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ABSTRACT

The aim of this study was to assess the thermal profile of truck with different levels of box
placement during one day-old chicks transport. An experiment was conducted through
monitoring of 11 transportloads. A acclimatized truck was used in this research, with maximum
capacity of 630 one day-old chicks boxes, totalizing 63,000 animals. The assessment of thermal
environment was performed in 5 min intervals, through the following variables: temperature,
relative humidity and specific enthalpy. The treatments were registered at two levels of the
load (first rack and floor) where 17 data loggers were distributed throughout the truck. The
experiment used a completely randomized design and geostatistics was used for spatial
dependency and Kriging interpolation. The microclimatic conditions of the truck were not as
per recommended values, which confirm a heterogeneous distribution of heat and moisture in
environment. Regarding the box positioning, the mean values of thermal variables associated
with thermal comfort of one day-old chicks was found in the floor area. The most stressful
environment for birds inside the truck was located in front and at the center of the truck.
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Transporte de pintos de um dia: Avaliacdo
do perfil térmico em regido tropical

RESUMO

Objetivou-se, com esta pesquisa, avaliar o perfil térmico do caminhdo conteiner com
diferentes niveis de posicionamento de caixas durante o transporte de pintos de um dia. A
pesquisa foi realizada no Brasil, por meio do acompanhamento de 11 cargas de transporte. Foi
utilizado um caminhio climatizado com capacidade para 630 caixas de pintos, totalizando
uma carga de 63.000 pintos de um dia. A avalia¢io térmica do ambiente da carga foi realizada
em intervalos de 5 min por meio do registro das variaveis térmicas temperatura, umidade
relativa e entalpia especifica. Os tratamentos foram registrados em dois niveis de carga
(primeira prateleira e piso) em que foram utilizados 17 dataloggers distribuidos ao longo da
carroceria. O delineamento experimental utilizado foi inteiramente aleatorizado enquanto
a analise da estatistica foi realizada por meio de modelagem geoestatistica Krigagem. Por
meio dos resultados observou-se que as condi¢des microclimaticas do caminhéo estiveram
abaixo das faixas ideais comprovando desuniformidade térmica no ambiente. O nivel de
posicionamento das caixas do piso obteve os valores médios mais proximos das faixas
ideais para as condi¢des de transporte. As piores regides para o transporte de pintos foram
localizadas na frente e no centro da carga.

Protocolo 083-2014 - 14/03/2014 « Aprovado em 09/01/2015 « Publicado em 01/06/2015



664

INTRODUCTION

The preparation of one day-old chicks for transportation is
an activity of poultry industry with same importance as poultry
raising and handling, due to microclimatic effect on first-week
development, mainly in hot regions. The combining factors
during initial handling might affect the broiler growth during
the last week (Tzschentke, 2007; Vale et al., 2008; Teixeira et
al., 2009).

An improvement in thermal control during one day-old
chicks transport is necessary in the tropics, where the absence
of standards about this issue is observed. The environmentally
controlled trucks have great thermal heterogeneity throughout
the load profile. Density of birds per box varies according the
hatchery supply and demand, which reach beyond 60,000
one day-old chicks transported in the same container. This
increases the thermal loads in different load regions. Other
factors might be considered, such as: fasting time, distance
between hatchery and farm, vibration level, road quality, travel
time, type of boxes and controlling environment inside the
lorry (Quinn & Baker, 1997; Nazareno etal., 2013;2015). These
variables might contribute with non-uniform load distribution,
which promotes quantitative and qualitative losses, before and
after housing of one day-old chicks on farms.

However, the effect of logistics and different thermal
environment during transportation is complex and has not
been studied in tropical and subtropical regions. Thus, in this
study the thermal profile of environmentally controlled trucks
with different box placement was assessed during transport of
one day-old chicks.

MATERIAL AND METHODS

This study was carried out in a broiler hatchery in the State
of Sao Paulo, Brazil (220 25' 55" S, 46° 57' 28" W; atmospheric
pressure of 762 mmHg at 632 m above sea level and). From
November to December 2010 and February 2011, the
information related to 11 one day-old chicks loads was recorded.

The day-old chicken transport truck (approximately 8 x
2.50 m, 2.50 m high) was environmentally controlled, with
three box stacks (left, right and center) spaced 0.7 m. Each
stack has two racks, each one vertically spaced 0.8 m. Air
temperature, wind speed and humidity were controlled by
sensors and electronic panel located in the truck cab. The set
points for thermal conditions were: temperature between 23
and 25 °C and relative humidity between 60 and 70%. The
HVAC (heating, ventilation, and air conditioning system)
of the truck was located in front of the lorry. Air circulation
(ventilation) was distributed through the openings of the
floor and the air vents were located in the openings of the roof
(truck louver). It is noteworthy that the HVAC system was only
triggered when the truck was moving. The boxes (0.42 x 0.57
x 0.15 m) were made of plastic material which have perforated
walls and floor for ventilation. Each truck had a maximum
stocking density of 480 boxes in racks and 150 boxes in center,
totalizing 630 boxes with 100 chicks each.

To characterize the environmental condition during
transport, the following thermal variables were used: dry-bulb
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temperature (T; °C) and relative humidity (RH; %), through
data loggers (Onset, HOBO) programmed to record data at 10
min intervals. The treatments were recorded at two load racks
(first rack and floor) that were distributed 14 boxes of chicks
along the profile of the back of the truck. Three loggers were
distributed in the hallway, totaling 17 loggers.

To assess discomfort conditions for one day-old chicks, the
psychrometric measure specific enthalpy (h, kJ kg dry air)
was used as a thermal index. This expresses the thermal energy
amount per unit mass of dry air, as described by Rodrigues
etal. (2011).

The experiment used a completely randomized design with
two treatments levels of box placement (floor and first rack)
and 11 repetitions (one day-old chicks loads). The statistical
analysis of thermal environment was the linear mixed model,
assuming a first-order autoregressive covariance structure. The
F-test was used to test the equality of variances (SAS, 2010).

Geostatistics was used for modeling spatial dependency and
Kriging interpolation of temperature, relative humidity and
specific enthalpy. In each data set, the samples were divided
into two levels of box placement (floor and first rack). The
software GS* 7.0 was used for estimation (Robertson, 2000).

For analysis of geostatistics, the data were subjected to
descriptive statistical analysis and exploratory, as proposed by
Nazareno et al. (2013; 2015), to verify the presence of outliers.
In geostatistical modeling, these values lead to a strong impact,
especially in the early part of the semivariogram. This might
lead to wrong conclusions about the noise variance (nugget
effect) and/or existence of spatial correlation.

The fit of theoretical models (spherical, exponential and
Gaussian) is given by calculating the semivariogram, according
to the equation proposed by Vieira (2000).

The following coeflicients were estimated: nugget effect
(C,)s level (C, + C)), structural component (C,) and spatial
dependence (a) for the semivariogram. The choice of model
was based on the smallest sum of squared residuals (SSR)
and determination coefficient (R?). Furthermore, the cross-
validation R? (R? - VC) (observed versus estimated) was used.
For analysis of spatial dependence index (SDI), the relationship
defined by the software GS* (C /C, + C)) was used, as well as
the intervals proposed by Zimback (2001), which considers
the spatial dependence as weak (SDI < 25%), moderate (25%
< SDI < 75%) or strong (SDI = 75%).

With the adjustment of the theoretical models and the
definition of the coefficients for the semivariogram, an ordinary
kriging was used to estimate the values of attributes distributed
in space from adjacent values. This is estimated by the method
of moving averages (Landim, 1998).

RESULTS AND DISCUSSION

Differences (p < 0.05) between the levels of box placement
(first rack and floor) was observed for temperature (Table 1).
Highest values of mean temperature were found on the floor
(around 33 °C). No interactions were observed specifically
between box placement and average values of relative humidity
and specific enthalpy (p < 0.05).
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Table 1. Average values of variables: temperature (T),
relative humidity (RH) and specific enthalpy (h) compared
to the levels of box positioning of day-old chick transport

Levels of chick T RH h
box positioning (°C) (%) (kJ kg™ dry air)
First shelf 31,58 515A 68,0 A
Floor 33,0A 49,0A 70,5A
Test F 8,41* 0,69NM 2,46NM

In the same column, means followed by the same capital letter do not differ among themselves
atthe probability level of 0,05 using Test F. NM - not meaningful, * —meaningful 0,05 (p < 0,05)

Based on thermal variables (Table 1), the box positioning
(floor and first rack) were recommended by the literature,
which reports that broiler chicks during the first week should
be under the condition of temperature in the range of 32 to 35
°C (Lin et al., 2005; Nascimento et al., 2013). However, with the
existence of spatial dependence in this case, the geostatistical
analysis can better detail the lack of spatial component, i.e.,
variation factors (temperature, relative humidity and specific
enthalpy) along which the truck can increase the difference
positioning between the levels of the boxes (Barbosa Filho et
al., 2009).

The need to keep the temperature of the transportation
environment of one day-old chicks in the optimal range
is related to the precociousness in the thermoregulatory
system because these birds have a high tolerance to elevated
temperature when compared to low temperature, thus showing
a widespread need to maintain a high temperature during
the first weeks of life (Dunnington & Siegel, 1984). Also,
the acceptable zootechnical performance of the broiler, in
adult phase, is related to the one day-old chicks capacity on
regulating its own body temperature efficiently. Therefore, the
performance of the birds in the creation of pre-slaughter phase
allocated in sheds depend on the development of physiological
mechanisms standards stimulated by the thermal environment
during the one day-old chicks phase (Tzschentke, 2007).

In regard of semivariogram (Table 2), the limit value of
distance from which spatial dependence of temperature is not
observed was 1.06, 1.88 and 2 m for overall box placement,
floor and first rack, respectively. Similar values were found
for relative humidity, for which limit values of distance was
1.12, 1.10 and 2.82 m for different box placements. However,
in an overall average of box placement, specific enthalpy was
higher (3.97 m).

These results of geostatistical analysis in Table 2 indicated
that the variables temperature and humidity showed strong
spatial dependence in different levels of box placement,
according to Zimback (2001) where in the spatial dependency
index was = 75%. However, only specific enthalpy showed a
moderate spatial dependence (25% < SDI < 75%).

The thermal profiles of floor and first rack of the truck are
shown in Figure 1. Mean values of temperature and relative
humidity was out of recommended ranges (32 to 35 °C and
50-60%), as proposed by Mujahid & Furuse (2009) and
Nascimento et al. (2013) for one day-old chicks. Also, there
is a strong spatial distribution of temperature and humidity
throughout the truck, with temperature ranging 11-12 °C and
relative humidity around 60%. However, the mean values of
specific enthalpy were under recommended range (69.4-88.2
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Table 2. Estimated model and parameter of experimental
semivariograms for the microclimate attributes temperature
(T), relative humidity (RH) and specific enthalpy (h) in
different levels of box positioning (general, floor and shelf)
for day-old chick transport

T RH h
(°C) (%) (kd kg™ dry air)
General

R2 0,30 0,50 0,62

Co 0,14 25,08 37,3
(Co+C4) 5,75 394,17 145,6
G 5,61 369,09 108,3

SDI (%) 97,00 93,60 74,4

Reach (m) 1,06 1,12 3,97

Model Spheric Spheric Exponential
Floor

R? 0,40 0,50 0,30

Co 1,14 82 100

(Co+C4) 14,35 410,20 201

C4 13,21 328,2 101
SDI (%) 92,10 80,00 50,00

Reach (m) 1,88 1,10 1,01
Model Spheric Spheric Spheric

First shelf

R? 0,76 0,50 0,50

Co 5,70 31,33 25,9
(Co+C4) 22,8 335,8 118,25
C4 17,1 304,47 92,35
SDI (%) 75,10 90,70 78,10

Reach (m) 7,00 2,82 1,01

Model Gaussiano Gaussiano Gaussiano

G, — pepita effect, (C,+C,) —tyer, C,_structural component, SDI - spatial dependency index,
R? — coefficient of determination

k] kg of dry air). In general, the heat load inside the container
was acceptable, with mean values of specific enthalpy varying
between 40 and 50 kg kg™ of dry air (Figure 1).

The reason for this heterogeneity along the thermal load is
the influence of air circulation (inefficient ventilation system)
inside the container truck chicks, causing a wide range in
temperature, relative humidity and specific enthalpy (AT, ARH
and Ah) (Figure 1). It is known that the reduction of the air
flow over the load possibly entails a greater heterogeneity along
the thermal load (Quinn & Baker, 1997).

Regarding the overall thermal profile of the container, it
was observed that there are several nuclei in thermal load
profile of one-day chicks, and that the regions located in
the center and rear cargo container conditioned showed the
smallest average overall temperature (27-30 °C). These results
showed that the biggest problem in the transport of these birds
is the presence of thermal core that were responsible to cause
a cold stress in one day-old chicks. The chicks have greater
tolerance to high temperatures in relation to low temperatures
(Dunnington & Siegel, 1984; Lin et al., 2005). This fact is
related to the immaturity of body thermoregulation of the
day-old chicks that need to maintain a high body temperature
(Dunnington & Siegel, 1984; Tzschentke, 2007).

Regarding the tread profile, it was observed that in most of
the cases the chicks showed a profile with lower temperatures.
This event can be justified due to the cold air which tends to
move downwards, being denser than the warm air masses
(Cengel & Boles, 2001). Quinn & Baker (1997) also observed
that the floor of the vehicle one day-old chicks was the coldest
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Ah =40 and 50 kJ kg™! of dry air
Back of the truck

Figure 1. Profile of the variables: temperature (T), relative
humidity (RH) and specific enthalpy (h) in acclimatized
container in different levels of box positioning (general,
floor and first shelf), with their respective amplitude
temperature (AT), relative humidity (ARH) and specific
enthalpy (Ah)
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place to load the configuration adopted for all the boxes.
Similar results were observed in the fertile eggs and one day-
old chicks transport (Nazareno et al., 2013; 2015).

As for the relative humidity inside the container, analysing
the thermal profiles, it was observed that there is some nuclei
relative humidity, and the average values found in the center and
rear parts of the air-conditioned container were around 20-50%
and 70-80%, respectively. These results corroborate with the
authors Damron et al. (1994); Gast & Holt (2000); Anderson et
al. (2008) which evaluated the transport of eggs and Nazareno et
al. (2015) who investigated the transport of one day-old chicks.

The relative humidity plays an important role in heat
transfer (sensible and latent) of broiler chicks (Schmidt et
al., 2009). The evaporative heat loss (latent) increases with
temperature, but decreases with increasing relative humidity,
and the effect of thermoregulation of the bird will depend on
the air temperature as well as on the age of the bird (Lin et
al., 2005). Values of relative humidity above 60% reduce heat
transfer from inside the body to the periphery, which reduces
the heat exchange with the environment. However, when the
relative humidity is below 50% range, the heat exchanges
between the animal and the environment by imaging are
increased, which may lead to ascites, also known as pulmonary
hypertension syndrome (Mujahid & Furuse, 2009).

CONCLUSIONS

1. Microclimatic conditions of the air-conditioned truck
chicks were below the tracks ideal for one day-old chicks.

2. The level of placement of boxes on the first shelf showed
the best thermal comfort during transport.

3. The worst regions of the air-conditioned container for
the transport of chicks were located in front and at the center
of the container.

ACKNOWLEDGMENTS

The authors thank FAPESP (Research Foundation of Sido
Paulo State) for the financial support to this research and to
CAPES and CNPq for granting the scholarship.

LITERATURE CITED

Anderson, K. E.; Patterson, P. H.; Koelkebeck, K. W,; Darre, M. J.;
Carey, J. B;; Ahn, D. U; Ernst, R. A;; Kuney, D. R;; Jones, D.
R. Temperature sequence of eggs from oviposition through
distribution: Transportation - Part 3. Poultry Science, v.87, p.1195-
1201, 2008. http://dx.doi.org/10.3382/ps.2007-00236

Barbosa Filho, J. A. D.; Vieira, E. M. C; Silva, I. J. O. da; Garcia,
D. B,; Silva M. A. N.; Fonseca, B. H. F. Transporte de frangos:
caracterizagdo do microclima na carga durante o inverno. Revista
Brasileira de Zootecnia, v.38, p.2442-2446, 2009. http://dx.doi.
org/10.1590/51516-35982009001200021

Cengel, Y. A.; Boles, M. A. Termodinamica. 3.ed. Amadora: McGraw-
Hill, 2001. 900p.

Damron, B. L.; Douglas, C. R.; Jacobs, R. D. Temperature patterns in
commercial egg transport vehicles. Journal of Applied Poultry
Research, v.3, p.193-198, 1994. http://dx.doi.org/10.1093/
japr/3.2.193



One day-old chicks transport: Assessment of thermal profile in a tropical region

Dunnington, E. A.; Siegel, P. B. Thermoregulation in newly hatched
chicks. Poultry Science, v.63, p.1303-1313, 1984. http://dx.doi.
org/10.3382/ps.0631303

Gast, R. K.; Holt, P. S. Influence of the level and location of
contamination on the multiplication of Salmonella enteritidis at
different storage temperatures in experimentally inoculated eggs.
Poultry Science, v.79, p.559-563, 2000. http://dx.doi.org/10.1093/
ps/79.4.559

Landim, P. M. B. Anilise estatistica de dados geoldgicos. Sao Paulo:
UNESP, 1998. 226p.

Lin, H.; Zhang, H. F; Jiao, H. C,; Zhao, T;; Sui, S. J.; Gu, X. H.; Zhang,
Z. Y; Buyse, J.; Decuypere, E. Thermoregulation responses of
broiler chickens to humidity at different ambient temperatures. I.
one week of age. Poultry Science, v.84, p.1166-1172, 2005. http://
dx.doi.org/10.1093/ps/84.8.1166

Mujahid, A.; Furuse, M. Oxidative damage in different tissues of
neonatal chicks exposed to low environmental temperature.
Comparative Biochemistry and Physiology Part A, v.152, p.604-
608, 2009. http://dx.doi.org/10.1016/j.cbpa.2009.01.011

Nascimento, S. T;; Silva, I. J. O.; Maia, A. S. C.; Castro, A. C.; Vieira,
E M. C. Mean surface temperature prediction models for broiler
chickens-a study of sensible heat flow. International Journal of
Biometeorology, v.1, p.1-7, 2013.

Nazareno, A. C,; Silva, I. J. O. da; Vieira, E M. C.; Camargo, J. R;
Medeiros, S. R. R. Caracterizacdo do microclima dos diferentes
layouts de caixas no transporte de ovos férteis. Revista Brasileira
de Engenharia Agricola e Ambiental, v.17, p.327-332, 2013. http://
dx.doi.org/10.1590/S1415-43662013000300012

Nazareno, A. C.; Silva, I. J. O.; Vieira, F. M. C.; Santos, R. F. S.
Temperature mapping of trucks transporting fertile eggs and
day-old chicks: Efficiency and/or acclimatization? Revista
Brasileira de Engenharia Agricola e Ambiental, v.19, p.134-
139, 2015. http://dx.doi.org/10.1590/1807-1929/agriambi.
v19n2p134-139

667

Quinn, A. D.; Baker, C. J. An investigation of the ventilation of a
day-old chick transport vehicle. Journal of Wind Engineering
and Industrial Aerodynamics, v.67, p.305-311, 1997. http://dx.doi.
org/10.1016/S0167-6105(97)00081-0

Robertson, G. P. GS+: Geostatistics for the environmental sciences -
GS+ User’s guide. Plainwell: Gamma Design Software, 2000. 152p.

Rodrigues, V. C; Silva, L. J. O. da; Vieira, E M. C.; Nascimento, S.
T. A correct enthalpy relationship as thermal comfort index for
livestock. International Journal of Biometeorology, v.55, p.455-
459, 2011. http://dx.doi.org/10.1007/s00484-010-0344-y

SAS - Statistical Analysis System. Realease 9.2, (software). Cary: SAS
Institute, 2010. 620p.

Schimidt, G. S.; Figueiredo, E. A. P.; Saatkamp, M.G.; Boom, E. R.
Effect of storage period and egg weight on embryo development
and incubation results. Brazilian Journal of Poultry Science, v.11,
p-01-05, 2009.

Teixeira, E. N. M.; Silva, J. H. V;; Costa, F. G. P; Martins, T. D. D.; Givisiez,
P.E.N.; Furtado, D. A. Efeito do tempo de jejum pos-eclosao, valores
energéticos e inclusio do ovo desidratado em dietas pré-iniciais de
pintos de corte. Revista Brasileira de Zootecnia, v.38, p.314-322, 2009.
http://dx.doi.org/10.1590/51516-35982009000200014

Tzschentke, B. Attainment of thermoregulation as affected by
environmental factors. Poultry Science, v.86, p.1025-1036, 2007.
http://dx.doi.org/10.1093/ps/86.5.1025

Vale, M. M.; Moura, D. J.; Néis, I. A.; Oliveira, S. R. M.; Rodrigues, L.
H. A. Data mining to estimate broiler mortality when exposed to
heat wave. Scientia Agricola, v.65, p.223-229, 2008. http://dx.doi.
0rg/10.1590/50103-90162008000300001

Vieira, S. R. Geoestatistica em estudos de variabilidade espacial do
solo. In: Novais, E; Alvarez, V; Schaefer, C. E. G. R. (ed.). Topicos
em ciéncia do solo. Vigosa: SBCS, v.1, 2000. 347p.

Zimback, C. R. L. Andlise espacial de atributos quimicos de solos para
fins de mapeamento da fertilidade. Botucatu: FCA/UNESP, 2001.
114p. Tese Livre-Docéncia

R. Bras. Eng. Agric. Ambiental, v.19, n.7, p.663-667, 2015.



