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ABSTRACT: This study aimed to evaluate the thermal gradients between the container
environment and the interior of chick boxes and mean surface temperature of broiler chicks during
transportation on different shipments. The research was conducted in the state of Sdo Paulo, Brazil,
with the accompaniment of nine shipments with different density boxes, using an acclimatized truck
with an average capacity of 380 boxes. It was selected 14 chick transportation boxes on each
shipment and, subsequently, five chicks per box. It was measured the mean surface temperature of
chicks (MST) in shipment (loading and unloading) by using an infrared thermometer. In the
container microclimate assessment (center and inside chick boxes), it was recorded the air
temperature (T), relative humidity (RH) and specific enthalpy (h). For this, 17 data loggers were
placed one per box (14) and three along the container. The experimental design was the completely
randomized ina 9 x 2 factorial scheme. It was found that there are two microclimates in the chick
loads, being the highest averages of T, RH and h observed inside boxes. The highest values of MST
occurred during the unloading of chicks. It was also observed that the chicks have undergone
thermal stress during transportation.

KEY WORDS: ambience, pre-farm gate practices, poultry production, acclimatized truck, live
load.

INTRODUCTION

Shortly after hatching, day-old chicks are transported to poultry farms and during this process
are subjected to different transport conditions that can harm their welfare, as well as their
productive performance. Acclimatized trucks used in poultry production have a great thermal
heterogeneity and inadequate ventilation in the container environment (QUINN & BAKER, 1997;
NAZARENO et al., 2015a). The load density of one-day chick varies according to the supply and
demand of the hatchery and may exceed 60,000 chicks transported in the same container, increasing
the thermal pockets at different load points (NAZARENO et al., 2015a, 2015b).

According to MARQUES (1994), the ideal air temperature and relative humidity for chick
transportation varies from 22 to 31 °C and 50%, respectively, with equivalent air renewal of 30 m®
1,000 chicks* hourt. NAZARENO et al. (2015a, 2015b) identified several thermal pockets along
the truck container that transport chicks using the variable records air temperature and relative
humidity inside boxes. However, these authors did not evaluate the thermal gradient between the
two load environments. In addition, it is not known the consequences of this gradient on the chick
physiological responses, such as the mean surface temperature.

YAHAYV et al. (2009) and NASCIMENTO et al. (2014) observed the microclimate influence
of raising poultry farms (air circulation, relative humidity and air te mperature) on the maintenance
of body temperature in broiler chickens. According to MARCHINI et al. (2007), ABREU et al.
(2012) and NASCIMENTO et al. (2013), the ideal mean surface temperature of day-old chicks
ranges from 31.6 to 36.9 °C. The surface temperature of chicks is similar to the ambient
temperature, which explains the reduced ability for chicks in losing thermal energy in a sensible
form at elevated temperatures (LIN et al., 2005; NAAS et al., 2014). However, some studies have
shown that the existing thermal gradient between the body surface temperature and the air
temperature in cold condition are considerably extended due to the day-old chick low
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thermoregulatory capacity and its ease in losing thermal energy to a cooler environment (GUSTIN,
2003).

Aiming at improving the thermal efficiency of trucks that transport chicks, it is important to
consider the two microclimates in the container (total and inside boxes) and relate them to some
chick physiological variable. In response, it will minimize the container thermal heterogeneity, a
better thermal comfort for the chick and the reduction of pre-farm gate losses (chick culling,
diseased animals, loss of body mass in the first three weeks of life and mortality).

Given this issue, the aim of this study was to evaluate the thermal gradients between the
container environment and the interior of chick boxes and the mean surface temperature of broiler
chicks during transportation on different shipments.

MATERIAL AND METHODS

The research was conducted in a poultry hatchery of an integrated company located in Séo
Paulo State, Brazil, with latitude of 22° 25° 55” S, longitude of 46° 57’ 28” W, altitude of 632 m
and atmospheric pressure of 761.98 mmHg. The experimental period was three months, with the
accompaniment of nine shipments of day-old chicks during the spring and summer seasons.

In all shipments was used the same container truck, model Volkswagen Constellation 26370,
6 x 4 tractor, 8 m long, 2.5 m wide and 2.5 m high, with two axes. The truck body was coated
internally and externally with aluminum, with thermal insulation of expanded polyurethane. The
doors were made of three layers of stainless steel, fully sealed. Inside, there were three rows
(central, left and right sides) with spacing of 0.7 m. The sides were longitudinally divided with 2
shelves, with approximate vertical spacing of 0.81 m from each other.

Sensors controlled the truck internal temperature, ventilation, and humidity. A centrifugal
humidifier or pressurized air nozzles, controlled digitally by an electronic system located in the
truck cabin, carried out internal humidification. Thermal control was programmed for a temperature
between 23 and 25 °C and relative humidity between 60 and 70%. The truck’s acclimatized system
was located in front of its body shell, with part of the air circulation distributed through floor vents
and air vents (ventilation) located in the openings of the body shell roof (truck ridge vent). It is
noteworthy that the acclimatized system was only activated when the truck was in moving.

The boxes used for the chick transportation had 42 cm wide, 57 cm long, 15 cm high and
thickness of 2.5 mm. These boxes were provided with 26 ventilators of 1 cm wide and 6.5 cm high
around. Under normal conditions of transport, these boxes were stacked considering their density
and the company’s transportation logistics; the last one received a perforated lid to facilitate a
minimum air circulation towards the animals during shipment.

Truck carrying capacity was of approximately 380 boxes, with 100 chicks each, and
distributed among container rows (Figure 1). However, the study shipments presented different
densities of chick boxes (1 =450, 2 =470, 3 =450, 4 =420, 5 =420, 6 = 360, 7 = 240,8 = 308, 9 =
300). It is worth emphasizing that each load presented a differentiated distribution of data loggers,
as the distribution of lots established by the company (transport logistics), and it could not be
changed.
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FIGURE 1. Acclimatized transport truck loaded (A) and day-old chicks box (B).

On each shipment, 14 chick boxes of the Cobb Fast strain were selected and five chicks were
randomly collected from each of them during shipment (loading and unloading) in order to measure
the body surface temperatures (head, back, wing and paw). A Fluke brand infrared thermometer
was used, obtaining the mean surface temperature (MST) for the first week of raising, according to
[eq. (1)] proposed by NASCIMENTO et al. (2013):

MST=0.10*th+ 0.56*th+0.11*tw + 0.15 = tp + 3.7 (1)

where,
th is the head surface temperature (°C);
tb is the back surface temperature (°C);
tw is the wing surface temperature (°C), and

tp is the paw surface temperature (°C).

To characterize the thermal environment, the thermal variables air temperature (T, °C) and
relative humidity (RH, %) were recorded by using 17 data loggers Onset, model Hobo®. It was
added a data logger inside each of the 14 chick boxes selected on each shipment, which were
randomly distributed throughout the container. Furthermore, three data loggers were positioned at
the center of the container (central measurements). The equipment was programmed for recording
the data at 10- minute intervals.

The average local values of temperature, relative humidity and atmospheric pressure (761.98
mm Hg) were used to calculate the specific enthalpy (h, 1 kJ kg™* dry air) by using the equation
proposed by RODRIGUES et al. (2011).

The experimental design for evaluating the microclimate of the container consisted of a
structure of completely randomized plots and as treatment structure was adopted the factorial
scheme 9 x 2 (shipments and central and internal box measurements), in which the repetitions were
the records of time intervals of each shipment.

For the variable MST, the experimental design was the completely randomized in a 9 x 2
factorial scheme (shipments, loading and unloading), with five repetitions (chicks). In the statistical
analysis of the container, microclimate was used generalized linear models (MOLENBERGHS &
VERBEKE, 2005). In order to compare the means, it was used the F test at 0.05 probability level. It
was also carried out a Pearson correlation at 0.05 probability level for microclimate variables and
mean surface temperature of chicks during transportation.

All the statistical analyses were performed using the statistical software SAS (SAS, 2010).

RESULTS AND DISCUSSION

By means of the slicing interaction of shipments and container measurements (central and
inside boxes) for the variable air temperature, it was possible to detect that there was a statistical
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difference (P<0.0001) between shipments and the two container environments where the chicks
were transported (Table 1).

TABLE 1. Measurements of air temperature (T) in different container environments and shipments,
with their respective gradients.

Measurements of T (°C) in the container .
Temperature gradients

Shipments environment (°C)
Central Inside the boxes

1 31.0Bb 33.1Ca 2.1

2 23.3 Gb 29.1 Ga 5.8

3 26.0 Fb 31.1Ea 5.1

4 32.2 Ab 36.0 Aa 3.8

5 32.1 Ab 34.4 Ba 2.3

6 26.0 Fb 30.0 Fa 4.0

7 30.0Cb 33.1Ca 3.1

8 29.1 Db 32.2 Da 3.1

9 28.3 Eb 32.4 Da 4.1

F test 419.88*
Coefficient of variation (%) 7.84
Pearson’s (.:o_rrelatlon 0.95
coefficient

Means followed by different letters (uppercase letters on columns and lowercase letters on lines) differ at 0.05 probability level by
the F test. NS — not significant; * — Significant at 0.05 (P < 0.05).

In shipments 4 and 5, the air temperatures at the center of the container were not statistically
different from each other, but differed from all others. There was statistical difference between
shipments 1, 7, 8 and 9, which differed from the others. However, there was no difference between
shipments 3 and 6, but differed from the others. Regarding the air temperature inside boxes, it was
observed significant differences between shipments 4 and 5, as well as from other shipments. On
the other hand, shipments 1 and 6 did not differ from each other, but differed from the others. There
was no statistical difference between shipments 9 and 8, which differed from the others; shipments
3, 6 and 2 differed from all others and to each other. Moreover, it was observed a statistical
difference between air temperature (central and inside boxes) for all studied shipments.

The coefficient of variation of the air temperature measurements was low (7.84%),
demonstrating the homogeneity and the low dispersion (CV < 15%) of the data (SAMPAIO, 2007).
Regarding the Pearson correlation shown in Table 1, it was observed that there was significant
difference (P<0.0003) between the measurements at the center of the container and inside
transported chick boxes, presenting a strong and positive (0.95) correlation coefficient (P>0.70).
Therefore, the air temperature gradient in the truck container was dependent on both environments
(central and inside boxes), i.e., the higher the temperature at the center of the truck container is, the
higher the temperature inside chick boxes during transportation.

In general, it was found that there is a temperature gradient (2.1 to 5.8 °C) between the two
environments of the container load, where the highest averages of air temperature occurred in the
environment inside chick transportation boxes compared to the central part. However, in order to
improve the acclimatization system efficiency of the trucks that transport chicks, it is necessary to
consider the two microclimates inside container; this is the way to get the ideal conditions of air
temperature for chick transportation.

The highest average air temperature (36 °C) was observed in the environment inside chick
boxes during shipment 4, which is above the ideal range. However, in all other shipments, the
average values of temperature were within the ideal range (32 to 35 °C), as recommended by LIN et
al. (2005), MUJAHID & FURUSE (2009) and NASCIMENTO et al. (2012, 2013).
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The air temperature when above the ideal range may induce the chicks to hyperthermia with
dehydration, leading to reduction in feed intake and growth retardation. However, temperatures well
below the ideal range can trigger hypothermia and induce pulmonary hypertension syndrome
(ascites) in broilers (MICKELBERRY etal., 1966; CASSUCE et al., 2013).

When it comes to chick thermal comfort, it is important to remember that other microclimate
variables, such as relative humidity, air circulation, among others, may influence thermoneutral
zone (YAHAV et al., 2005). Therefore, these variables analyzed together will show whether chicks
were under thermal stress or not during transportation.

There was statistical difference (P<0.0001) in the interaction between shipments and the
container measurements (central and inside boxes) for the variable relative humidity in the truck
that transports chicks (Table 2).

TABLE 2. Measurements of relative humidity (RH) in different container environments and
shipments, with their respective gradients.

Measurements of RH (%) in the container

Shipments environment RH %%d lent
Central Inside the boxes
1 38.0Chb 48.0 Ca 10.0
2 54.0 Aa 53.0 Ba 1.0
3 54.0 Aa 52.0 Ba 2.0
4 31.0 Db 38.0 Fa 7.0
5 32.0 Db 41.0 Ea 9.0
6 48.0 Bb 57.0 Aa 9.0
7 33.0 Db 44.0 Da 11.0
8 37.0Cb 49.0 Ca 12.0
9 37.0Cb 47.0 Ca 10.0
F test 71.47*
Coefficient of variation (%) 26.00
Pearson’s correlation
. 0.85
coefficient

Means followed by different letters (uppercase letters on columns and lowercase letters on lines) differ at 0.05 probability level by
the F test. NS — not significant; * — Significant at 0.05 (P < 0.05).

In shipments 2 and 3, the relative humidity measurements at the center of the container were
not statistically different from each other, but differed from all others. There was statistical
difference in shipment 6, which differed from the others. However, there was no difference between
shipments 1, 8 and 9, which differed from the others. Additionally, shipments 7, 5 and 4 did not
differ from each other, but were statistically different from the other shipments. Regarding the
relative humidity inside boxes, it was observed that shipment 6 was statistically different from the
other shipments. Differently, shipments 2 and 3 did not differ from each other, differing only from
the others. Besides of that, there was no statistical difference between shipments 8 and 9, which
differed from the others. Moreover, shipments 7, 5 and 4 differed from all other shipments and from
each other. Also, there was a statistical difference between the measurements (central and inside
boxes) for shipments 1, 4, 5, 6, 7, 8 and 9 of the variable relative humidity; however, shipments 2
and 3 did not differ between the measurements during the chick transportation.

The coefficient of variation of the relative humidity measurements was medium (26%),
demonstrating the homogeneity and the average dispersion (15% < CV < 30%) of the data
(SAMPAIO, 2007). Regarding the Pearson correlation shown in Table 2, it was observed that there
was significant difference (P<0.0037) between the measurements at the center of the container and
inside transported chick boxes, showing a strong and positive (0.85) correlation coefficient
(P>0.70). Therefore, the relative humidity gradient in the truck container was dependent on both
environments (central and inside boxes), i.e., the higher the relative humidity at the center of the
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truck container is, the higher the relative humidity inside chick boxes during transportation.

It was found a relative humidity gradient (1 to 12%) between the two environments of the
container load, where their highest averages occurred in the environment inside chick transportation
boxes compared to the central part because the chicks were agglomerated in a smaller space (boxes)
in relation to the container. Therefore, the boxes presented a higher concentration of water vapor
because of the chick respiration. MARQUES (1994) and QUINN et al. (1997) attributed this
heterogeneity to low air circulation inside container and to humidifiers inefficiency, which is
attributed to problems in the acclimatization system of trucks, as well as to the non-standardization
of density loads in shipments. NAZARENO et al. (2015a, 2015b) found several cores of relative
humidity inside transport boxes in the truck, which may have been caused by air circulation, density
of uneven loads and pre-gate farm management before loading (wetting the container before
starting loading, regardless of how the microclimate of this environment is).

The highest average of relative humidity occurred in shipment 6 and the internal environment
of the chick boxes (57%), which was within the ideal range. However, it was observed that in most
of shipments and environment measurements (central and inside boxes) the relative humidity was
below the range (50-60%) recommended by LIN et al. (2005), MUJAHID & FURUSE (2009) and
NASCIMENTO et al. (2012, 2013).

The relative humidity acts on the heat exchange (sensible and latent) of broiler chicks (LIN et
al., 2005; SCHMIDT et al., 2009). The loss of evaporative heat (latent) increases with temperature,
but decreases with increasing relative humidity; its effect on the chick thermoregulation will depend
on the air temperature and chick age (LIN et al,, 2005). When the relative humidity is above 60%,
the heat transmission from inside body to the periphery is reduced, which harms the heat exchange
with the environment. However, when the relative humidity is below the range of 50%, the heat
exchange between animal and environment by latent via are high, which may result in ascites, a
pulmonary hypertension syndrome whose consequence is the mucous membrane dehydration of the
chicks in the first weeks of life (MUJAHID & FURUSE, 2009).

Based on the interaction between shipments and container measurements (central and inside
boxes) for the variable specific enthalpy in the truck that transports chicks, it was observed a
statistically significant difference (P<0.0001) between the factors evaluated (Table 3).

TABLE 3. Measurements of specific enthalpy (h) in different container environments and
shipments, with their respective gradients.

h in the container environment (kJ kg™~ dry air)

Shipments Central Inside the boxes h gradient

1 57.4 Ab 71.2 Aa 13.8

2 47.0 Db 63.0 Ea 16.0

3 54.2 Bb 68.0 Ba 13.8

4 56.0 ABb 71.1 Aa 15.1

5 56.0 ABb 69.5 Ba 13.5

6 51.1Cb 66.4 Da 15.3

7 52.0Cb 67.5 CDa 15.5

8 52.2Cb 69.0 Ba 16.8

9 51.0Cb 68.0 BCa 17.0

F test 154.18*

Coefficient of variation (%) 15.00
Pearson’s correlation coefficient 0.93

Means followed by different letters (uppercase letters on columns and lowercase letters on lines) differ at 0.05 probability level by
the F test. NS — not significant; * — Significant at 0.05 (P < 0.05).

The specific enthalpy at the center of the container did not differ from each other in shipments
1, 4 and 5; however, they differed from all others, except for shipments 4 and 5 that did not differ
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from shipment 3. There was statistical difference in shipment 3 in relation to the others; however,
there was no difference between shipments 7, 8, 9 and 6, which differed from the others. Shipment
2 showed statistical difference compared to the other shipments. Regarding the measurements of
specific enthalpy inside boxes, shipments 1 and 4 did not differ statistically from each other, but
differed from the other shipments. On the other hand, shipments 5, 3, 8 and 9 did not differ from
each other, but differed from the other shipments, except shipment 9, which did not present
statistical difference from shipment 7, which, in turn, differed from the others. Moreover, shipment
7 also did not differ statistically from shipment 6, but differed from all other shipments. There was
statistical difference between the measurements of specific enthalpy (central and inside boxes) for
all studied shipments.

The coefficient of variation of the specific enthalpy measurements was low (15%),
demonstrating the homogeneity and low dispersion (CV < 15%) of the data (SAMPAIO, 2007).
Regarding the Pearson correlation shown in Table 3, it was observed that there was significant
difference (P<0.0003) between the measurements at the center of the container and inside
transported day-old chick boxes, showing a strong and positive (0.93) correlation coefficient
(P>0.70). Therefore, the specific enthalpy gradient in the truck container was dependent on both
environments (central and inside boxes), i.e., the higher the specific enthalpy at the center of the
truck container is, the higher the specific enthalpy inside chick boxes during transportation.

It was found that there is a specific enthalpy gradient (13—-17 kJ kg dry air) between the two
environments of the container load, where their highest averages occurred in the environment inside
chick transportation boxes compared to the central part. These results may be explained by the
increase in air temperature and relative humidity in the container environment (NAZARENO et al.,
2015a, 2015b).

The highest average value of specific enthalpy occurred in shipments 1 and 4 in the internal
environment of the chick boxes, with values of 71.2 and 71.1 kJ kg * dry air, respectively. It was
observed that there is a tendency for higher air temperature and lower relative humidity,
demonstrating their influence on the specific enthalpy.

In general, the specific enthalpy was out of the recommended range (50 to 60 kJ kg™ dry air)
for day-old chicks, considering an average local atmospheric pressure of 761.98 mmHg, generated
by the air temperature changes and relative humidity. According to CENGEL & BOLES (2001), the
higher the specific enthalpy value is, the higher the amount of thermal energy in the dry air. Thus, it
could explain what happened in the internal environment of the chick transportation boxes, where
the chicks were more agglomerated (100 chicks box ) in a smaller space (boxes) compared to the
truck container.

The results observed may indicate that broiler chicks suffered heat stress during shipments.
Therefore, it is necessary to improve the acclimatization standards of the trucks that transport day-
old chicks in order to minimize losses and improve their wellbeing during transportation. The
implication of an inappropriate chick transportation (load microclimate outside the ideal range) will
only be noticed on the raising farm, when the chicks do not achieve their great growth performance
over the 42 days, being part of them discarded and others get died in the first weeks of life
(TZSCHENTKE, 2007).

Based on the slicing interaction between travel and shipment (loading and unloading), it was
possible to detect that there was a statistical difference (P<0.0001) for the mean surface temperature
(MST) during chick transportation (Table 4).
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TABLE 4. Mean surface temperature (MST) of day-old chicks in different shipments in the loading
and unloading of the container truck.

MST of chick shipments

Shipments MST gradient

Loading Unloading
1 329Gb 38.2 Ba 53
2 349 Fa 33.2Eb -1.7
3 35.2Eb 37.1Ca 1.9
4 36.1 Ab 38.7 Aa 2.6
5 35.2 DEb 38.2 Ba 3.0
6 35.4 CDa 34.7 Db -0.7
7 35.5BCh 37.7Ca 2.2
8 348 Fb 38.0 Ba 3.2
9 35.7 Bb 37.8 BCa 2.1
F test 356.32*
Coefficient of variation (%) 2.10

Means followed by different letters (uppercase letters on columns and lowercase letters on lines) differ at 0.05 probability level by
the F test. NS — not significant; * — Significant at 0.05 (P < 0.05).

In the loading of shipment 4, the mean surface temperature (MST) of day-old chicks was
statistically different from the other shipments. There was no statistical difference between
shipments 9 and 7, which differed from the others, except shipment 6, which did not differ from
shipment 7. Furthermore, there was no difference between shipment 6 and 5, which differed from
the other shipments, except from shipment 4, which did not differ from shipment 5. Shipment 3
differed from all other shipments. There was no statistical difference between shipments 2 and 8,
differing from the others. Also, shipment 1 differed statistically from all shipments. Regarding the
unloading, shipment 4 was statistically different from the other shipments. However, shipments 5,
1, 8 and 9 did not differ from each other, but differed from the others, except shipment 9, which did
not differ from shipments 7 and 3, which, in turn, differed from the others. Shipments 6 and 2
differed from each other and from all other shipments. In addition, there was a statistical difference
between loading and unloading for the studied shipments.

The coefficient of variation of MST of the chick shipment was low (2.10%), demonstrating
the homogeneity and low dispersion (CV < 15%) of the data (SAMPAIO, 2007).

In general, the chick unloading was the moment of the highest mean surface temperature for
most shipments. Additionally, it was observed that there is an mean surface temperature gradient
from —1.7 to 5.3 °C, which may be due to the effect of the fluctuation (increase and/or decrease) of
the air temperature and relative humidity of the container environment. Several studies on transport
of farm animals have shown that shipment (loading and unloading) can be considered as one of the
most stressful components (due to microclimatic variations, air circulation, etc.), which alter the
animal physiology, such as increased rectal and surface temperatures, cortisol levels, and heart and
respiratory rate (ONMAZ et al., 2011; TATEOQ, etal., 2012).

The highest average of MST (38.7 °C) occurred during the unloading of shipment 4. This
value may be justified by the higher air temperature (36 °C) and lower humidity (38%) inside chick
containers. GILOH et al. (2012) found a high correlation coefficient between the chick surface
temperature and environmental variables, confirming that the air temperature, relative humidity and
air circulation are the main factors that affect the chick performance.

In general, the unloading presented the highest average of MST for most studied shipments,
which were out of the ideal range (31.6 to 36.9 °C) for the day-old chicks, according to
MARCHINI et al. (2007), ABREU et al. (2012) and NASCIMENTO et al. (2013). Inbirds, surface
temperature variations are directly related to peripheral blood flow, which may indicate that the
animals are actively trying to keep constant the temperature of the body core.

When there is an increase in surface temperature, it has also an increase in blood flow in the
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body surface and heat loss through sensitive exchange. However, the decreased blood flow is
related to peripheral vasoconstriction (by cold stress conditions). The surface temperature is a
parameter which varies rapidly with the microclimate changes (air temperature and relative
humidity) and can be used as an indication of changes in the peripheral blood flow and heat
exchange (NASCIMENTO etal., 2013).

Based on these results, it was possible to observe that there are two microclimates inside truck
(container environment and inside chick boxes), with average thermal gradients of 4 °C, 6% and 15
kJ kg * dry air, necessary to achieve the ideal comfort conditions inside chick boxes. Therefore, it is
necessary to sum these values to the microclimate records of the container, being possible to
estimate the chick thermal comfort.

These thermal gradients may have influenced the increase of the mean surface te mperature of
chick during transportation, leading them to a thermal heat stress. In order to minimize thermal
heterogeneity along the truck profile, improve the chick thermal comfort and reduce pre-farm gate
losses, it is very important to consider these gradients in the two microclimates during the phases of
construction and dimensioning of the acclimatization system in containers used for chick
transportation.

Regarding the Pearson correlation shown in Table 5, it was observed that there was a
significant difference between the microclimate variables and the mean surface temperature.

TABLE 5. Correlations between the truck microclimate variables (T, RH and h) and the mean
surface temperature (MST) of day-old chicks.

Variables Pearson's correlation coefficient P<0.05
Tand MST 0.841 0.004
RH and MST -0.782 0.012
hand MST 0.720 0.020

Pearson correlation at 0.05 probability level (P<0.05).

The air temperature and specific enthalpy showed strong and positive (0.841 and 0.720,
respectively) correlation coefficients (P>0.70). Therefore, the average surface temperature of chicks
during transportation is dependent on the air temperature and specific enthalpy; thus, the higher
these microclimate variables in the truck container are, the higher the MST. The relative humidity
presented a strong and negative (—0.782) correlation coefficient (P>0.70). Therefore, the mean
surface temperature of chicks during transportation was dependent on the relative humidity; thus,
the higher this microclimate variable in the truck container is, the lower the MST.

Based on the Pearson correlation, it was possible to observe that the microclimate variables in
the chick truck container influenced the average surface temperature of chicks during
transportation.

CONCLUSIONS

There are two microclimates in the chick load (container environment and inside chick
boxes), with the highest average of T, RH and h observed inside chick boxes.

The highest mean surface temperatures were observed in the chick unloading, which may
have been caused by the effect of the air temperature and relative humidity fluctuation on both
environments of the truck container.

Based on the truck container microclimate and on the mean surface temperature of broiler
chicks, it was observed that these poultry were under heat stress during transportation.
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