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Abstract

Animal welfare during transport became an largely issue because of increasing demand for
improved animal welfare standards. Most studies on the animal welfare during transportation
have concentrated on the atmosphere and the temperature of the truck compartments. Thus,
the objective of study was to collect and quantify three axis acceleration and determine the
effect of bedding for transporting pigs from farm to slaughterhouse. A total of 2,840 crossbred
fattening pigs with a live weight of approximately 115 kg were used. They were raised in the
same commercial farms and transported to the same commercial slaughterhouse. A 3x2x2
completely randomized factorial design was used to investigate effects of rubber type bed-
ding (bedding or non-bedding) and two levels of driving style (aggressive or normal) in three
different time periods with different outside temperatures. Air temperature treatments were as
follow: high temperature ([HT] higher than 24°C); low temperature ([LT] lower than 10C); nor-
mal temperature ([NT] 10C to 24°C). In our experiment, pigs transported under aggressive
driving style showed lower (p < 0.05) pH and water holding capacity (WHC) than those trans-
ported under normal driving style. Pigs transported under normal driving style showed a low-
er percentage of drip loss (DL) (p < 0.05) than those transported with an aggressive driving
style. Also, transported with bedding showed higher (p < 0.05) lying behavior but lower (p <
0.05) sitting behavior than those transported without bedding. Pigs transported under normal
driving style showed lower (p < 0.05) cortisol level than those transported under aggressive
driving style. In conclusion, aggressive driving style cause acute stress in pigs, while bedding
helps alleviate acute stress in pigs during transportation in LT.
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INTRODUCTION

Animal welfare during transport became a substantial issue because of increasing demand for
improved animal welfare standards [1]. The transportation of finishing pigs to the slaughterhouse
is the final phase in pork production. Transport to the slaughterhouse is considered a complex
and stressful event for pigs [2]. These stressful events can lead to mortality, skin damage and
reduced meat quality, which can result in economic losses [3]. The stress factors associated with
transportation have been studied so far, including loading and unloading, travel length, stocking
density and climate conditions [4,5].

In addition to the factors mentioned above, the welfare of pigs during transportation is impacted
by vibration depending on the driver’s driving style [6]. Poor driving techniques such as sudden
acceleration, braking and cornering affect the ability of animals to maintain stable posture [7]. The
vibration caused by vehicle motion during transportation leads to a displacement in a pig’s center
of gravity to be displaced in vertical, lateral, and horizontal directions resulting in discomfort and
motion sickness for pigs [8]. A previous study showed that a good driving style is essential so that
their bodies remain in the correct position with stress reduced to the minimum [9]. However, the
International Organization for Standardization (ISO) does not report vibration levels that might
be uncomfortable and potentially harmful to pigs. Bedding can help reduce transport losses as it is a
significant component of the microenvironment [10]. Bedding materials such as foot battens, rubber
mat can help pigs to avoid slipping and falling [11]. Grandin et al. [12] reported that bedding with
deep straw can help to reduce frostbite. Several studies showed that bedding in the truck can help
keep pigs warm and maintain their body temperature [13,14]. However, most studies on the animal
welfare during transportation have concentrated on the atmosphere and the temperature of the
truck compartments [15,16]. Our hypotheses are: (1) pigs are exposed to vibration forces, which
can catalyze muscle fatigue and result in stress and behavior change during transportation; (2)
bedding material might be a key element in managing the microclimate and enhancing the welfare
of pigs while being transported. Thus, the objective of this study was to collect and quantify three
axis acceleration and determine the effect of bedding during the transportation of pigs from farm to

slaughterhouse.

MATERIALS AND METHODS

The protocol for this study was reviewed and approved by the Institutional Animal Care
and Use Committee of Chungbuk National University, Cheongju, Korea (approval no.
CBNUA-1740-22-02).

Animals, pre-slaughter conditions and treatments

A total of 2,840 crossbred fattening pigs with a live weight of approximately 115 kg were used. They
were raised in the same commercial farms and transported to the same commercial slaughterhouse.
Farm and slaughterhouse were located in Korea and all experiments were conducted in 2022. Pigs
were transported through 40 journeys of 40 km each that took approximately 1 hour. A 3x2x2
completely randomized factorial design was used to investigate effects of rubber-type bedding
(bedding or non-bedding) and two levels of driving style (aggressive or normal) in three different
time periods with different outside temperatures. Air temperature treatments were as follows:
high temperature ([HT] higher than 24C); low temperature ([LT] lower than 10C); normal
temperature ((NT] 10C t0 24TC).
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Measurements

Acceleration measurements

Vibrations were collected along the x-axis in the direction of travel, horizontal vibrations along the
y-axis, and vertical vibrations along the z-axis. The severity of the vibrations was measured using
single-value estimates, which was used in this paper as the vibration dose value (VDV) determined
with Peeters et al. [17]. To calculate VDV, acceleration data were filtered using a frequency
weighting that put emphasis on frequencies known to be harmful to the human body to filter out
those of less importance. The VDV for the x, y and 2 directions is given by:

7oy 025
_ s 2
VDI/x,y,z - |:ﬁ Z ax,y,z:|

Ts denotes the measurement period, N the number of points and a_ ,.»is the frequency-weighted
acceleration data in the x, y or z direction. The unit of VDV is m s77.The VDV were combined in
the following formula to provide a global vibration level:

VDV, = [VDV3 + VDV *+ VDV

total

Measured accelerations during each transport were subdivided into intervals of 20 seconds, for

cach of which the VDV was calculated. These values were then averaged. Values of VDV, were

total

used to classify the driving styles (normal driving style, average VDV, value: 8.5 m s77%; aggressive

total

driving style, average VDV, value: 9.5 m s™7%).

Pork quality parameters measurements

According to Association of Official Analytical Chemists, the moisture, protein, and fat contents
(%) were calculated [18]. After adding 50 mL of distilled water to 5 g of the sample from the
left carcass loin, the pH was determined. All samples were homogenized for 30 seconds using
a homogenizer (Stomacher 400 Circulator, Seward, Worthing, West Sussex, UK), and their
pH levels were determined using an Orion Star A211 pH Benchtop Meter (Thermo scientific,
Swedesboro, New Jersey, USA) that was calibrated in phosphate buffer at pH 4, 7 and 10. With a
Spectro Colorimeter (Model JX-777, Color Techno. System, Tokyo, Japan) calibrated on a white
plate (L*, 89.39; a¥, 0.13; b*, -0.51), the meat color of a left carcass loin was measured. At this
time, a white fluorescent lamp (D65) was used as the light source. L* (lightness), a* (redness) and
b* (yellowness) were used to represent color values. The test for the wetness of filter paper (FPW)
was used to measure drip loss (DL) [19]. Cooking loss (CL) was determined with Oliveira et al.
[20] methodology. The CL value was calculated as the percentage change from the initial sample
weight to the sample weight after heating. Five trained panelists rated the sensory color [21]. The
sensory color was scored as follows: score 1 for pale, score 2 for grayish pink, score 3 for reddish
pink, score 4 for purplish red, score 5 for dark. Five panelists assessed the marbling in accordance
with the rigorous standards for evaluating animal products [22]. Marbling was scored as follow:
score 1 (practically devoid), score 2 (slight), score 3 (modest), score 4 (slightly abundant), score 5
(abundant).

Pork quality classes measurements

For meat quality metrics, intra-measurement coefficients of variation were under 10%. According
to Parkunan et al. [23] (Table 1), pH values measured 45 m postmortem, DL variations, and light
reflectance (L*) were used to determine the different pork quality classes (pale, soft, and exudative,
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Table 1. Determination of pork quality classes

Pork quality class pHa4, Drip loss (%) L* value
PSE pork <6.0 25 =50
RSE pork <6.0 25 42-50
RFN pork <6.0 2-5 42-50
PFN pork <6.0 2-5 =50
DFD pork 26.0 <2 <42

PSE, pale, soft, exudative; RSE, reddish-pink, soft, exudative; RFN, red, firm, non-exudative; PFN, pale, firm, non-exudative;
DFD, dark, firm, dry.

reddish-pink, soft, and exudative, red, firm, and nonexudative, and dark, firm, and dry).

Behavioral and status observations

On the ceiling of the trailer, cameras (Intelbras VMH 1010 D HD 720p, Intelbras SA, Séo Jos¢,
Brazil) were used to continuously monitor behavior in real time. The quantity of pigs in each
position (lying, standing, sitting, aggressive, and overlap; Table 2) was counted throughout travel.
Only recordings with at least 7 clearly visible pigs in each group were utilized for the analysis since
the compartment group was not always completely seen by the camera. Using only pigs that were
captured on video for a minute, respiratory frequency was calculated as the number of breaths per
minute. Using a thermal imaging camera (Xtherm, Xinfrared, Yantai, China), skin temperature was
taken 30 minutes before the commencement of transportation and 20 minutes after arrival during

unloading. The temperature change before and after arrival was then analyzed.

Blood profile

Cortisol, lactate and glucose samples were taken after unloading at the lairage. Blood samples
were collected from 10 pigs in each group for the determination of concentration levels of cortisol,
creatine kinase, glucose and lactate. At least 3 mL of blood samples were taken from jugular vein.
After collection, serum samples were centrifuged at 3000xg for 20 min at 4C. Thereafter, the
blood sample tubes were stored in a -20C refrigerator until analysis. The cortisol values in both
transported and control pigs were measured using radioimmunoassay Coat-A-Count cortisol kits
(Catalog number-TKCOS5, Siemens Medical Solution Diagnostics, Los Anglos, CA, USA). Serum
glucose was analyzed using an automatic Konelab analyser (Thermo Clinical Labsystems Oy,

Vantaa, Finland) according to the manufacturer’s instructions. Lactate levels were measured using a

GM7 Analox analyser (Analox Instruments, London, UK).

Table 2. Description of the behaviors evaluated during transport

Behavior Description

Basic behavior

Standing The act of standing still without any other action, with the forelimbs and hind legs
stretched perpendicularly to the floor or similar behavior

Sitting Two front legs straight to the floor, two rear legs and hips sitting in contact with the floor
or similar behavior

Lying The act of lying in the most comfortable position with the head, front legs, back legs,
and abdomen touching the floor or similar behavior

Singularity behavior

Aggression Pushing, biting, or beating another pig with the head, lifting the pigs by pushing the
head under the body or similar behavior

Overlap The act of placing both forelimbs on the back of another pig or similar behavior
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Statistical analysis

The experimental layout was a 3x2x2 factorial arrangement. Data generated were subjected to a
three-way ANOVA using JMP Pro 16 (SAS Institute., Cary, NC, USA). Significant differences (p
< 0.05) were determined using Tukey multiple range test as included in the same statistical package.
Pork quality classes proportion data were analyzed by the non-parametric Kruskal-Wallis test as
the data were not normally distributed.

RESULTS

Pork quality parameters measurements

Effects of driving style and bedding on pork composition and pork quality parameters during pre-
slaughter pig transport are shown in Table 3. Pigs transported under aggressive driving style showed
lower (p < 0.05) pH and water holding capacity (WHC) than those transported under normal
driving style. Pigs transported under a normal driving style showed a lower (p < 0.05) percentage of
DL (p < 0.05) than those transported under aggressive driving style. Pigs transported with bedding
showed higher (p < 0.05) WHC and pH than those transported without bedding. Also, transported
with bedding showed lower (p < 0.05) DL and L* value than those transported without bedding.
Pigs transported in HT showed lower WHC (p < 0.05) than those transported in LT and NT.
Pigs transported in L'T" showed lower (p < 0.05) pH than NT. A significant TxB interaction was
observed for pH. Pigs transported with bedding showed higher (p < 0.05) pH than pigs transported
without bedding in LT

Behavioral and status observations and blood profile
Effects of driving style and bedding on behaviors, skin temperature and blood profile during pre-
slaughter pig transport in different temperature are shown in Table 4. Pigs transported under
aggressive driving groups showed a higher (p < 0.05) incidence of sitting behavior but lower (p <
0.05) incidence of lying behavior than those transported under normal driving style groups. Also,
those transported with bedding showed lower (p < 0.05) sitting behavior but higher (p < 0.05)
lying behavior than those transported without bedding. Pigs transported in HT showed lower (p <
0.05) sitting behavior but higher (p < 0.05) lying behavior than pigs transported in NT and LT. A
significant T'xB interaction was observed for lying behavior. Pigs transported with bedding showed
higher lying behavior than pigs transported without bedding in L'T.

Pigs transported under normal driving style showed lower (p < 0.05) cortisol levels than those
transported under aggressive driving conditions. Also, transported with bedding group showed
lower (p < 0.05) cortisol levels than those transported without bedding.

DISCUSSION

'The process of transportation exposes pigs for the first time to various stressors throughout their
lifetimes [24]. During transportation, vibrations and bedding are parameters that might impact pig
welfare [25,26].

In vehicles, animals are exposed to vibration and environmental variations, which can lead to
physiological and behavioral disturbances [27]. Vibration, which is influenced by the state of the
roads and the driving prowess of the driver, may jeopardize animal welfare [17]. Previous studies
reported that vehicle vibration can be considered an acute stressor causing physiological and
behavior stress in animals [28,29]. Vibration exposure of pigs was compared with ISO thresholds
for exposure action value (injury potential) of 8.5 m s7 for VDV [8]. Also, VDV over 9.1 m
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s has been considered as aggressive by the European Union [30]. However, in most studies,
the exposure times to vibration was longer than those in our study [31,32]. Considering the time
exposed to vibration, our study classifies the driving styles (normal driving style, average VDV,

value: 8.5 m s77; aggressive driving style, average VDV value: 9.5 m s77%). Pigs are exposed

total
to HT and LT during transportation, depending on the weather conditions [33]. Heat and cold
stress can both negatively impact pig mortality and welfare [34]. So, it is imperative to provide deep
bedding to pigs during the winter in order to prevent frostbite [35].

In the current study, transported under aggressive driving style group showed lower WHC and
pH than normal driving style group. According to Pérez et al. [36], pigs with acute stress before
slaughter showed lower pH values than prolonged stress before slaughter. Due to its low pH and
the resulting denaturation of myofibrillar and sarcoplasmic proteins, pale, soft and exudative (PSE)
meat exhibits reduced WHC [37]. Meat quality may have been adversely affected due to physical
stress caused by the necessity to stand at these locations due to the higher vibration [38]. According
to Karunanayaka et al. [39], L* value might be utilized to distinguish between pale samples and
normal samples with high sensitivity and high specificity. Also, lightness values can be used to
evaluate the quality of the meat and assess the frequency of PSE conditions [40]. In our study,
transported under aggressive driving style group showed the higher L* value and percentage of PSE
pork than normal driving style group. This result is consistent with previous study that drops in pH
is associated with increase L* value [41].

When pigs are subjected to acute stressors prior to slaughter, their concentration of muscle
lactate increases and their muscle pH decreases, resulting in PSE pork [25]. Lower muscle pH is
linked to decreased WHC, as observed in pale meat [42]. These result are consistent with our study
that transported under aggressive driving style group showed higher percentage of PSE pork than
transported with normal driving style group. It is often the case that pigs standing on a moving
vehicle will fall or be trampled, resulting in bruised carcass [42—44]. Our results can be explained
that pigs exposed to thermal stress in LI and HT are acutely stressed by the aggressive driving
style, resulting in adverse effects on pork quality. Also, bedding improve pork quality by reducing
cold stress of pigs. During winter transport, pigs may suffer from cold stress and carcass bruising as
a result of pigs standing or huddling to avoid contact with freezing truck aluminum surfaces [45].
Pasquale [45] reported that pigs can retain heat and avoid frostbite when bedding is added to the
floor of a trailer at a L'T. Vermeer and Hopster [46] reported that when pigs suffer from heat or cold
stress, they can keep their temperature constant by adapting their behavior. According to Peeters et
al. [17], pigs on a quiet journey stood at a lower proportion than those on a wild journey and laid at
a higher proportion. Lying posture is considered as a resting behavior of pigs [47]. Hemsworth et
al. [48] reported that aggression behavior is associated with stress. Our results can be explained that
driving style affects aggressive behavior of pigs by giving acute stress on them. However, bedding
can provide a warming effect, which can alleviate aggressive behavior in LT

Cortisol, lactate and glucose levels in blood indicate how stress affects an animal’s welfare and
how stress level is created. Pigs that have experienced stress prior to slaughter demonstrate rapid
glycolysis of muscle glycogen and increased production of lactate [6]. Cortisol is a hormone, which
is synthesized by the adrenal cortex, a part of the adrenal gland. It plays a role in increasing blood
flow, heart rate, and respiratory rate, leading to rapid pulses and breathing [49]. The cortisol level of
pigs was found to increase under stress conditions, as reported in a previous study [50]. Our results

can explain that why aggressive driving cause stress in pigs, which results in elevated cortisol level.

https://www.ejast.org | 885



Effects of driving style and bedding on animal welfare

886 | https://www.ejast.org

CONCLUSION

'This study was conducted to investigate the possibility of reducing the transported pigs’ stress levels

by different driving style and bedding. Aggressive driving style has an effect on the accelerations of

the truck and cause stress in pigs. However, bedding can alleviate stress indicator such as aggressive

behavior, cortisol, lactate and glucose in blood at LT In conclusion, driving style led to transport

stress in pigs, but pigs transported with bedding mitigate transport stress during transportation at

LT.
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