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ABSTRACT: The increasing of global demand for food has required more efficiency in the
production process. Transportation represents a source of body dehydration for pigs transported
from farm to slaughterhouses. This study aimed to evaluate the effects of the distances on the body
dehydration of pigs transported to slaughter in tropical conditions. We analyzed 350 pigs shipments
with a total of 68,588 heads using statistical software SAS by anova, means and corr procedures.
The results showed a liveweight loss estimated at 12% which was increased gradually as the
distance increased as pigs were deprived of water for a long time. The most cost-effective distance
for the pigs’ transportation under tropical condition is within the range below 100 km, where there
were not detected weight losses (p < 0.05).
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INTRODUCTION

The increasing global demand for food and the food security had required studies about loss
reduction (FAO, 2013). Quantifying losses and wastes that happens along productive food chain has
been a constant challenge for researchers (RITTER et al., 2009; TEMPLE et al., 2011; DAWKINS,
2012; LEAT & REVOREDO-GIHA, 2013; REIS et al., 2015). The index for losses in meat
production in Latin America is near 22%, and 1% refers to the pre-slaughter logistics (FAO, 2011).
In Brazil, food losses and waste are estimated in $ 12 billion per year (BCFN, 2012). However,
more than financial impacts, it is an important measure the efficiency of the process and reassures
an adequate animal treatment and meat quality.

Multifactorial issues related to management, fasting, boarding, drivers’ behavior, and
transportation, might interfere in pigs’ pre-slaughter losses (FITZGERALD et al. 2009; RITTER et
al., 2009; BECERRIL-HERRERA et al., 2010; OCHOVE et al., 2010; MARAHRENS et al., 2011).
Several variables have been used to assess animal welfare during transportation that has a broad
range of effects on pig's physiology. Amongst those, there are heat distress, feed and water
deprivation and muscle exertion (SUTHERLAND et al., 2012). Animal distress occurs from
loading, journey and unloading activities, and the distress may result in meat loss, named as pre-
slaughter logistic injuries. The percentage of mortality might indicate meat loss, as well as the
number of lesions and condemnation rate (KAPELANSKI et al.,, 2009; MARAHRENS et al.,
2011). The transportation also influences meat quality such as the amount of PSE (Pale, Soft, and
Exudative), DFD (Dark, Firm, and Dry) meat (OCHOVE et al., 2010; PARANHOS DA COSTA et
al., 2012; SANTIAGO et al., 2012), and LwL (Liveweight Losses). The liveweight losses from pig
transportation are related to body dehydration that occurs when an animal is under water
deprivation for a long time. While waiting to be transported to the slaughterhouse, during the
fasting time pigs are not deprived of water. However, during the transportation process water is not
given to the pigs that may contribute to distress (LEWIS, 2008), particularly during long distances
under heat stress.

Pig production in Brazil is under sub-tropical and tropical climate where a combination of
high temperatures and air relative humidity is found. This condition associated with global warming
cause heat stress and affects production efficiency and impact in livestock production (SILVA et al.,
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2009; NAAS et al., 2010). Body dehydration is also a usual consequence of long journey under hot
weather conditions. Gilts transported after 18 and 30 h, under average ambient temperature 25.8 and
28.6 °C with a minimum around 17.1 and 17.9 °C and a maximum of 36.1 and 40.1 °C, presented
higher albumin levels, suggesting that dehydration increased with transport duration
(SUTHERLAND et al., 2012).

The transportation process is a source of welfare risk, and represent an essential operation for
pig production that involves several sectors of the productive chain (BRYER et al., 2011). The
effect of distance and transportation conditions in the animal welfare and meat quality have been
investigated. Effects of three ranges of transportation distance on pork quality parameters, stress
indicators, and mortality rate was assessed by OCHOVE et al. (2010), that found the quality
parameters did not affect by distance ranges, but the short distance showed higher number of
animals with fatigued signs and long distance showed the higher mortality rate comparing with
literature.

Evaluating five effects of transport period on the physiology of breeding age gilts, BRYER et
al. (2011), concluded that gilts transported for a period up to 30 h experience acute stress and
change in homeostasis due to dehydration, food deprivation and transport. MARAHRENS et al.
(2011), considered animal transport condition to estimate the hazard and risks characterization in
qualitatively and quantitatively aspects and the exposure assessment and suggest the guidelines to
animal welfare risk assessment on transport need for further investigation and evaluation of
multiple scenarios to enable practical relevance, due to general lack of data of transport effect on
the animal resulting in a high uncertainty of risk estimates.

However, pig weight or meat losses from transportation under tropical conditions are not
assessed yet. Therefore, this study focused on identifying body weight losses from the dehydration
of the pigs transported under tropical condition in different ranges of distance extra short, short,
medium and long. The appropriate distance for pig transportation to the slaughterhouse was also
studied aiming to decrease meat losses and to ensure proper animal welfare in this particular
segment of the production chain.

MATERIAL AND METHODS

Database for this study were provided by a commercial farm located in the State of Mato
Grosso do Sul, Brazil (21°15'23" S and 52°2'29" W) and the analysis period was from January to
May, 2013. The farm was located in a region with warm weather in summer with air temperature
(Ta) range from 21.6 to 32.2 °C (average Ta=26.3 °C, RH=75%, Precipitation=227.33 mm) and
cold dry air in winter with air temperature range from 14.8 to 28.4 °C (average Ta=23.3 °C,
RH=52.7%, Precipitation=25.33 mm), the annual precipitation ranges from 19 to 269 mm (average
annual =1,435 mm) (FLUMIGNAN et al., 2015).

Animals, handling, and logistics operations

Three hundred and fifty shipments of commercial pigs in the finishing stage with 156 days
were analyzed. The shipments occurred in 139 double-decker trucks with wooden body type and
211 three-store flatbed trucks with metal body. The double-decker trucks were divided into 12 pens
(six on the lower level and six on the top level). For each pen, ten animals were allocated,
depending on the weight; meaning up to 120 animals per shipment could be transported. The three-
store flatbed trucks had eight pens per store, totaling 24 pens. Up to 10 animals were carried per pen
enabling the vehicle to move 240 animals (minimum) and 280 animals (maximum), depending on
the weight of the pigs.

For the present study, the shipment was conducted with 110 and 240 pigs per truck
respectively, totaling 68,588 heads, with a weight ranging from 90 to 130 kg.

The fasting time applied on the farm was standardized to six hours prior to collection, and
animals had access to water until loading. During loading, there was no mixing of batches and ten
animals were handled at a time. A sisal bag was used for guiding the animals in the right direction.
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The ramps that gave access to the truck were narrow (0.80 m) and built with cement, with
some parts in bars and metal panels. The fixed part of the loading ramp was made of concrete, and
the mobile part was of metal, with slatted floor, to prevent the animal from slipping on smooth
surfaces. The loading of animals occurred twice a day, usually in the morning at 7:00h, and in the
afternoon at 15:00h.

Treatments

The classification of the journey period between short and long was based on BENCH et al.
(2008), that consider transportation time for journeys between 2 and 9 h were short, and journeys
above 9 h were found long; and PILCHER et al. (2011), that classified as a long journey period
above 3 h. Thus, in the present study we classified as extra short the transportation period for
journey up to 2.99 h, short for transportation period between 3 and 3.99 h, medium for
transportation period between 4 and 7.99 h and long for transportation period above 8 h (Table 1).

TABLE 1. Characteristics of pig’s transportation period.

"ansportation ' Distance (km) Duration range (h)  Average speed (km/hy*

Period
Extra Short 29 3,360 Up to 99.99 Up to 2.99 45
Short 93 10,851 100 -299.99 3-3.99 70
Medium 115 10,200 300 —499.99 4-7.99 75
Long 113 44,177 500 - 800 8-11 80

N = number of shipments per transportation period; n’ = number of pig heads per transportation period; *average estimated.

The mean values of pigs’ weight were estimated before and after transportation period (extra
short, short, medium and long period). Thus, the average pig weight on the farm (PWF, kg), average
pig weight on arrival at the slaughterhouse (PWAS, kg), average weight loss during transportation
(WLT, kg), and the average weight loss per hour (WLH, kg) were determined for four ranges of
transportation period. The weight losses that occurred during transportation reflect the difference
between the weights of the living animal at loading on the farm and the arrival at the
slaughterhouse. The weight loss per hour indicates the relation between the total weight loss and the
transportation time from the farm to the slaughterhouse.

Data Analysis

For the variance analysis, the Duncan test and the Pearson correlation were applied, and
significance was set at p < 0.05. The statistical data processing was conducted using PROC
ANOVA, MEANS, GPLOT, and CORR by the computer program SAS, version 9.0
(STATISTICAL ANALYSIS SYSTEM, 2014).

RESULTS AND DISCUSSION

The distance between the farm and the slaughterhouse ranged from 67 to 716 km. The
average weight of the commercialized pig is between 90 and 130 kg, presenting weight losses
between 0 and 13.42 kg, which represents weight losses of 12%. The high value of loss liveweight
is a response from pigs in stressful environment. The average weight loss per hour was between 0
and 2.99 kg. The body weight loss of pigs increased gradually according to the transportation and
ranging from 0 to 13.42 kg from extra short to long period. The loss occurred in a long
transportation period was almost the double compared to the average value in short and medium
transportation period (Table 2).

Mortality rate, carcasses showing foot lesions and abrasions, pigs with stress symptoms, and
the loss of liveweight usually classify losses by transportation (FITZGERALD et al., 2009).
However, these losses are associated with poor animal welfare during pre-slaughter logistics and
management. Observing pigs during transportation process is an opportunity to reduce losses,
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because according to TEMPLE et al. (2011), changes in pigs behavioral represent the first level of
response of animal to an aversive environment. SUTHERLAND et al. (2012) found the loss of
liveweight at extreme temperatures; high density or inadequate practices followed by long duration
transport affect pig’s physiology. Pigs travelled for 8 and 16 h presented acidosis, hypocapnia,
hypoxemia, hypernatremia, hypercalcemia, higher than normal glucose and increased lactacidemia
and hematocrit levels (BECERRIL-HERRERA et al., 2010).

TABLE 2. Descriptive analysis for the weight difference among transportation period extra short,
short, medium and long.

Transportation

Period N n' Average weight loss in transportation (kg), per head
Min. Average Max. SD
Extra Short 29 3,360 0.00 0.00 0.00 0.00
Short 93 10,851 0.22 2.24 8.97 1.18
Medium 115 10,200 0.04 2.73 13.00 1.89
Long 113 44,177 0.42 4.24 13.42 1.90
Total 350 68,588 0.00 2.86 13.42 2.02

N = number of shipments per transportation period. n” = number of pig heads per transportation period. SD = Standard Deviation.

In the present study, the total average liveweight loss during transportation was 196.16 tons
for the analyzed periods, which represents about 39.23 tons per month or even an estimated 470.78
tons per year. REIS et al. (2015) studying occurrence of losses in pork supply chain in tropical
conditions estimated a total of US$ 159,990.00 per year.

Animal welfare is a usual concept applied by the farmers during the production stages in
Brazil. Farmers understand animal welfare as a practice to reach more productivity due to produce a
competitive animal (SANTIAGO et al., 2012). However, animal welfare involved in the
transportation processes is under different perception by pig farmers. Transportation guidelines are
used in developed countries (United States, Canada, and European Union) different from the
scenario in undeveloped countries (BENCH et al.,, 2008; BRYER et al.,, 2011; EUROPEAN
COMMISSION, 2011). In Brazil, a lack of good management in some links of the meat chain leads
to economic losses (REIS et al., 2015). Guidelines are developed by organizations like the Brazilian
Agricultural Research Corporation Pork & Poultry (EMBRAPA), National Program on Humane
Slaughter (STEPS program) and Ethology and Animal Ecology Research Group (ETCO). For
example, from 2009 up to 2010, EMBRAPA Suinos & Aves and STEPS program provided a
personnel training initiatives to improve livestock welfare in Brazil and this reached more than 250
drivers and 1,500 professionals in 217 slaughter plants, respectively (PARANHOS DA COSTA et
al.,, 2012). However, the booklets for best practices in livestock management are solely
recommendation for helping farmers on production and animal welfare issues.

The body weight of the pigs on the farm differed for all transportation period (p < 0.05), with
averages between 102 and 115 kg. Already the pig body weight on the arrival at the slaughterhouse
were similar to extra short, short and long, these differed statistically from medium (p < 0.05).
However, the biggest difference comparing the body weight averages at the slaughterhouse and on
the farm occurred between long, medium and short transportation period respectively, representing
a loss of body weight during the transportation of pigs. These results disagree with PILCHER et al.
(2011) that did not find effects of short and long time on total losses (0.24%). Short and medium
transportation period showed similar results, and there were no differences among them, but they
differed by the Duncan test in relation to the extra short and long transportation period (p < 0.05).
The loss of body weight per hour followed a similar pattern, and short and medium transportation
period did not differ (p > 0.05). However, both differed from extra short and long period (p < 0.05)
(Table 3). Similar result was obtained by GOSALVEZ et al. (2006) who found that the
transportation distance affects the mortality rate, the loss of liveweight and yield (p < 0.001).
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TABLE 3. Average values for the variables PWF, PWAS, WLT, and WLH, transportation period.

Transportation

: PWF * PWAS * WLT* WLH *
Period
Extra Short 102.38¢ 102.38° 0.0° 0.0°
Short 105.54¢ 103.30° 2.24° 0.742
Medium 114.972 112.242 2.73° 0.41°
Long 107.88° 103.64° 4.24? 0.47°

*Values (kg) followed by the same letter in column do not differ statistically from p < 0.05, according to the Duncan test.

The highest concentration of body weight losses occurred to pigs transported over 300 km, in
medium and long transportation period, which showed cumulative losses of 32 and 48%
respectively. Weight loss also occurred in short transportation period, at a lesser proportion (20%)
(Figure 1).
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FIGURE 1. Loss of body weight in pigs transported from the farm to the slaughterhouse, per
transportation period.

Animals transported to long distance are exposed to variation in temperatures and air
humidity, wind, long food and water deprivation. In the present study, the pigs transported during
summer were under average air temperature 25.6+1.52 (16.9 to 36.8 °C) and average relative
humidity 71.4+12.3% (16 to 100%) and in autumn under average air temperature 21.3+2.84° C (5.1
to 33.7 °C) and average relative humidity 78.0+£10.1% (16 to 100%). Under tropical conditions, pigs
presented a high respiration rate in the afternoon and moderate in the morning (HUYNH et al.,
2006). In addition, the authors reported that the group of pigs in control treatment showed skin
temperature higher than pigs under other treatments with cooling facilities. Thus, pigs under hot
weather conditions react by maintaining high respiration rate and skin temperature, and it is critical
to the production to use cooling systems in order to reduce animal heat stress in warm climates.

Assessing PSE pork GAJANA et al. (2013), found higher incidences of PSE in animals
travelled during summer and autumn season associated as to effects of temperatures in South
Africa. Similar results were found by SANTIAGO et al. (2012), that shows 10% of the PSE pork
from 2,128 carcasses evaluated. Despite the high value of PSE pork, SANTIAGO et al. (2012)
suggest that PSE could be higher due to transportation process under tropical conditions. Authors
indicated that fasting time for 6 and 8 h applied in animals after transportation in hot weather was a
contribution to results.
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Management decision and climate information needs to incorporated into management tools
that involved livestock production, in order to reduce impact of global warming in production and
its influence the future increase on Brazilian production (NAAS et al., 2010). In addition, package
of information about real conditions from producers and consumers, provide base to decisions
concerning actually welfare, safety, environment and the cost of production (DAWKINS et al.,
2012). On the other hands, with the growing concern about food systems, the food supply chain has
a challenge to management the food safety, sustainable, and meet consumers’ expectations (LEAT
& REVOREDO-GIHA, 2013).

In the current study, pigs transported a distance smaller than 100 km under summer and
autumn condition of the state of Mato Grosso do Sul did not present loss of body weight.
FITZGERALD et al. (2009) assessed three different distances from the farm to the slaughterhouse,
under humid continental climate, with average annual temperature of 12.69°C, with extreme hot
and cold season (variation= -21.78 to 36.13°C), the weight losses were above 1.0% for the
transportation of animals over distances beyond 80 km; below 0.5% for distances of 40 and 80 km.
Distances smaller than 40 km have not had losses (p = 0.14) because the average values were
smaller than the total losses of animals transported in a distance higher than 80 km. GAJANA et al.
(2013) reported that transportation time and stocking density more than 0.4 m2 / 100 kg pig
influence in PSE pork.

The results of the present study suggest that the most cost-effective distance for pigs’
transportation to slaughter is below 100 km. According to KAPELANSKI et al. (2009), pigs
transported distances higher than 100 km showed higher body weight losses than pigs transported
over 30 km, with 2.09% and 1.16% (p < 0.01) respectively. SILVA & KALUBOWILA (2012)
suggest that the transportation of pigs from the farm to the slaughterhouse should not exceed 55 km.

Besides the long distance travelled, pigs suffer from other sources of distress such as the
mixing of batches, human-animal interaction, physical changes like the ramp, floor and vehicle
movement, exposure to the environment (temperature, humidity and radiation), and fasting
(FITZGERALD et al., 2009). Inside the truck, environmental condition is a crucial factor to reduce
body weight loss during animal transportation, as large amount of fluids due to panting and
sweating are lost (MIRANDA-DE LA LAMA et al., 2014).

The distress induced by the management of truck loading, allied to the novelty of the transport
associated with the length of the journey, increases the risk of dehydration, metabolic and physical
fatigue (OCHOVE et al., 2010; SUTHERLAND et al., 2012). EDWARDS et al. (2010) found
higher and greater change on blood lactate concentration occurred in pigs post-loading on truck (p =
0.002) and during loading (p = 0.0006) increased pHu. BRYER et al. (2011) reported that gilts
transported to a period of the 30 h showed an increase in physiological acute stress, dehydration,
and muscle breakdown. LEWIS (2008), reported that animals increased drinking post-transport to
replace water losses that occurred during the transportation process. The higher the body weight of
the pig on the farm, the greater the loss of the pig body weight upon arrival at the slaughterhouse
(Table 4).
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TABLE 4. Average weight loss during pig transportation by body weight range on the farm.

Weight Range (kg)* N n' Extra Short* Short*  Medium®™  Long*
Up to 100 32 4,110 0.00 2.12° 2.44% 1.85°
101-110 169 31,982 0.00 2.08° 3.18? 3.49%
111-120 126 27,755 0.00 3.002 2.17% 3.67%

>121 23 4,741 0.00 3.122 1.19P 4.17°
Total 350 68,588 0.00 10.63 8.98 13.18

*average body weight of pigs before transportation (kg). N = number of shipments. n' = number of pig heads per weight range.
*Values (kg) followed by the same letter in column do not differ statistically from p < 0.05, according to the Duncan test.

Pigs with the weight ranging between 110 and 120 kg as well as above 120 kg showed greater
weight loss during transport. Positive correlations (p < 0.001) between the pigs’ weight on the farm,
pigs’ weight on arrival and the liveweight loss during transportation is found in relation to the
transportation period (0.305, 0.169 and 0.328, respectively). The larger the offset distance, the
greater the animals’ weight loss. PWAS (0.951, p < 0.0001) and WLT (0.127, p < 0.05) showed
positive correlation with PWF, just as expected. This result agrees with the studies of SILVA &
KALUBOWILA (2012) who found a high correlation between carcass weight and liveweight. A
linear increase was found related to carcass weight, and with the liveweight for slaughter.
EDWARDS et al. (2010) reported consistent relationships between the phase of animal lodging on
the farm and meat quality parameters. Positive correlation (p < 0.01) was found between WLT and
WLH (0.722, p < 0.001). The variable WLH is the relationship between the liveweight losses
during transportation and the transport time between the farm and the slaughterhouse.

The appropriate time of fasting contributes to the reduction of the mortality rate in
transportation. In this study, the applied a total fasting time (resting time before transport and
journey duration) for the animals ranged from 8 to 17 hours. The eight hours fasting time did not
lead to body weight loss in pigs. However, losses increased with the increased fasting time,
estimated at an average of 2.24 kg for nine hours, 2.68 kg for 12 hours and 4.24 kg for 15 hours.
The fasting time added to the time on transportation (distance and journey time) had adverse effects
on body weight loss through dehydration and animal stress, and consequently decrease carcass
yield. However, BENCH et al. (2008) found that losses in the carcass yield appeared to a fasting
time above 18 hours.

In the present study, the losses for pigs’ body dehydration in the productive chain represent
12% assessed only liveweight of pigs.
CONCLUSIONS

Distances higher than 300 km between the farm and the slaughterhouse showed large pig’
body weight losses under summer and autumn condition of the state of Mato Grosso do Sul. This
loss represents great economic impact for pig farmers, and less carcass yield. The ideal distance for
transporting pigs is smaller than 100 km when considering no loss in liveweight loss.
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