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ABSTRACT The preslaughter handling and transport
of broilers are stressful operations that might affect
welfare and meat quality and could increase numbers
of deaths before slaughter. However, the influence of
thermal factors during transportation and lairage at
slaughterhouses is complex in subtropical regions,
where increasing temperature and high RH are the ma-
jor concerns regarding animal survival before slaughter.
In this study we assessed the influence of a controlled
lairage environment on preslaughter mortality rates of
broiler chickens that were transported during different
seasons of the year and had varying lairage times in
the subtropical climate. Preslaughter data from 13,937
broiler flocks were recorded daily during 2006 in a com-
mercial slaughterhouse in southeastern Brazil. The
main factors that influenced daily mortality rate were
mean dry bulb temperature and RH, lairage time, daily

periods, density of broilers per crate, season of the year,
stocking density per lorry, transport time, and distance
between farms and slaughterhouse. A holding area at
the slaughterhouse with environmental control was as-
sessed. Using a double GLM for mean and dispersion
modeling, the seasons were found to have significant ef-
fects (P < 0.05) on average mortality rates. The highest
incidence was observed in summer (0.42%), followed by
spring (0.39%), winter (0.28%), and autumn (0.23%).
A decrease of preslaughter mortality of broilers dur-
ing summer (P < 0.05) was observed when the lairage
time was increased, mainly after 1 h of exposure to a
controlled environment. Thus, lairage for 3 to 4 h in a
controlled lairage environment during the summer and
spring is necessary to reduce the thermal load of broiler
chickens.
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INTRODUCTION

The high incidence of injuries and thermoregulatory
problems during transport is associated with poor wel-
fare and represents a considerable loss to the broiler
industry, especially in the tropics. Broilers have limited
ability to cope with heat stress, resulting in mortality
rates that exceed 1% during the hottest days (Ritz et
al., 2005).

Mortality rates vary with season of the year. Petracci
et al. (2006) reported higher mortality during summer
(0.47%) compared with other seasons. During spring
and autumn, thermal stress depends on thermal fluc-
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tuations (Néé&s et al., 2001). Even during cold days, a
heterogeneous distribution of temperature and humid-
ity occurs within the load and, thus, a thermal core
inside the lorry might increase death losses in winter
(Mitchell and Kettlewell, 1998; Barbosa Filho et al.,
2009; Simdes et al., 2009).

Lairage time can be considered the interval between
the arrival of the transport vehicles at the holding
area and the unloading of the crates with birds into
the unloading bay. To improve broiler welfare and re-
duce thermal stress after broiler transportation, hold-
ing areas with environmental control at the processing
plants associated with a suitable lairage time interval
can permit distribution of cooled air inside the crates
before arrival at the slaughter line (Quinn et al., 1998).
Several authors have recommended short lairage times
(less than 2 h) because of low energy availability in
fasted, metabolically active birds (Hunter et al., 1998;
Warriss et al., 1999; Nijdam et al., 2004). Bianchi et
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al. (2005) found no significant effect of lairage time on
mortality rate and suggested a controlled fasting time
preslaughter to reduce deaths before slaughter. How-
ever, the effect of exposing broiler chickens to different
lairage times under improved environmental conditions
throughout the year has not been studied in tropical
and subtropical regions. The aim of this work was to
assess the influence of a controlled lairage environ-
ment on preslaughter mortality rates of broiler chickens
transported during different seasons of the year and
subjected to varying lairage times in the subtropical
climate.

MATERIALS AND METHODS

This study was carried out in a commercial slaugh-
terhouse in the State of Sao Paulo, Brazil (22°01'03"S,
47°53'27"W; 856 m above sea level). From January to
December 2006, we recorded the mortality during pre-
slaughter time and information related to transport of
broilers from farm to the processing plant. Data from
13,937 transport vehicles were used.

Preslaughter Conditions

The processing plant slaughters on average 190,000
broiler chickens per day. The slaughtering started daily
at 0530 h and ended at 0330 h so that the process-
ing plant could be cleaned. All animals were manually
caught by the legs at the farm and were loaded into
crates. The crates (0.75 x 0.60 x 0.30 m) were made of
plastic material and had perforated walls and floor for
ventilation. Each crate had a maximum stocking den-
sity of 10 chickens (450 cm?/bird). After being caught,
the birds were transported by road from farm to the
processing plant.

At the slaughterhouse, the trucks with broilers were
lairaged in an environmentally controlled holding area
that consisted of an open building (approximately
23.70 m x 19.22 m, 5 m high) with galvanized steel
roof and 6 metallic trusses (Figure 1). Environmen-
tal climatization was achieved by fans (air flow of 300
m?/min at free air) mounted on pillars and trusses (4
lines of 7 fans each). Eight high pressure misting sets
(flow rate of 80-95 mL/min at1,034.21 kPa) were in-
terspersed with fans, each with 25 nozzles. The sides
of the holding area had polypropylene panels during
summer to protect against direct solar radiation inside
the building. This building housed 8 poultry transport
trucks, each with 486 crates. Each truck had a maxi-
mum stocking density of 4,860 birds.

The birds were slaughtered after data collection.
Before the chickens were caught and crated, feed and
water were withdrawn for a period of 8 h, which in-
cluded all preslaughter operations (catching, crating,
transport, and lairage at the slaughterhouse).
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Preslaughter Assessment

The preslaughter information was recorded by the
preslaughter staff throughout the 4 seasons in 2006
(summer: January to March; autumn: March to June;
winter: June to September; spring: September to De-
cember) and stored in the database of the industry.
This database was assessed after slaughtering, aiming
to evaluate the data quality control. Outliers were re-
moved before the data analysis.

For each broiler flock, the following data were record-
ed: stocking density per lorry (number of birds/lorry),
density per crate (number of birds/crate), preslaughter
mortality (%), and lairage time (h). Transport time (h)
and distance between farms and slaughterhouse (km)
were not measured and controlled for each flock in the
industry. The lairage time was considered the inter-
val between the arrival of the transport vehicles at the
holding area and the unloading of the crates with birds
into the unloading bay.

Environment Characterization

To characterize the environmental conditions during
the transport of broiler chickens throughout the study,
meteorological data were provided by the weather sta-
tion of Brazilian Agricultural Research Corporation
(EMBRAPA Cattle-Southeast), located in the city of
Sao Carlos, State of Sao Paulo, Brazil, close to the
study slaughterhouse. The climate is humid subtropical
according to Koéppen (1936), characterized by a warm
and wet season from October to March (mean tem-
perature >22°C) and a dry season from June to August
(average temperature ~18°C; Pereira et al., 2002).

To assess discomfort conditions for broilers, the psy-
chrometric measure enthalpy (h) was used as a thermal
index. This expresses the thermal energy amount per
unit mass of dry air, as described by Rodrigues et al.
(2011).

Figure 1. The holding area with environment control at the
slaughterhouse.
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Table 1. Descriptive statistics of preslaughter characteristics of the studied data set
Preslaughter factor Mean SD Minimum Median Maximum
Stocking density/lorry 3,337 467.5 1,944 3,402 4,860
Density of birds/crate 7 0.9 4 7 10
Lairage time (h:min) 02:58 01:37 00:00 02:47 17:38
Transport time (h:min) 01:30 00:58 00:20 01:41 04:00
Transport distance (km) 120 68.4 24 118 242
Preslaughter mortality (%) 0.33 0.87 0.00 0.23 10.88
isti i T
Statistical Analysis (1) = xiB, (1]

The statistical design was based on an observational
study in which the studied characteristics were obtained
from a database offered by the industry. The statistical
analysis was performed to test the effect of the seasons
and lairage time in a controlled lairage environment on
mortality, also considering the other underlying factors
that had great influence on the preslaughter mortal-
ity as effects in the fitted model. The response vari-
able of this study was the preslaughter mortality for
each broiler transport truck. The explanatory factors
included in the fitted model were daily mean dry bulb
temperature and RH, lairage time, daily periods (morn-
ing, afternoon, and night), density of broilers per crate,
and season of the year (summer, autumn, winter, and
spring).

For an overall descriptive statistics analysis, values
of mean, standard deviation, and coefficient of varia-
tion of daily dry bulb temperature (°C), RH (%), and
air enthalpy (kJ/kg of dry air) were used and recorded
3 times/d (morning, afternoon, and night). The data
were analyzed using a double GLM, an extension of
GLM, which provides a framework for modeling the
dispersion in generalized linear models as well as the
mean. This approach may be used in experimental data
in which proportions show large variability that ex-
ceeds the limit of the theoretical variance of binomial
or Poisson distribution. This problem is known as over-
dispertion, and the double GLM allows the joint model-
ing ideas for mean and dispersion (Vieira et al., 2010).
Also, the double generalized linear modeling identifies
which studied factors are associated with the excessive
variability. Thus, if any factor might be controlled, it is
possible to reduce the mortality variability. According
to Smyth and Verbyla (1999), GLM traditionally con-
siders that the mean pu; can be modeled by a link-linear
relationship [1]:

where ¢g( ) is a logarithmic function, to make a link
between model linear predictor and expected value of
preslaughter mortality, treated as a response variable
with Poisson distribution, and x{ is the vector of co-
variates of the mean model. The vector 3 contains the
unknown regression coefficients of the explanatory fac-
tors.

Double generalized linear models assume a second
link-linear prediction for the dispersion [2]:

h(p;) =12 A,

where h is another known link function, z is a vector of
covariates affecting the dispersion, and X is a vector of
unknown parameters of the dispersion model. Also, the
link function h( ) was assumed as a logarithmic func-
tion, which guarantees positive values for the expected
dispersion parameter . The Wald statistic was used
with the objective of testing the hypothesis about the
vector (3, that is, to test the true contribution of these
factors and interactions on the statistical model
(Knight, 2000). This test is an extension of the Stu-
dent’s t-test, commonly used in general linear regres-
sion analysis. Complementary to the Wald test, a re-
sidual analysis was performed, to verify the model
assumptions, based on deviance residuals, fitted values,
q-q plots, scale-location plot, and Cook’s distance,
widely used in GLM analysis (McCullagh and Nelder,
1989).

For the categorical factors (daily periods and sea-
sons), the dummy coding with 3 or more levels of cat-
egorical variables was used. These factors were con-
verted into 2 or 3 dichotomous variables, whereas the
estimated mean of the third or fourth variable (omitted
or reference group) is the intercept term of the model.

Table 2. Summary statistics of lairage time (h) throughout the seasons of the year

Season Mean SD Minimum Median Maximum
Summer 03:07 01:48 00:02 02:52 13:53
Autumn 02:59 01:35 00:01 02:49 13:31
Spring 02:55 01:34 00:01 02:44 17:38
Winter 02:55 01:39 00:00 02:45 16:54
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Figure 2. Average preslaughter mortality (%/truck) of broiler
chickens during the seasons of the year. Bars show a 95% CIL

This explains the absence of the reference group in the
fitted model, but implicitly their underlying effects are
jointly adjusted with the others factor levels in the sta-
tistical analysis. In this study, the reference group for
daily periods was the level “morning” and, for seasons,
the level “summer.” The statistical software R (R De-
velopment Core Team, 2006) was used for estimation,
along with the dglm library (Dunn and Smyth, 2006).

RESULTS

Preslaughter Assessment

The summary statistics of the 13,937 broiler flocks
are given in the Table 1. The transport time was at an
acceptable level (<4 h) and the mean distance between
farms and slaughterhouse was 120 km (the median be-
ing close to this), indicating that the farms were locat-
ed relatively close to the slaughterhouse. Journey time
was constant during the year.

The density per crate varied around 7 birds, with a
maximum of 10 birds/crate. The stocking density per
lorry followed the same trend of the density per crate,
with a mean of 3,337 birds. However, a high variability
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was observed in this variable, indicating that the total
number of birds in a flock is heterogeneous. The aver-
age lairage time varied considerably during 2006, with
a minimum value of 0 and a maximum of 17 h 38 min.
The preslaughter mortality minima and maxima were 0
and 10.88%. This finding indicated a possible influence
of lairage time on mortality.

The distribution of lairage time for each season is
shown in Table 2. The time intervals adopted during
the year were very similar between the seasons, with a
slight increase during the summer given the high tem-
perature during December to March, during which envi-
ronmental control was increased. Autumn, spring, and
winter had similar variations in lairage time, whereas in
spring the maximum value was 17:38 h.

Environmental Characterization

Environmental data description among the seasons is
shown in Table 3. As expected, average temperatures
were higher in summer and spring. However, the high-
est coefficient of variation for temperature, RH, and en-
thalpy was recorded in winter. The considerable varia-
tion during autumn and winter can be explained by the
increased incidence of heat waves followed or preceded
by cold days in a short time interval. The RH was high-
er in summer and spring than in other seasons because
of the high amount of rainfall during this period.

Based on enthalpy, the highest incidence of heat
stress for broiler flocks was observed during the sum-
mer, followed by spring, as expected, because of the
joint effect of high temperature with high values of RH.
During the winter, the broilers were transported under
comfortable conditions, indicated by the lowest amount
of thermal energy in dry air (44.2 kJ/kg). Autumn pro-
vided the second best conditions (51.6 kJ/kg).

Effect of Season

The distribution of preslaughter mortality during the
seasons is shown in Figure 2. The average percentage of
birds dead on arrival at the slaughterhouse was higher
in summer (0.42%) and spring (0.39%) than in win-
ter (0.28%) and autumn (0.23%). Considering that the
animals were transported under harsh environmental
conditions during summer and spring, as shown by en-
thalpy values, this result was expected given that the

Table 3. Mean (SD) and CV of environmental conditions throughout the study

Dry bulb temperature RH Air enthalpy
Season °C CV (%) % CV (%) kJ/kg of dry air CV (%)
Summer 22.9 (3.0) 13 83 (12 14 62.9 (5.3) 9
Autumn 19.8 (4.1) 21 80 (14 18 51.6 (9.8) 18
Winter 18.8 (4.8) 26 68 (19 28 44.2 (8.1) 18
Spring 21.7 (3.4) 15 82 (13 16 58.4 (7.7) 14
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Table 4. Double GLM for mortality (no. of dead birds/truck) estimation [mean model with the ef-
fects of lairage time (min) and season of the year]

Factor Estimate SE P-value
Intercept 5.009 x 1072 0.285 0.860
Lairage time 3.996 x 103 1.099 x 1073 <0.0001
Autumn —0.714 6.567 x 1072 <0.0001
Winter —0.493 7.333 x 1072 <0.0001
Spring —0.258 6.294 x 1072 <0.0001
Lairage time vs. autumn 1.036 x 1073 2.883 x 1074 <0.0001
Lairage time vs. winter 2.859 x 1074 3.193 x 1074 0.371
Lairage time vs. spring 4.396 x 10~4 2.680 x 10~4 0.101

effects of high temperature and RH are more harmful
for welfare and mortality rates of broilers.

Lairage Time and Season

The interactions between the variables for which P
< 0.05 in the mean model were temperature, lairage
time, daily periods, density of birds per crate, and sea-
son. No interactions were observed specifically between
temperature and afternoon, lairage time and winter,
lairage time and spring, and afternoon and all seasons
(P > 0.05). The effects of these significant factors were
considered in the model (mean or dispersion model).
In this study, the following results and discussion are
focused on the contribution of the lairage time in a con-
trolled lairage environment, jointly with the seasons of
the year in preslaughter mortality, as given in Table 4.
The interaction between seasons and lairage time had a
positive effect on mortality. However, the contribution
of each season to explain the mortality was stated in
the model (P < 0.05) despite the lack of interactions
between spring and winter with lairage time.

Regarding the dispersion model, the seasons of the
year contributed linearly and negatively to the increase

expected because the preslaughter conditions (mainly
the thermal influence) were more variable during the
night than during afternoon and morning. During the
night, stressful and comfortable conditions were ob-
served throughout the year; this characterizes a high
variability for this period. The afternoon is generally
most severe for broiler welfare and the variability of
these conditions is low given the lack of numerous com-
fortable observations during the year.

The relationship between season and lairage time in a
controlled environment and the effects on mortality are
shown in Figure 3. During the winter, the preslaughter
mortality was not affected by lairage time (P > 0.05)
as much as during the autumn. The number of dead
broilers per lorry was greater during the summer and
the spring. However, longer lairage times at an envi-
ronmentally controlled holding area resulted in a lower
number of dead broilers before slaughter during these
hottest seasons. Above 1 h of lairage in a controlled
lairage environment, the reduction was more effective
during the summer and a greater reduction in mortal-
ity was observed compared with other seasons. This

of mortality variability (Table 5). This indicates that X
the transport during these seasons resulted in lower o N,
variability. As expected, the temperature had expres- S \ -A- Spring
sive and positive contribution to the mortality vari- X, o pymmer
ability. Also, the dispersion model showed that broiler g | Ny G
transport in the afternoon reduced 0.085 U of the mor- = fe-al L S
tality variability, whereas transport at night resulted in TA--all L Tk
an increase of 0.145 U of mortality variability. This was % 8 | AR

ﬁ =) -\‘A

é "x
Table 5. Double GLM for mortality (no. of dead birds/truck) g |
estimation (dispersion model) © e

T —
Factor! Estimate SE P-value S —— .
9 | —e

Intercept 2.791 0.033 <0.0001 = .
poly(temp)1 34.116 2.452 <0.0001 FURTTURY L
poly(temp)2 26.154 1.559 <0.0001 o | we g mermeeew
poly(temp)3 9.876 1.471 <0.0001 S
Afternoon —0.085 0.043 5.011 x 1072
Night 0.145 0.031 <0.0001 L
Autumn ~1.290 0.040 <0.0001 Lairage Time (h)
Winter —0.558 0.039 <0.0001
Spring ~0.612 0.034 <0.0001

Ipoly(temp)1,2,3 = 3rd degree polynomial factor for air temperature
(°C) taken from the nearby weather station.

Figure 3. Interaction plot between lairage time intervals (h) in a
controlled lairage environment and season of the year and its effects on
preslaughter mortality (%/truck) of broiler chickens.
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reduction, attributable to an increasing lairage time in
a controlled lairage environment, suggests the practical
importance of this approach.

DISCUSSION

During the summer and spring of 2006, high mor-
tality rates were expected given the high sensitivity
of the broiler genotypes to increased temperature and
RH (Nijdam et al., 2004; Vecerek et al., 2006; Gregory,
2009). In agreement with this expectation, Petracci et
al. (2006) reported an increase of 43% in mortality of
poultry transported during the summer (0.47%) com-
pared with other seasons. According to these authors,
the temperature and RH were about 23°C and 77%, re-
spectively. In this study, during the summer and spring
the average RH in the transport environment was 83
and 82%, respectively, indicating a heat stress scenario
for broilers corresponding with mortality of 0.42 and
0.39%, respectively.

With regard to the effect of different lairage times
in a controlled environment, these results confirmed
that thermal treatment during the lairage at slaugh-
terhouses can affect mortality rates in different seasons
(Bayliss and Hinton, 1990; Bressan and Beraquet, 2002;
Bianchi et al., 2005; Barbosa Filho, 2008). However, a
reduction in preslaughter mortality as lairage time in
a controlled lairage environment increased during sum-
mer was contrary to previous reports (Hunter et al.,
1998; Warriss et al., 1999; Nijdam et al., 2004). Tt seems
likely that increased environmental control in the hold-
ing area during summer and perhaps fasting time might
be the reason for differences between previous studies
and the present study.

The previous trials concerning thermal environment
during broiler preslaughter operations were conducted
in a temperate climate, whereas this study was con-
ducted in a subtropical region. However, a large differ-
ence between temperate and tropical climates for broil-
ers was reported because of high temperature in the
tropics (Yalgin et al., 1997; Gowe and Fairfull, 2008).
Therefore, a controlled environment is essential to im-
prove the heat dissipation rate of broilers subjected to
hot and humid conditions (Simmons et al., 2003).

Regarding the environment control in holding area,
Hunter et al. (1998) studied a holding area with passive
ventilation without water misting in the United King-
dom. The birds were subjected to 4 h of lairage and the
temperature inside crates increased approximately 10°C
over a 2-h period. Bayliss and Hinton (1990), in the
same location but studying a different holding area lay-
out, reported lower mortality rates of broilers (0.2%) in
an environmentally controlled holding area with forced
ventilation and water misting during summer. The re-
sults of the present study were in agreement with that
study. When the lairage time was greater than 1 h,
under controlled environment, a lower mortality rate
(approximately 0.35%) was observed.
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One of the major arguments against lairage time is
the fasting time and energy depletion during preslaugh-
ter operations. Concerning this point, Warriss et al.
(1999) and Nijdam et al. (2004) considered that the
high mortality during transport and lairage was attrib-
utable to feed and water withdrawal, which causes met-
abolic exhaustion and, consequently, increased mortal-
ity rates. However, in the present study, the total feed
withdrawal period included all preslaughter operations
(catching, loading, transport, and lairage at slaughter-
house) for birds transported during 2006, contrary to
prior studies. In other words, all broilers experienced
the same amount of time of feed withholding. This lo-
gistic control might reduce the variability of the opera-
tion time and the preslaughter losses. Also, with the
environmental control in the tropical regions, this prac-
tice allows improvement of broiler welfare during lai-
rage and reduced mortality. This is in accordance with
Bianchi et al. (2005), who reported that lairage time
did not affect mortality rate because of environmental
control of the holding area and concluded that a correct
planning of feed withdrawal (taking into account the
time birds spend fasting on the farm, in transit, and in
lairage at the processing plant) is necessary to reduce
the risk of death before slaughter. Moreover, Ritz et al.
(2005) and Naés et al. (1998) showed that the environ-
mental temperature with distribution of cooled air into
the crates had great influence on mortality at the stage
of lairage. This is only possible with a waiting time
that allows the birds to return to thermal balance and
therefore enhance survival.

Differences in mortality between winter and autumn
were not, observed in this study. During the winter, lai-
rage time in a controlled environment did not show
any effect on mortality rates (P > 0.05). This could
be explained by the thermal profile during these sea-
sons, classified as comfort in most months. According
to Bressan and Beraquet (2002), in days of thermal
comfort, the lairage time with a controlled environment
can either be kept short or excluded from the process, if
possible. The effect of temperature below 17°C on mor-
tality rates was nil or very small, not exceeding 0.13%
of dead birds before arrival (Warriss et al., 2005). Simi-
lar results were found in the present study, in which
average preslaughter mortality registered during winter
and autumn was 0.28 and 0.23%, respectively.

We conclude from the current study that the increase
of lairage time in an environmentally controlled holding
area reduced the mortality rate of broilers transported
in the hottest seasons of the year in the subtropical
climate. A lower mortality rate was observed in broiler
flocks exposed to a controlled lairage environment for 3
to 4 h in summer and spring, and in flocks maintained
for 1 h of lairage in winter and autumn, under the same
environment control at the holding area. Therefore, the
controlled lairage environment could be implemented
during hot periods, regardless of season, to improve
welfare and reduce mortality.



PRESLAUGHTER MORTALITY OF BROILERS

ACKNOWLEDGMENTS

This study was supported by funds provided by the
Sao Paulo Research Foundation (FAPESP; Sao Pau-
lo, State of Sao Paulo, Brazil). Thanks to EMBRAPA
Cattle-Southeast (Sao Carlos, State of Sao Paulo, Bra-
zil), especially Odo Primavesi, for allowing the access
to the meteorological data.

REFERENCES

Barbosa Filho, J. A. D. 2008. Caracterizacao quantiqualitativa das
condigoes bioclimaticas e produtivas nas operagoes pré-abate de
frangos de corte. PhD Thesis. Escola Superior de Agricultura
‘Luiz de Queiroz,” Univ. Sao Paulo, Piracicaba, Sao Paulo, Brazil.

Barbosa Filho, J. A. D., F. M. C. Vieira, I. J. O. Silva, D. B. Garcia,
M. A. N. Silva, and B. H. F. Fonseca. 2009. Transporte de fran-
gos: Caracterizacao do microclima da carga durante a estacao de
inverno. R. Bras. Zootec. 38:2442-2446.

Bayliss, P. A., and M. H. Hinton. 1990. Transportation of broilers
with special reference to mortality rates. Appl. Anim. Behav.
Sci. 28:93-118.

Bianchi, M., M. Petracci, and C. Cavani. 2005. Effects of transport
and lairage on mortality, liveweight loss and carcass quality in
broiler chickens. Ital. J. Anim. Sci. 4:516-518.

Bressan, M. C., and N. J. Beraquet. 2002. Efeito de fatores pré-abate
sobre a qualidade da carne de peito de frango. Ciénc. Agrotec.
26:1049-1059.

Dunn, P. K., and G. K. Smyth. 2006. dglm: Double generalized lin-
ear models. R package version 1.6.1. Accessed May 2007. http://
cran.r-project.org/web/packages/dglm/index.html.

Gowe, R. S.; and R. W. Fairfull. 2008. Breeding for resitance to heat
stress. Pages 1329 in Poultry production in hot climates. N. J.
Daghir, ed., Wallingford, UK.

Gregory, N. G. 2010. How climatic changes could affect meat quality.
Food Res. Int. 43:1866-1873.

Hunter, R. R. 1998. Physiological responses of broilers to preslaugh-
ter lairage: Effects of the thermal micro-environment? Br. Poult.
Sci. 39:53-54.

Knight, K. 2000. Mathematical Statistics. Chapman and Hall, Boca
Raton, FL.

Koppen, W. 1936. Das geographische System der Klimate. Pages
1-44 in Handbuch der Klimatologie. W. Koppen, ed. R. Geiger,
Berlin, Germany.

McCullagh, P., and J. A. Nelder. 1989. Generalized Linear Models.
Chapman and Hall, London, UK.

Mitchell, M. A., and P. J. Kettlewell. 1998. Physiological stress and
welfare of broiler chickens in transit: Solutions not problems!
Poult. Sci. 77:1803-1814.

Naas, I. A., R. P. Gouveia, and 1. J. O. Silva. 1998. Avaliagao de
sistemas de resfriamento no ambiente de espera em caixas trans-
portadoras de frangos de corte utilizando ventilagao e nebuliza-
cao. Rev. Eng. Rur. 9:50-55.

2133

Naas, I. A., M. Y. Miragliotta, M. E. C. Aradas, I. J. O. Silva, and
M. S. Baracho. 2001. Controle e sistematizacao em ambientes
de producao. Pages 31-87 in Ambiéncia e Producao de Aves em
Clima Tropical. I. J. O. Silva, ed. FUNEP, Piracicaba, Brazil.

Nijdam, E., P. Arens, E. Lambooij, E. Decuypere, and J. A. Stege-
man. 2004. Factors influencing bruises and mortality of broilers
during catching, transport, and lairage. Poult. Sci. 83:1610
1615.

Pereira, A. R., L. R. Angelocci, and P. C. Sentelhas. 2002. Agro-
meteorologia: Fundamentos e Aplicacoes Préticas. Agropecudria,
Guaiba, Brazil.

Petracci, M., M. Bianchi, C. Cavani, P. Gaspari, and A. Lavazza.
2006. Preslaughter mortality in broiler chickens, turkeys and
spent hens under commercial slaughtering. Poult. Sci. 85:1660—
1664.

Quinn, A. D., P. J. Kettlewell, M. A. Mitchell, and T. Knowles.
1998. Air movement and the thermal microclimates observed in
poultry lairages. Br. Poult. Sci. 39:469-476.

R Development Core Team. 2006. R: A language and environment
for statistical computing. Accessed May 2007. http://www.r-
project.org/.

Ritz, C. W., A. B. Webster, and M. Czarick. 2005. Evaluation of
hot weather thermal environment and incidence of mortality as-
sociated with broiler live haul. J. Appl. Poult. Res. 14:594-602.

Rodrigues, V. C., I. J. O. Silva, F. M. C. Vieira, and S. T. Nasci-
mento. 2011. A correct enthalpy relationship as thermal comfort
index for livestock. Int. J. Biometeorol. 55:455-459.

Simmons, J. D.; B. D. Lott, and D. M. Miles. 2003. The effects of
high-air velocity on broiler performance. Poult. Sci. 82:232-234.

Simoes, G. S., A. Oba, T. Matsuo, A. Rossa, M. Shimokomaki, and
E. I. Ida. 2009. Vehicle thermal microclimate evaluation dur-
ing Brazilian summer broiler transport and the occurrence of
PSE (pale, soft, exudative) meat. Braz. Arch. Biol. Technol.
52:195-204.

Smyth, G. K., and A. P. Verbyla. 1999. Adjusted likelihood methods
for modeling dispersion in generalized linear models. Environ-
metrics 10:695-709.

Vecerek, V., S. Grbalova, E. Voslarova, B. Janackova, and M. Male-
na. 2006. Effects of travel distance and the season of the year on
death rates of broilers transported to poultry processing plants.
Poult. Sci. 85:1881-1884.

Vieira, A. M. C., R. A. Leandro, C. G. B. Demétrio, and G. Mo-
lenberghs. 2011. Double generalized linear model for tissue cul-
ture proportion data: A Bayesian perspective. J. Appl. Stat.
38:1717-1731.

Warriss, P. D., T. G. Knowles, S. N. Brown, J. E. Edwards, P. J.
Kettlewell, M. A. Mitchell, and C. A. Baxter. 1999. Effects of
lairage time on body temperature and glycogen reserves of broiler
chickens held in transport modules. Vet. Rec. 145:218-222.

Warriss, P. D., A. Pagazaurtundua, and S. N. Brown. 2005. Rela-
tionship between maximum daily temperature and mortality of
broiler chickens during transport and lairage. Br. Poult. Sci.
46:647-651.

Yalgin, S., P. Settar, S. Ozkan, and A. Cahaner. 1997. Comparative
evaluation of three commercial broiler stocks in hot versus tem-
perate climates. Poult. Sci. 76:921-929.



