and thermal tolerance (Sahin
et al. 2012). Among the HSPs, HSP70 is one of the more
common proteins conserved and expressed during the period
of stress (Roushdy et al. 2018).

Despite this, little is comprehensively known about the
ideal conditions in relation to the commercial transport of
young birds (Nazareno et al. 2015a). Few studies have inves-
tigated the heat exchanges of day-old chicks in conditions of
transportation. Our hypothesis is that with increasing temper-
ature and travel time in a simulated transport, the birds will
exhibit changes in respiratory rate, average surface, and cloa-
cal temperatures, as well as in the gene expression of HSP70,
reduced body weight, and increased mortality. With this hy-
pothesis, the aim of this study was to assess the variation of
physiological responses and mortality of day-old chicks sub-
jected to different thermal conditions and exposure times dur-
ing simulated transport.

Methods

All procedures performed in this study were consistent with
the Brazilian legislation on animal welfare and met the proto-
col requirements of animal research of the Institutional
Animal Care and Use Committee of the University of São
Paulo.

For the development of this research, day-old chicks (n =
900) from a local commercial hatchery were used. The ani-
mals belonged to the Cobb 500 strain, were properly vacci-
nated and sexed, and originated from 41-week-old arrays. The
incubated eggs derived from the same batch of arrays, and
were kept in the same incubator and hatcher in the hatchery.
The birds were subjected to the treatments in a climate
chamber simulating the thermal environment of a transport
truck. Three evaluations were carried out, according to the
thermal comfort and heat ranges described by Gustin (2003)
and Lin et al. (2005) (Table 1).

In each treatment, the animals were exposed to three breaks
of exposure time (0, 3, and 6 h), according to Dionello et al.
(2002) and Shinder et al. (2007), and were kept in three con-
tainers (at different locations in a stack with five containers;
Fig. 1a). Three-hundred chicks were used in each treatment,
distributed in three stacked containers (top, middle, and

bottom), totaling 100 birds per box (Fig. 1b), simulating what
occurs in the transport truck.

To simulate the vibration of a truck’s load, the containers
were kept in a Marconi ® brand micromixers during exposure
to the thermal environment. The acceleration adopted in the
machine during all experiments was around 10 m s−2, accord-
ing to previous studies by Donofre et al. (2014).

For the physiological assessment, measurements in 300
chicks were taken up to 10 min after exposure to the heat
treatment of 0, 3, and 6 h. These measurements of the vari-
ables were taken in the same order each time so as not to
influence the physiological responses, as described next: re-
spiratory rate, weight, surface temperature, and cloacal tem-
perature. The respiratory rate (RR; mov min−1) was evaluated
by counting the number of abdominal movements carried out
by the chicks for 15 s, whichwas subsequentlymultiplied by 4
to obtain the measure in movements per minute. Body weight
was monitored using a semi-analytical scale, with 0.1-g pre-
cision. Cloacal temperature (CT; °C) was measured with a
type-T thermometer introduced in each chick’s cloaca until
its stabilization to obtain the temperature value. Surface tem-
perature (°C) was assessed by measuring the temperature of
the wing, head, leg, and back of each day-old chick using an
infrared thermometer. From these points, it was possible to
calculate the average surface temperature (MST; °C) through
the equation proposed by Nascimento (2010) for broilers of
the Cobb strain of 1 week old or less:

MST ¼ 3:47þ 0:11Twþ 0:10Thþ 0:15Tlþ 0:56Tb

where Tw is the temperature of the wing, Th is the temper-
ature of the head, TL is the temperature of the leg, and Tb is
the temperature of the back.

Mortality (%) was calculated as a descriptive analysis,
through the number of dead birds in relation to the total of
birds during the experiment and 1 day after the test, to verify
the retrospective effects of the combination of treatments. This
data was obtained separately for each treatment. To verify the
mortality of the day after, the animals were moved to the farm
in protection circles with heating, food and water ad libitum.

To confirm the answers obtained through other physiolog-
ical variables, the gene expression of the HSP70 protein was
studied. Various laboratory procedures were carried out to
qualify this expression. For the analysis of gene expression
in the treatment of thermal stress by heat, liver samples were

Table 1 Thermal comfort and stress ranges used in the experiments

Thermal ranges Temperature (°C) Relative humidity (%)

Heat stress 38 75

Thermal comfort 35 60

Cold stress 20 75
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extracted from five birds per treatment, totaling 45 chicks per
experiment (thermal comfort and stress). The samples were
immediately frozen in liquid nitrogen and stored at − 80 °C
for subsequent quantification of the expression. Total RNA
was isolated from the tissues according to the methodology
described by Chomczynski and Sacchi (1987). The cDNA
synthesis was carried out with the ImProm-II Reverse
Transcription System (Promega) Kit, following the manufac-
turer’s instructions.

Analysis of the expression of gene HSP70 and of the en-
dogenous control genes (EEF and MRPS27) was carried out
using the real-time quantitative RT-PCR methodology (qRT-
PCR), in a LightCycler 480 (Roche). Each reaction was pre-
pared with 2 μL cDNA in the dilution 1:10, 5.0 μL of SYBR
Green I Master 2X, and 0.25 μL of each primer (10 μM μL−1;
Table 2) in a final volume corresponding to 10 μL. The con-
ditions of the reaction for all pairs of primers were 95 °C
incubation for 2 min; 40 cycles of 95 °C incubation for 15 s,
59 °C for 20 s, and 72 °C for 15 s; and final extension of 72 °C
incubation for 5 s. Then, a PCR was carried out and 1.5%

agarose gel was applied for visualization of the amplified
product.

The analysis of the melting temperature for each of the
genes was carried out using the LightCycler 480’s software
(Roche), allowing for verification of the reaction quality, as
well as the absence of contaminants or the generation of non-
specific products. The melting temperature indicates the dis-
sociation of the double DNA strand with increasing tempera-
ture, and the product of the reaction is considered to be pure
when only one peak or temperature of melting is raised. At the
end of the reaction, the melting curve was determined to be
between 75 and 95 °C for each gene. In this evaluation, the
HSP70 protein gene exhibited specific amplification at 86 °C.

Gene expression results were generated and registered as Ct
(cycle threshold) values. Ct refers to any PCR cycle in which
the sample reached fluorescence above the initial level. That is,
the higher the gene expression is, the earlier detection through
fluorescence will occur and the lower the Ct value will be
(Pfaffl 2001; Marchesin 2008). With this method, the measure
evaluated through the mixed models was the Ct of HSP70’s

Table 2 Gene, identification in
the database, sequence of primers
designed, and size of the flanked
region

Gene GenBank ID Primer Size (pb)

HSP70 423504 Sense: 5′AAGCGTAACACCACCATTCC3′

Anti-sense: 5′GCCCTCTCACCTTCATACACC 3′

101

EEF 373963 Sense: 5′TTCCACTGAGCCACCTTACA3′

Anti-sense: 5′GGTAACCTTCCATCCCTTGA3′

184

MRPS27 427216 Sense: 5′GCTTGTTCTTGCTCCCACTC3′

Anti-sense: 5′TAACCCTGACCACCCAACTC3′

102

Fig. 1 Containers stacked on themicromixer in the climate chamber (a) and arrangement of containers with chicks interspersed with empty containers in
experiment (b)
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gene expression. These values were analyzed using the REST
2008 program (Relative Expression Software Tool 2008).

Before the normalization of data, all Cts were corrected for
2.0 efficiency for subsequent correction of the Ct value of the
target gene, using the geometric mean of constituent genes
MRPS27 and EEF1. For the real-time PCR to be reliable
and reproducible, the amplifications must be near 100% effi-
ciency at each reaction cycle. This value ranges from 1.0
(minimum value) to 2.0 (maximum and optimal value), indi-
cating the duplication of the region of interest at each ampli-
fication cycle and corresponding to 100% efficiency
(Meijerink et al. 2001; Pfaffl 2001). In this study, the genes
showed an efficiency value of 1.99. This process was done to
correct possible variations in the data measured through the
quantitative RT-PCR technique and generated during the ex-
traction of total RNA, cDNA synthesis, or quantification
(Ninov 2010).

A descriptive analysis was performed using means and
standard deviations for the factors assessed, for visualizing
the dispersion and central trend of the measures studied. A
percentage approach was used for mortality data. The plot
structure used in this work was completely randomized block
design, with structure of the treatments in a 3 × 3 factorial
scheme (thermal ranges and time intervals) and each level of
containers considered a block. For the confirmatory statistical
analysis, an analysis of variance followed by Tukey’s test for
multiple comparison of averages was conducted to find pos-
sible differences between the treatments in relation to body
weight, respiratory rate, cloacal temperature, average surface
temperature, and gene expression of protein HSP70. These
analyses were performed using the SAS 9.2 statistical soft-
ware (SAS Institute 2009).

Results

In Table 3, it is possible to observe the variation trend of the
factors among the treatments throughout the duration of

exposure, with the exception of the comfort treatment, which
remained constant among the time intervals for most vari-
ables. In addition, the body weight of the day-old chicks var-
ied very little.

During the heat treatment, there was significant increase in
the first 3 h of stress for the respiratory rate, average surface
temperature, and cloacal temperature variables. In the follow-
ing 3 h there was stabilization of the animals’ stress; however,
the values of the factors involved in thermoregulation
remained high. In the comfort treatment, despite the low ex-
pected variability over time, there was a change in the initial
3 h, a difference of about 1.5 °C in the cloacal temperature
having been observed between 0 and 3 h. In the cold stress
treatment, the greatest variation occurred in average surface
temperature, which resulted in a 7.1 °C difference between
time intervals 0 and 3.

Figure 2 illustrates the variation in cloacal temperatures
among the different treatments and highlights the sharp in-
crease after 3 h during the heat treatment, followed by the
situation of comfort.

Even in the situation of comfort, cloacal temperature in-
creased by approximately 1 °C, followed by stabilization of
the curve after 6 h. During the cold treatment, cloacal temper-
ature reduced about 1.7 °C below the comfort threshold
(41.1 °C). In the heat, the birds exceeded the comfort thresh-
old by 3 °C, which indicates a possible case of acute hyper-
thermia, from which significant increase in mortality was ob-
served (Table 4).

In the heat stress treatment, 49 deaths were recorded in all,
which corresponds to the highest concentrated number after
3 h of exposure to the thermal environment.

According to the analysis of variance for the variable respi-
ratory rate, there was interaction between the heat treatments
and time intervals (P < 0.05). Through the result of the inter-
action it may be noted that, in the heat, there was significant
increase in respiratory rates after 3 h, followed by a sharp
reduction, while in the cold, the rate remained constant after
3 and 6 h (Table 5).

Table 3 Mean and standard
deviation for the variables:
respiratory rate (RR), weight,
mean surface temperature (MST),
and cloacal temperature (CT) in
relation to thermal treatments and
exposure time

Ranges Time (h) Variables

RR (mov. min−1) Weight (g) MST (°C) CT (°C)

Heat 0 50 ± 5 48.1 ± 2.6 34.7 ± 0.6 40.9 ± 0.5

3 150 ± 12 47.8 ± 4.9 39.7 ± 0.5 44.7 ± 0.4

6 107 ± 20 45.4 ± 3.3 39.5 ± 0.5 43.9 ± 0.6

Comfort 0 53 ± 5 46.5 ± 2.6 34.7 ± 0.7 41.3 ± 0.5

3 54 ± 6 44.5 ± 4.5 37.6 ± 0.6 42.7 ± 0.6

6 54 ± 7 45.1 ± 3.2 37.6 ± 0.5 42.7 ± 0.8

Cold 0 48 ± 3 45.7 ± 3.2 35.1 ± 0.5 41.4 ± 0.3

3 38 ± 5 46.8 ± 3.3 28.0 ± 1.0 39.6 ± 0.8

6 39 ± 5 45.5 ± 3.8 27.5 ± 0.9 39.4 ± 0.3
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In relation to the animals’ body weight, there was no sig-
nificant adjustment of the analysis of variance for this variable
(P > 0.05), with little variability among treatments.

According to the analysis of variance adjusted to the aver-
age surface temperature, there was interaction between ther-
mal ranges and time intervals (P < 0.05). With respect to the
result of the interaction shown in Table 6, it is possible to note
a significant change in stress after 3 h for all thermal ranges.
However, the change between time intervals 3 and 6 was not
significant. Despite the difference between time 0 and the
other times in the position of comfort, the increase was mild
compared to the cold treatment, which resulted in the greatest
difference between the control situation and 3 h after exposure
to the environment.

According to the analysis of variance for cloacal tempera-
ture, interaction between thermal ranges and time intervals
was observed (P > 0.05). Through the result of the interaction
between thermal treatments and time intervals in relation to
cloacal temperature, it was found that there was significant
difference between containers in all treatments. During the
cold stress and comfort treatments, no differences between
time intervals 3 and 6 were registered (Table 7).

In relation to the analysis of variance of HSP70’s gene
expression held in the comfort and heat stress experiments,
it was possible to observe that there was an increase in the

expression of gene HSP70 during the exposure time. In the
thermal comfort treatment, there was a suggestive effect of
time on Ct (P < 0.1), and in the thermal stress treatment there
was a highly significative effect (P < 0.05) on the increase of
gene expression.

When performing the Tukey-Kramer test within the time
variable for the heat stress treatment, it was possible to ob-
serve that there was a significant difference in time intervals 3
and 6 in relation to time 0. However, there was no difference
between time intervals 3 and 6 themselves (Table 8).

Discussion

The respiratory rate of the birds is subject to more changes
when they face a situation of heat stress, which forces the
mechanism of heat loss through respiratory evaporation.
However, according to the increase in the intensity of stress
in relation to time, high respiratory rate ceases to be an effi-
cient process due to its inability to keep the internal tempera-
ture within the physiological limits of stress long enough.

According to Yahav (2015), as the internal temperature of
the bird rises, the respiratory rate also increases until it reaches

Fig. 2 Variations in cloacal
temperature in relation to thermal
treatments and exposure time
intervals. Average value of
comfort represented by the red
line

Table 5 Mean values of the interaction between time intervals and
thermal ranges in relation to respiratory rate (mov min−1) of day-old
chicks

Time intervals Thermal ranges

Heat Comfort Cold

0 50 aC 51 aA 48 aA

3 150 aA 54 bA 38 cB

6 107 aB 54 bA 39 cB

Means with different letters (uppercase in the columns and lowercase in
the rows) differ among themselves by Tukey’s test (P < 0.05)

Table 4 Number of dead chicks (% per container) over time in the
respective containers for each heat treatment performed in the climate
chamber

Ranges Heat Comfort Cold

Time (h) 0 3 6 0 3 6 0 3 6

Container 1 0 1 (1%) 0 0 0 0 0 0 0

Container 2 0 9 (9%) 5 (6%) 0 0 0 0 0 0

Container 3 0 18 (18%) 16 (20%) 0 1 (1%) 0 0 0 0
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a peak, from which there is a decline. For this reason, in the
heat treatment, the respiratory rate peaked after 3 h; however,
after 6 h, this variable declined. According to the same au-
thors, this sudden reduction is an effect of respiratory alkalosis
caused by hypocapnia (reduction in the blood level of carbon
dioxide) that causes vasoconstriction and reduced oxygen
levels in the blood (hypoxia).

The body’s response to it is the reduction of lung hyper-
ventilation caused by high respiratory rate, followed by in-
creased mortality due to the irreversibility of the process of
acid-base imbalance. However, despite being the treatment
with the highest mortality rates when compared with the cold
and comfort treatments, most of the animals survived heat
treatment. However, there is another possible explanation for
this change in respiratory rate related to acclimatization, which
will be discussed further through the analysis of cloacal
temperature.

In the cold treatment, there was a decrease in respiratory
rate after 3 h of exposure, the normal values for the species
and age group being 48 mov min−1 according to Nascimento
et al. (2012). The possible explanation for this is that neonatal
chicks exposed to low room temperatures (20 °C) demonstrate
a state of hypothermia, thus reducing their activity (Mujahid
and Furuse 2009b). According to these authors, the chicks
adopt, in cold environmental conditions, sleep posture (stand-
ing still with eyes closed). This can reduce the production of
heat, making them even more sensitive to the cold.

During the situation of cold, the surface temperature of the
areas of the birds without thermal insulation decreases with
the reduction in room temperature (Mujahid and Furuse
2009a). This explains the rapid decline between time intervals
0 and 3 highlighted in Table 5. However, the non-significative
effect between time intervals 3 and 6 can be explained by the
animals’ behavior of huddling together, which substantially
reduces the sensitive loss of heat to the environment. This
increases the chances of maintaining the interior temperature
of the animal’s body at homeostasis levels.

In addition, the cold treatment resulted in the greatest sur-
face temperature difference between the control situation and
3 h after exposure to the environment. This was due to these
birds’ thermoregulation capacity being ineffective. Also, day-
old chicks are susceptible to losing heat to colder environ-
ments (Zeng et al. 2016).

In the heat, with the temperature rise, the birds try to dissi-
pate thermal energy through sensitive means (conduction,
convection, and radiation). However, when the room temper-
ature approaches the birds’ body temperature, which in this
situation is between 41 and 43.5 °C, the efficiency of the
sensitive means of heat exchange is reduced, and with it, the
birds resort to the respiratory evaporation cooling mechanism
of a high respiratory rate (Mujahid et al. 2007). This explains
the stabilization of surface temperature between 3 and 6 h in
this study. In addition, studies with chicks subjected to high
temperatures tend to keep their surface temperatures similar to
room temperature (Nazareno et al. 2016).

The variation in cloacal temperature was very similar to the
average surface temperature, which was expected because the
indicators of thermoregulatory mechanisms in the body vary
according to internal temperature.

In relation to the heat treatment, cloacal temperature
reached 44 °C after 6 h of exposure, indicating severe stress
levels for these animals. In the cold, little change was ob-
served over time.

In simulated transport conditions, Silva et al. (2007) report-
ed increased mortality from a cloacal temperature of 46.3 °C.
As the day-old chicks do not have developed thermoregulato-
ry mechanisms, they become more vulnerable to thermal
stress, easily surpassing the irreversibility zone. This in turn
leads to increasedmortality, found in the heat treatment, which
had the highest rates.

Another important effect observed in the heat treatment
between time intervals 3 and 6 refers to the reduction in clo-
acal temperature for the animals evaluated. According to
Yahav (2015), acclimatization is the modification of physio-
logical responses through induction for the control of specific
bioclimatic factors. The same authors showed that this adap-
tive response to stress over time is characterized by an initial
increase in body temperature, followed by a decline. In this
way, the variations in cloacal temperature and respiratory rate
can be explained by this adaptation of the chicks, as well as

Table 6 Mean values of the interaction between time intervals and
thermal ranges in relation to the mean surface temperature (°C) of day-
old chicks

Time intervals Thermal ranges

Heat Comfort Cold

0 34.7 aB 34.7 aB 35.0 aA

3 39.6 aA 37.6 bA 28.0 cB

6 39.4 aA 37.6 bA 27.5 cB

Means with different letters (uppercase in the columns and lowercase in
the rows) differ among themselves by Tukey’s test (P < 0.05)

Table 7 Mean values of the interaction between time intervals and
thermal ranges in relation to the cloacal temperature (°C) of day-old
chicks

Time intervals Thermal ranges

Heat Comfort Cold

0 40.9 aC 41.3 aB 41.4 aA

3 44.7 aA 42.7 bA 39.6 cB

6 43.9 aB 42.7 bA 39.4 cB

Means with different letters (uppercase in the columns and lowercase in
the rows) differ among themselves by Tukey’s test (P < 0.05)
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due to their being irreversible processes of hyperthermia asso-
ciated with high mortality in this environment.

For the cold treatment, cloacal temperature decreased
sharply between 0 and 3 h of exposure. Dahlke et al. (2005)
found that chickens raised at temperatures below the thermal
comfort zone had reduced cloacal temperatures. This is be-
cause the environment has a direct influence on the animals’
body temperature, and chicks are susceptible to losing heat to
cold environments through the sensitive loss of heat. In addi-
tion, chicks in their first days of life do not have an effective
thermoregulatory system; that is, their thermal responses are
not able to raise their body temperature. For this reason, ac-
cording to Mujahid (2010), day-old chicks in the early stages
can be considered poikilotherms; that is, their body tempera-
ture is largely dependent on the room temperature due to the
immaturity of their thermoregulatory systems.

In the evaluation after 6 h of cold treatment, cloacal tem-
perature remained low and similar to what was verified after
3 h. In this way, despite the animals having being subjected to
thermal stress by cold, the physiological and behavioral
changes were able to stabilize their body temperature after
6 h of exposure to this condition. Also, mortality rates were
lower in this treatment than in the heat treatment, showing that
for day-old chicks, the excess heat is more detrimental than
cold.

As already reported, the chicks’ behavior of huddling to-
gether is a factor that helps stabilize temperature after 6 h of
exposure to the cold, since this behavior reduces heat ex-
changes with the environment.

Heat shock proteins (HSP) are used as physiological vari-
ables to measure the thermal condition of farm animals, i.e., to

determine the animals’ stress and comfort levels. These pro-
teins are thus responsible for protecting the cells from damage
caused by stress. Whenever the cells are subjected to high
temperatures, there is rapid production of this class of pro-
teins, with HSP70 having great importance in the cellular
metabolism of stressed cells (Song et al. 2017).

The results of the samples in agarose gel (Fig. 3) of this
study corroborate the results of Vinoth et al. (2015), the am-
plified product detected having been considered in a reason-
able quantity for the analysis of the gene expression of
HSP70.

In the heat stress group, when time intervals 3 and 6 were
compared with time 0, a significant increase in the gene ex-
pression of HSP70 occurred. For this reason, it is possible to
affirm that the heat environment increases the expression of
this protein. Al-Zghould et al. (2015), according to whom the
thermal manipulation of the environment increases the expres-
sion of HSP70 especially when thermal stress by heat is in-
duced, also reported this.

Still in the heat treatment, the results are in line with the
responses found through the respiratory rate, average surface
temperature, and cloacal temperature. That is, between time
intervals 3 and 6 there was no significant increase in gene
expression, possibly due to a mechanism of adaptation to
stress in the birds, as previously explained.

This piece of evidence contradicts the results obtained by
Dionello et al. (2002), who concluded that there was no re-
sponse in the HSP70 expression, representing a mechanism of
adaptation to heat stress. However, the temperature ranges and
exposure times used by the authors were different from those
used in this study. Concomitant to this, Roushdy et al. (2018)

Table 8 Tukey-Kramer’s
analysis to evaluate the difference
between time intervals of heat
exposure in the expression of
gene HSP70

Comparison between time (h) Estimate Standard error G.L. T value P value

0 3 5.19 1.12 38 4.62 0.0001

0 6 6.19 1.10 38 5.61 < 0.0001

3 6 1.00 1.10 38 0.91 0.6391

Fig. 3 The 1.5% agarose gel
stained with GelRed. 1—Low
DNA Mass Ladder Standard and
2 to 8—samples of amplified
products of the HSP70 gene
(101pb)
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report that the role of HSP70 as a mechanism for the chicks to
acquire thermotolerance or to adapt to a thermally manipulat-
ed environment is not fully understood. They also state that
there are many contradictions associated with these mecha-
nisms in the research conducted.

In the comfort treatment, the expression of gene HSP70 did
not increase over the exposure time. That is to be expected,
since this gene is expressed under adverse conditions of ther-
mal stress by heat.

Typically, the concern with thermal stress caused by high
temperatures is greater in the transportation of adult chickens,
whereas the practical concern in the animals’ first days of life
is with lower temperatures. The results of this stage showed
that the effects of thermal stress by heat are worrisome. It was
also possible to see the influence of time, variations in the
responses to this variable having occurred after 3 h of
exposure.

Conclusion

In this way, the results imply that the effects of thermal stress
caused by heat as well as by cold conditions in a simulated
transport increase when traveling for more than 3 h, indicating
a trend of rising mortality after long-term transportation of
day-old chickens.
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