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Abstract

The process of transporting broilers from the farm to the slaughterhouse is critical for animal welfare and for the production economy. During
the transport process, the animal may suffer and die and this situation negatively affects animal welfare and profitability. The present study
aimed to assess the impact of ambient temperature on the death rate, reject rate, and total economic loss in broilers during transportations
in Turkey. The data of a total of 1,015,336 broilers transported for a two-year period were collected from a commercial abattoir. The average
ambient temperature of the exact days of consignments was divided into three subgroups: Temperature (T), T1 (10.0-14.0 °C), T2 (14.1-19.0
°C), T3 (19.1-24.0 °C). The average death rates were 1.890%, 1.393%, 0.326%, and reject rates were 1.151%, 1.611%, and 1.441% found for T1,
T2, and T3, respectively. Analysis of data showed the significant (p<0.001) effect of the ambient temperature on the death rate, and the higher
impact was observed for T1 and lower for the T3. The reject rate among all groups was statistically significant (p=0.044), and the highest reject
rate was found in T2 while the lowest reject rate was found in T1. The net economic loss due to rejected birds and death were 35,403 US$
and 30,692 US$, respectively, while the total economic loss was 66,095 US$. In conclusion, the results of the present study showed that death
rate, reject rates, and dressing percentage are impacted by the ambient temperature. Furthermore, death rates, rejection rates, and potential
economic losses of the birds are linked with transportation from farm to the processing plant, and there is a need for management strategies
to be refined through research by assessing the on-farm to processing plant risk factors, their linkages, as well as their potential contributions
in Turkish integrated broiler production system.
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Introduction

Transportation of poultry is a required but stressful com-
ponent of an integrated broiler production system. This
stressor may cause discomfort and even death, which is
more likely when animals have poor health conditions.
Death rate of the poultry during transportation increased
over the last decades, and researchers are working on var-
ious aspects to identify the different risk factors associated
with the pre-slaughter death rate of the poultry.' Various
on-farm and pre-slaughter risk factors involved in the
death of the birds are reported as the flock size, sex, age,
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on-farm mortality and culling, feed withdrawal and pre-
vious pathological condition, catching day, catching time,
catching method, stocking density and size, vehicle, trans-
portation time, season, environmental condition, trans-
portation and lairage duration.**

Many conditions during transportation are critical risk
factors, and a chicken's death is a response to these vital
conditions. Thermal conditions during transportation
have primary concern and drop the survival percentage
of the transported poultry.” These thermal conditions vary
according to the geographical location, season, and trans-
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portation factors. A study in Brazil reported a death rate of
0.42% in summer and 0.28% in the winter season.’ Simi-
larly, Whiting et al.® found that the high summer tempera-
ture influences the poultry mortality in Canada. Similarly,
Knezacek et al.” found higher mortality rates during the
most elevated cold weather and reported the death rate up
to 1.4% in Canada. Another study in Italy® reported higher
death rates on arrival (0.47%) in summer months where
temperature remains above 25°C and Relative Humidity
(RH) more than 70%. Vecerek et al.1 reported the highest
death rate due to transport (0.55%) in winter months than
in summer (0.30%). They founded a rise in death rate with
increased transportation distance in all seasons except
summer in the Czech Republic.

Another study’ reported 40% and 35% death on arrival due
to thermal stress and injuries during catching, handling,
and transportation of the poultry, respectively. These birds
constitute an economic loss because they are deemed un-
suitable for human consumption. Furthermore, they also
demonstrated that the annual economic loss due to dead
on arrival was 325,0008. In Turkey, Aral et al."’ studied the
influence of transportation time on body weight shrinkage
and the death rate. They reported that the death rate ranges
from 0.29% to 0.41% depending upon the transportation
distance. Another study in Turkey'' declared the overall
loss in the broiler chickens due to transportation length,
age of the birds when slaughtering, and seasonal effects;
and reported the significant influence of all these factors
on the mortality rate due to transportation. Later the same
study also noted that the death rate in long transport dis-
tances was similar in the winter and summer months.

In Turkey, the types of vehicles used for transportation of
broilers do not regulate climatic conditions of chickens in-
stantly. Most broiler chickens are shipped in trailers that
wholly or partly open on the sides. The sides of the trailer
may also be partially or entirely closed, depending on the
environmental conditions. The circumstances under which
the chickens travel are determined by the environmen-
tal conditions, ventilation of crates, and stocking density.
Many factors have been reported to affect the mortality
rates for broiler transportation. However, little information
is available on the influences of ambient temperature on
the mortality rates, reject rates and their economic impacts
on Turkish transportation conditions and are needed to be
addressed.

The present study aimed to investigate the effect of the
daily ambient temperature on the death rate, reject rate
due to transport of broilers to the slaughterhouse and
the economic implications of these parameters under the
commercial conditions in Turkey. Transportation thermal
stress and injuries during catching, handling and transpor-
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tation are also the factors influencing the welfare and meat
quality of broilers. Resolving the death rate and reject rate
associated factors may decrease the welfare issues and eco-
nomic losses in the poultry processing sector.

Material and Methods

The data of this study were collected from a commercial
poultry slaughterhouse in Turkey. A total of 1,015,336
broilers were slaughtered during the evaluated period. The
data were collected retrospectively, and the evaluation pe-
riod was two years (2019-2020). Overall, the data of 153
trucks of broilers were assessed, and the death rate was cal-
culated per truck of transport. To evaluate the effect of am-
bient temperature on death rate and rejects rate, the daily
average ambient temperature of the exact days of consign-
ments were categorized into three groups: Temperature 1
(10.0-14.0 °C), Temperature 2 (14.1-19.0 °C), Temperature
3 (19.1-24.0 °C). The temperature was assessed in Celsius
(°C). The number of animals transported in each subgroup
were 394,673; 157,93; 462,702 for Temperature 1, Tem-
perature 2, Temperature 3, respectively. The daily average
temperature as Celsius measured by the nearest meteoro-
logical station to the slaughterhouse was collected from the
archives of the Meteorological Institute of the Ministry of
Agriculture of Turkey." The distance from the meteorolog-
ical station to the slaughterhouse was 5.1 km.

Death rate was assessed by counting the number of ani-
mals that died from catching at the farm to the shackling
(hanging chicken upside down for slaughter) process at
the slaughterhouse and dividing the total number of dead
chickens by the total number of birds loaded for transport.
The death rate was counted for each transportation (Equa-
tion 1).

Death rate of each transport= (number of animals died/
number of animals transported) x 100 (1)

Some of the birds were rejected at the slaughterhouse for
several reasons, such as pre-slaughter handling, during
the slaughter process (mistakes caused by slaughter equip-
ment), problems in the body of hens. The problems in car-
cass were emaciated carcasses, broken legs or wings, and
other morphological deformities in carcasses. The reject
rate was counted for each transportation (Equation 2).

Reject rate of each transport= (number of animals slaugh-
tered - number of carcasses rejected)/number of live ani-
mals slaughteredx100 (2)

The dressing percentage was calculated per truck and it
was calculated by counting the total live body weight of an-
imals slaughtered and the total carcass weight exited from
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the slaughterhouse (Equation 3).

Dressing percentage=(Total carcass weight of animals
slaughtered / Total live body weight of animals slaugh-
tered) x 100(3)

After calculating the death and rejects rate, the total eco-
nomic loss due to these animals (death and rejected) were
calculated in US dollars. The cost of 1 kg live body weight
of broilers at farm gate was 1.1 US $ at the time of evalu-
ation.

The normality of the data was tested by using Shapiro-Wilk
test and the data were providing parametric test assump-
tions (normal distribution, homogeny of variances).
Therefore, for multiple comparisons, One-Way ANOVA
test was used; and Duncan test was performed as a post
hoc test. The statistical significance level was accepted as
p<0.05. The statistical analysis was performed by the IBM
SPSS Statistics 23 program. "’

Results

The results of the death rate and reject rate as percentages
are presented in Table 1. According to different ambient
temperatures, the death rates were significantly different
among each other (p<0.001). The death rate in the T1
group was highest among all groups (1.890 %). The dress-
ing percentage among all groups was significantly different
(p<0.001). The highest dressing percentage was found in
the T3 group (78.013%). When average body weight of an-
imals before transport was compared among all groups, a
significant difference was found (p<0.001). The lowest av-
erage body weight was found in the T3 group (2.169 kg).
The reject rate between all groups was found significant
(p=0.044). The highest reject rate was found in T2 group
Table 1. Death Rate, Reject Rate, Dressing Percentage and Body Weight

according to different ambient Temperature (Mean+SEM).

Number Dressing Average Body
Temperature Death Rate Reject Rate
of Trucks Percentage Weight (kg)
) %) %)
() (%)
T
62 1.890+£0.273*  1.151+0.056°  77.133+0.123>  2.466+0.037*
T2"
24 1.393+0.182°  1.611+0.142°  77.212+0.233°  2.584+0.060°
T3"
67 0.326+0.027° 1.441+0.138%  78.013+0.134*  2.169+0.030°
p-value <0.001 0.044 <0.001 <0.001

(1.611%), while the lowest rate was found in T1 group
(1.151%).

The total number of transported animals, dead animals,
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and rejected animals are presented in Table 2. Overall,

Table 2. The total number of transported, death, and rejected animals

according to different ambient temperatures.

Total Number  Total Number  Total Number
of Animal of Death of Rejects
Transported Animals
T1" 394,673 7,621 4,392
™* 157,963 2,200 2,425
T3" 462,702 1,579 6.957
Total 1,015,338 11,400 13,774

*T1, T2, and T3 refers to ambient temperatures of 10.0-14.0 °C; 14.1-
19.0 °C; 19.1-24.0 °C, respectively.

11,400 animals were dead, as well as 13,774 animals were
rejected after the transportation.

The total live weight loss due to death and rejected ani-
mals; and the total economic loss due to death and rejected
birds are presented in Table 3. There was 27,903 kg of body
weight loss due to death and 32,186 kg of body weight loss
due to rejected animals, over among all evaluated animals.
The economic loss due to death was 30,692 $, while the
total economic loss due to rejected animals was 35,403 $.

Table 3. Total body weight loss and economic loss due to death and

rejected animals according to different ambient temperatures.

Total Body
Total Body Total Total Overall
Weight Loss
Weight Loss  Economic Economic Loss  Economic
Due to
Due to Loss due to due to Rejects Loss
Reject
Death (kg)  Death (US $) US$) (US $)
(kg)
T1® 18,793 20,672 10,830 11,913 32,585
T2 5,684 6,253 6,266 6,892 13,145
T3" 3,424 3,767 15,089 16,598 20,365
Total 27,903 30,692 32,186 35,403 66,095

*T1, T2, and T3 refers to ambient temperatures of 10.0-14.0 °C; 14.1-
19.0 °C; 19.1-24.0 °C, respectively.

Overall, the total economic loss due to death and rejected
animals was 66,095 $.

Discussion

Commercial broiler production is globally increasing every
year to meet the nutritional requirements of the dramati-
cally growing human population. In Turkey, approximately
258 million broilers were slaughtered in 2020."* At slaugh-
tering age, in an integrated commercial broiler production
system, transportation of the broiler is an essential process,
and the environmental conditions, mainly the temperature
is a critical factor that alters the bird's physiology, meat
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quality, affects the welfare and have economic impacts.>'>'®

In this study, the maximum mortality was observed at T1,
and the lowest mortality rate was found at T3 (Table 1).
Similar to present results, Grilli et al.” also reported the
highest mortality rates during the cold season and low-
est in the autumn season. However, the mortality values
were lower compared to the present study. These variations
might be due to the temperature differences at different
seasons. The death rate because of thermal stress also var-
ies based on the daily temperature fluctuations in different
seasons. Vecerek et al.> also reported the highest mortali-
ties both in cold and hot months during the long transpor-
tation distances for processing. Similarly, in Turkey, Ari-
kan et al."’ studied the seasonal effects on broiler mortality
during transportation and reported higher mortalities
during the summer. Later the authors noted that the death
rate in winter months was like the summer period in long
transport distances. During the winter season, birds clos-
er to open sides suffer from cold and irregular air pattern
within the vehicle, which results in higher temperature and
suffocation, heart rate and respiration process gets affect-
ed.?*?! Furthermore, loss in the physiological ability of the
birds to cope with these stressors results in the death of
the birds.” In Turkey, sometimes on cold days, to stabilize
temperature within the vehicle for the bird, the sides of the
trailers are covered with curtains to a certain extent. Even
at the lower outside temperature, inner temperature rises,
which is supportive to the birds. But a diverse pattern of
airflow results in unfavourable temperature and humidi-
ty levels for certain birds, increasing the bird's core body
temperature.

Vieira et al.’ studied the effects of different seasons on the
bird's mortality during transport and reported the highest
mortality in summer (0.48%) than in winter (0.28%). These
differences might be due to the difference in transport con-
ditions and temperature, which was higher than 22°C, and
the author stated that the pre-slaughter mortality during
summer decreased when the controlled environment en-
hanced the lairage period. Similarly, other researchers sug-
gested that in summers, a controlled environment lairage
period of 3h to 4h should be provided to minimize the ef-
fect of heat stress during the transportation on the meat
quality and death rate before slaughter.” On the other hand,
Dadgar et al.’ showed that a 20% more negative impact
of the two-hour lairage period occurred when birds were
transported at -8°C pre-slaughter. Bianchi et al.** reported
that pre-slaughter fasting duration is more critical con-
cerning the death of the birds and found no impact of the
lairage time on the pre-slaughter death rate of the birds.
Warriss et al.” reported that the temperature above 17°C is
more detrimental to broilers during transport and causes
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more deaths than the temperature below 17°C up to 0°C.
Because evaporative cooling from the respiratory tract is an
effective way of losing heat in poultry at high temperatures
and the birds start panting when exposed to heat stress.
However, evaporative processes may become less efficient
or inefficient in high temperature and humidity. Like War-
riss et al.” experiment, since ambient temperatures are in-
cluded in the analysis, they do not reflect the maximum
temperature that the birds may have encountered on any
given day during transport.

In the present study, T3 had the highest dressing percent-
age, and the lowest was observed in T1 (Table 1). Napper
et al.”” studied the cellular mechanism to the thermal stress
and reported that the cold and heat stress both initiate
different cellular mechanism but ultimately results in the
change in meat quality. At higher environmental tempera-
tures, birds experience heat stress, resulting in mortality.**
But extreme cold (below -8°C) exposure to the birds lowers
the blood glucose, core body temperature and induces liv-
er shrinkage.'s Over and above that, manual catching and
loading of broiler birds in cold weather are stress-causing,
and the heart rate rises during these periods. Exposure of
the birds to the cold environmental temperature results in
high energy demand, and it increases the metabolism of
the birds through glycogenesis and impacts on the meat
quality and weight shrinkage.”® Aral et al.'” also showed
that the highest weight shrinkage occurred in the heavi-
est birds during long-distance transport to the processing
plant.

The effect of ambient temperature on reject rate was signif-
icant when all three groups compared. Similar to our re-
sults, Nijdam et al.”” founded the effect of the season and the
ambient temperature during transportation on the bruises
occurrence significant in the broilers. During transport, in
thermal stress, birds show behavioural response, change
their location and direction to resist, and sometimes climb
up to each other, and that causes injuries.” A low densi-
ty of the birds in the pens during transportation allows
the birds to regulate their body temperature.” However,
the higher space to the birds during the transportation is
also directly related to the injuries during transport, which
may increase the chance to reject rates. Contrarily, Dos
Santos et al.”® also reported a non-significant effect of sea-
son and transportation timing on the bruises and injuries
of broilers. These differences in results can be on-farm to
processing plan management practices. In addition to the
temperature and season, more attention should be paid to
the birds during catching to reduce the chances of bruis-
es, wings, and leg bone breakage. Birds encounter stress-
es during catching and loading and may undergo bruises,
wing and leg bone fractures, and haemorrhages.” Rough



Cavusoglu & Riaz 2021

catching and handling of the broilers may result in inju-
ries, and even can lead to death.” Big flock size and higher
catching time reduce labour efficiency.® In Turkey, the birds
are being caught manually, and the handlers catch and hold
the birds either one or two legs in an inverted position and
continue the catching till many birds are in their hands.
After capturing, the birds are delivered into the crates or
transferred to the other person who places the birds in the
trucks. During this, manual catching, bending, handling,
and transferring on a routine basis makes the works hectic,
and inattentive handling leads to injuries and stress to the
birds.

Furthermore, due to fear and stress, the birds flap their
wings during handling, resulting in injuries and wing
problems in some birds. Jacobs et al.'® reported that the
wing fracture raised 1.76% after manual catching. Warriss
et al.” also noted that the day of catching affects the death
rate, and this rise in death rate was not associated with
temperature fluctuation within the week.

During the manual loading of the birds to the vehicles
with the drawers, the birds can be trapped in the drawers
during the closing, which can cause injuries. Kittelsen et
al.?

up to 1.4% of the flocks transported in modules containing

examined at lairage time and reported wing injuries

drawers. A recent study reported that the high per crate
density during transport increases the bruises percentage
(3.37%) in broilers.* On processing plants from receiving
to post-slaughter, injuries may occur, which may raise the
reject rates of birds or their meat.* All these bruises, trau-
mas, wing and leg dislocations, sternum, and other bone
fractures result welfare concerns to chickens, rising reject
rates and ultimately economic loss. Overall, economic loss
due to death and reject rates were also analysed, and it is
emphatic that the reject rate in this study was higher than
the mortality rates. Similarly, Aral et al.' also reported a
severe loss due to mortality and weight shrinkage during
transportation.

Conclusion

In conclusion, on-farm catching, and handling and trans-
portation conditions affect the death rate, reject rates, and
overall economic loss. It is important to note that all these
losses can be reduced by proper on-farm management and
transportation practices. If the death rate and reject rate in-
crease from the adjusted ranges, then the processing plant
owners, veterinarians and supervisors must take detailed
action and notify the supervisors to enhance the on-farm
and transportation management conditions critically. Al-
though the average daily temperature is analysed and hu-
midity was not included in the study;, it is suggested that to
optimize the transportation condition, transportation tem-
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perature, humidity, and their impact on the welfare and
mortality of the birds should be evaluated. Further, in Tur-
key, future studies should be organized to analyse the risk
factors from on-farm loading to the end of the slaughter
process and their interaction to minimize the pre-slaugh-
ter economic losses.
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