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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 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 follow:
HT, high temperature (higher than 24°C); LT, low temperature (lower than 10°C); NT, normal temperature (10°C to
24°C). In our experiment, pigs transported under aggressive driving style showed lower (p < 0.05) pH and WHC than
those transported under normal driving style. Pigs transported under normal driving style showed a lower percentage
of 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.

Keywords (3 to 6): animal welfare, driving style, bedding, temperature, stress
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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 (1SO) 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
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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: HT, high temperature (higher than 24°C); LT, low temperature (lower than 10°C); NT, normal

temperature (10°C to 24°C).

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). 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 z directions is given by:

T, =N .2 0.25
VDV Xy.z= [F 21_ ax,y,z]

Ts denotes the measurement period, N the number of points and ay,y, ; is the frequency-weighted acceleration data
in the X, y or z direction. The unit of VDV is m s+, The VDVs were combined in the following formula to provide
a global vibration level:

VDV totar = [VDVy* + VDV, + VDV,4]0%5
Measured accelerations during each transport were subdivided into intervals of 20 seconds, for each of which the
VDV was calculated. These values were then averaged. Values of VDV a1 Were used to classify the driving styles

(normal driving style, average VDV o Value: 8.5 m s175; aggressive driving style, average VDV ol Value: 9.5 m s

1.75)_

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
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determined. All samples were homogenized for 30 seconds using a homogenizer (Stomacher® 400 Circulator, Seward,
UK), and their pH levels were determined using an Orion Star™ A211 pH Benchtop Meter (Thermo scientific™,
USA) that was calibrated in phosphate buffer at pH 4, 7 and 10. With a Spectro Colorimeter (Model JX-777, Color
Techno. System Co., 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, 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, S&o José, 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, 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
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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 4°C. Thereafter, the blood sample tubes were stored in a - 20°C refrigerator until analysis. The cortisol
values in both transported and control pigs were measured using radioimmunoassay Coat-A-Count cortisol kits
(Catalog number-TKCO5, 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 LTD,

London, UK).

Statistical analysis

The experimental layout was a 3 x 2 x 2 factorial arrangement. Data generated were subjected to a three-way
ANOVA using JMP Pro 16 (SAS Institute Inc., 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 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 LT showed lower (p < 0.05) pH than
NT. A significant T xB 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
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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 TxB interaction was observed for lying behavior.
Pigs transported with bedding showed higher lying behavior than pigs transported without bedding in LT.
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 s for VDV [8]. Also, VDV of 9.1 m st has
been established 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 o Value: 8.5 m s275; aggressive driving style, average VDV o1 Value: 9.5 m s~
175), Pigs are exposed to high and low temperatures 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
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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 LT 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 low temperature. 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.

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
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pigs. However, bedding can alleviate stress indicator such as aggressive behavior, cortisol, lactate and glucose in blood
at low temperature. In conclusion, driving style led to transport stress in pigs, but pigs transported with bedding

mitigate transport stress during transportation at low temperature.

Funding
This work was carried out with the support of “Cooperative Research program for Agriculture Science & Technology

Development (Project No. PJ016214)” Rural Development Administration, Korea.



215

216
217

218
219

220
221

222
223

224

225
226

227
228

229
230
231

232
233

234
235
236

237
238

239

240
241

242

References

10.

11.

12.

13.

14.

Garcia A, McGlone JJ. Loading and unloading weaned pigs: Effects of bedding types, ramp angle, and bedding
moisture. Animals. 2014;4(4):742-54.

Driessen B, Peeters E, Van Thielen J, Van Beirendonck S. Practical handling skills during road transport of
fattening pigs from farm to slaughterhouse: A brief review. 2013.

Driessen B, Van Beirendonck S, Buyse J. Effects of transport and lairage on the skin damage of pig
carcasses. Animals.2020;70(4):575.

Vitali A, Lana E, Amadori M, Bernabucci U, Nardone A, Lacetera N. Analysis of factors associated with mortality
of heavy slaughter pigs during transport and lairage. J Anim Sci. 2014;92(11):5134-41.

Warriss PD. The welfare of slaughter pigs during transport. Anim Welf. 1998;7:365-81.

Dalla Costa FA, Lopes LS, Dalla Costa OA. Effects of the truck suspension system on animal welfare, carcass
and meat quality traits in pigs. Animals. 2017;7(1):5.

Cockram M, Baxter E, Smith L, Bell S, Howard C, Prescott R, et al. Effect of driver behaviour, driving events
and road type on the stability and resting behaviour of sheep in transit. Anim. Sci. 2004;79(1):165-76.

Alambarrio D, Morris B, Davis RB, Turner KK, Motsinger LA, O'Quinn T, Gonzalez JM. Commercial Straight-
Deck Trailer Vibration and Temperature Profiles During Market-Weight Pig Transport During Summer. Front
Anim Sci. 142.

Isbrandt R, Wiegard M, Meemken D, Langkabel N. Impact of Procedures and Human-Animal Interactions during
Transport and Slaughter on Animal Welfare of Pigs: A Systematic Literature Review. Animals. 2022;12(23):3391.

McGlone J, Johnson A, Sapkota A, Kephart R. Establishing bedding requirements during transport and
monitoring skin temperature during cold and mild seasons after transport for finishing pigs. Animals.
2014;4(2):241-53.

EFSA Panel on Animal Health and Welfare (AHAW), Nielsen SS, Alvarez J, Bicout DJ, Calistri P, Depner K,
Velarde A. Welfare of pigs at slaughter. Efsa J. 2020;/8(6):e06148.

Grandin T. The welfare of pigs during transport and slaughter. CABI Reviews. 2003;8-pp.

Rioja-Lang FC, Brown JA, Brockhoff EJ, Faucitano L. A review of swine transportation research on priority
welfare issues: a Canadian perspective. Front Vet Sci 2019;6:36.

McGlone J, Johnson A, Sapkota A, Kephart R. Market pig transport. 2012.



243
244

245
246
247

248
249

250
251

252
253

254
256

257
258

259
260

261
262
263

264
266

267

268
269

270
271

272
273

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Brown J, Samarakone T, Crowe T, Bergeron R, Widowski T, Correa J, et al. Temperature and humidity conditions
in trucks transporting pigs in two seasons in eastern and western Canada. Trans ASABE. 2011;54(6):2311-8.

Miranda-de la Lama GC, Bermejo-Poza R, Formoso-Rafferty N, Mitchell M, Barreiro P, Villarroel M. Long-
distance Transport of finisher pigs in the Iberian Peninsula: Effects of season on thermal and enthalpy conditions,
welfare indicators and meat pH. Animals. 2021;11(8):2410.

Peeters E, Deprez K, Beckers F, De Baerdemacker J, Aubert A, Geers R. Effect of driver and driving style on the
stress responses of pigs during a short journey by trailer. Anim Welfare. 2008;17(2):189-96.

AOAC [Association of Official Analytical Chemists]. Official method of analysis. 16th ed. AOAC, Washington,
DC, USA. 2000.

Kauffman RG, Eikelenboom G, Van der Wal PG, Merkus G, Zaar M. The use of filter paper to estimate drip loss
of porcine musculature. Meat Sci. 1986;18: 191-200. https://doi.org/10.1016/0309-1740(86)90033-1.

Oliveira TFB, Rivera DFR, Mesquita FR, Braga H, Ramos EM, Bertechini AG. Effect of different sources and
levels of selenium on performance, meat quality, and tissue characteristics of broilers. J Appl Poult Res. 2014;23:
15-22. https://doi.org/10.3382/japr.2013-00761.

Stone H, Bleibaum RN, Thomas HA. Sensory evaluation practices (Third Edition). Academic press. 2004. p.
201-245.

Korea Ministry of Agriculture, Food and Rural Affairs Animal. Detailed standards for livestock product grading.
June 27, 2007.

Parkunan T, Das AK, Banerjee D, Mohanty N, Paul A, Nanda PK, et al. Changes in expression of
monocarboxylate transporters, heat shock proteins and meat quality of Large White Yorkshire and Ghungroo pigs
during hot summer period. Asian-Australas J Anim Sci. 2017;30(2):246.

Schwartzkopf-Genswein K, Faucitano L, Dadgar S, Shand P, Gonzéalez L, Crowe T. Road transport of cattle,
swine and poultry in North America and its impact on animal welfare, carcass and meat quality: A review. Meat
Sci. 2012;92(3):227-43.

Aradom Messmer S. Animal transport and welfare with special emphasis on transport time and vibration. 2013.

van Reenen C, Reimert H, Gerritzen M, Leenstra F, Lambooij E. Hazard identification and characterization of
welfare aspects during transport of farm animals. Animal Sciences Group; 2008.

Gebresenbet G, Aradom S, Bulitta FS, Hjerpe E. Vibration levels and frequencies on vehicle and animals during
transport. Biosyst Eng. 2011;110(1):10-9.

Kenny F, Tarrant P. The behaviour of young Friesian bulls during social re-grouping at an abattoir. Influence of
an overhead electrified wire grid. Appl Anim Behav Sci. 1987;18(3-4):233-46.


https://doi.org/10.1016/0309-1740(86)90033-1

274
275

276
277

278
279
280

281
282

283
284
285
287
288

289
290

291
292

293
294

295
296

297
298

299
300

301
302

303
304

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Randall J. Human subjective response to lorry vibration: Implications for farm animal transport. J Agric Eng Res.
1992;52:295-307.

Milosavljevic S, Bergman F, Rehn B, Carman AB. All-terrain vehicle use in agriculture: Exposure to whole body
vibration and mechanical shock. Applied ergonomics. 2010;41(4):530-5.

Morris BK, Davis RB, Brokesh E, Flippo DK, Houser TA, Najar-Villarreal F, Gonzalez JM. Measurement of the
three-axis vibration, temperature, and relative humidity profiles of commercial transport trailers for pigs. J Anim
Sci. 2021;99(2):skab027.

Gonzalez DAA. Pig Commercial Trailer Vibration Profiles During Summer and a Potential Methodology to
Estimate Real-Time Muscle Fatigue (Doctoral dissertation, University of Georgia). 2023.

Xiong Y, Gates RS, Green-Miller AR. Factors affecting trailer thermal environment experienced by market pigs
transported in the US. Animals. 2018;8(11):203.

Goumon S, Brown J, Faucitano L, Bergeron R, Widowski T, Crowe T, et al. Effects of transport duration on
maintenance behavior, heart rate and gastrointestinal tract temperature of market-weight pigs in 2 seasons. J Anim
Sci. 2013;91(10):4925-35.

dalla Costa OA, Faucitano L, Coldebella A, Ludke JV, Peloso JV, dalla Roza D, da Costa MP. Effects of the
season of the year, truck type and location on truck on skin bruises and meat quality in pigs. Livest Sci.
2007;107(1):29-36.

Pérez M, Palacio J, Santolaria M, Acefia M, Chacon G, Gascon M, et al. Effect of transport time on welfare and
meat quality in pigs. Meat Sci. 2002;61(4):425-33.

Olivo R, Soares AL, Ida EI, Shimokomaki M. Dietary vitamin E inhibits poultry PSE and improves meat function
proprieties. Food Biochem. 2001;25:271-83.

Grandin, T. (2002, April). Behavioural consideration in animal transport Design. In Proceedings of the London
Swine Conference—Conquering the Challenges. London, Canada (pp. 41-46).

Karunanayaka DS, Jayasena DD, Jo C. Prevalence of pale, soft, and exudative (PSE) condition in chicken meat
used for commercial meat processing and its effect on roasted chicken breast. J Anim Sci Technol. 2016;58:1-8.

Petracci M, Betti M, Bianchi M, Cavani C. Color variation and characterization of broiler breast meat during
processing in Italy. Poult Sci. 2004;83:2086-92.

Barton Gade P, Christensen L, Brown SN, Warris PD. Effect of tier and ventilation during transport on blood
parameters and meat quality in slaughter pigs. Landbauforschung Voelkenrode. Sonderheft (Germany). 1996.

Barbut S. Colour measurements for evaluating the pale soft exudative (PSE) occurrence in turkey meat. Food
Res Int. 1993;26:39-43.



305
307

308
309

310
311

312
313

314
316

317
319

320
321

322
323
324

325

43.

44,

45.

46.

47.

48.

49,

50.

Gajana CS, Nkukwana TT, Marume U, Muchenje V. Effects of transportation time, distance, stocking density,
temperature and lairage time on incidences of pale soft exudative (PSE) and the physico-chemical characteristics
of pork. Meat Sci. 2013,95(3):520-5.

Cobanovi¢ N, Stajkovié S, Blagojevié B, Beti¢ N, Dimitrijevié M, Vasilev D, et al. The effects of season on
health, welfare, and carcass and meat quality of slaughter pigs. Int J Biometeorol. 2020;64:1899-909.

Pasquale V. Effects of space allowance on behaviour, physiology, skin lesions and meat quality of pigs transported
in an actively ventilated vehicle in the summer and winter: University of Guelph; 2022.

Vermeer HM, Hopster H. Operationalizing principle-based standards for animal welfare—indicators for climate
problems in pig houses. Animals. 2018;8(4):44.

Lebret B, Meunier-Salaun M, Foury A, Morméde P, Dransfield E, Dourmad J-Y. Influence of rearing conditions
on performance, behavioral, and physiological responses of pigs to preslaughter handling, carcass traits, and meat
quality. J Anim Sci. 2006;84(9):2436-47.

Hemsworth PH, Rice M, Nash J, Giri K, Butler KL, Tilbrook AJ, et al. Effects of group size and floor space
allowance on grouped sows: Aggression, stress, skin injuries, and reproductive performance. J Anim Sci.
2013;91(10):4953-64.

Kim YH, Kim KY. Effect of air cleaner on stress hormones of pig and pork quality. J] Anim Sci Technol.
2021;63(4):892.

Park JH, Sureshkumar S, Kim IH. Effects of dietary lysozyme supplementation on growth performance, nutrient
digestibility, intestinal microbiota, and blood profiles of weanling pigs challenged with Escherichia coli. J Anim
Sci Technol. 2021;63(3):501.



326

327

Tables

Table 1. Determination of pork quality classes

Pork quality class PH24n Drip loss (%) L* value
PSE pork <6.0 =5 >50
RSE pork <6.0 >5 42-50
RFN pork <6.0 2-5 42-50
PFN pork <6.0 2-5 >50
DFD pork >6.0 <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



Table 2. Description of the behaviors evaluated during transport

Behavior

Description

Basic behavior

Standing

Sitting

Lying

Singularity behavior

Aggression

Overlap

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

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

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

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

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




Table 3. Effects of driving style and bedding on pork composition and pork quality parameters during pre-slaughter pig transport in different temperature

Temperature

M <10°C 10 to 24°C >24°C
Bedding P- value
(B) SE

Dr|V|(n[§;)ster Nor Agg Nor Agg Nor Agg Nor Agg Nor Agg Nor Agg D B T DxB DxT TxB
Pork

composition

(%)

Moisture 7393 7343 7418 7395 7414 7434 7412 7427 7393 7409 7383 7387 0.281  0.852 0.717 0.180 0.912 0.342 0.364
Crude protein ~ 22.27 2272 2234 2265 2189 2184 2174 2125 2277 23.04 2279 2235 0.264 0.960 0.123 0.542 0.166 0.203 0.554
Crude fat 2.62 2.25 2.63 2.79 3.16 271 3.00 3.28 2.57 2.42 2.63 283 0205 0.618 0.247 0.112 0.325 0.882 0.971
Pork quality

parameters

pH 5.49 5.37 5.56 5.50 5.66 5.53 5.65 5.55 5.54 5.48 5.60 544 0.027 <0.001 0.021 <0.001 0.994 0.807 0.020
WHC (%) 68.18 61.83 7198 70.16 6197 59.01 6197 59.60 6813 66.39 7410 67.69 1430 <0.001 <0.001 0.018 <0.001 0.723 0.928
DL (%) 451 4.95 3.90 4.20 4.44 5.33 4.48 5.14 3.40 4.10 3.27 360 0.187 <0.001 <0.001 0.077 0.207 0.309 0.252
CL (%) 25.08 2429 2326 2572 22.08 2457 2191 2460 2570 2594 2444 2602 0.815 0.091 0.546 0.894 0.245 0.231 0.092
L* value 51.26 52.75 48.67 4950 50.17 5132 50.26 5110 49.30 50.18 46.53 49.70 0.798  0.003 0.001 0.143 0.316 0.620 0.633
a* value 7.12 6.73 6.91 7.34 7.19 7.03 7.18 6.93 8.38 6.80 7.60 786 0438 0.078 0.710 0.914 0.266 0.535 0.093
b* value 5.27 5.56 5.25 5.45 6.39 6.49 6.32 6.66 5.22 5.03 5.19 497 0305 0.102 0.907 0.958 0.603 0.500 0.920
Sensory
evaluation
Sensory color*  2.85 2.70 3.54 2.85 3.00 2.53 3.07 2.80 3.12 2.80 3.16 287 0193 0.522 0.056 0.389 0.001 0.917 0.633
Marbling® 3.43 3.17 3.12 3.18 2.73 2.60 3.13 273 3.42 2.82 3.16 3.08 0219 0.018 0.745 0.398 0.064 0.729 0.440
Pork quality
classes

proportion

(%)

PSE pork 20.0 26.7 6.7 133 0.0 6.7 0.0 0.0 6.7 133 6.7 13.3 0.215 0.321 0.027



RSE pork 6.7 6.7 6.7 10.0 0.0 3.3 0.0 0.0 20.0 26.7 16.7 16.7 0.684 0.745 0.006

RFN pork 40.0 333 60.0 50.0 60.0 50.0 76.7 733 26.7 20.0 30.0 30.0 0.573 0.198 0.012
PFN pork 333 33.3 26.7 26.7 40.0 40.0 23.3 26.7 46.7 40.0 46.7 40.0 0.742 0.138 0.046
DFD pork 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.000 1.000 1.000

Nor, normal (average VDV tal Value: 8.5); Agg, aggressive (average VDV ta Value: 9.5); -, without bedding; +, bedding; WHC, water holding capacity; DL, drip
loss; CL, cooking loss

Color score ranged from 1 (pale color) to 5 (dark color)

bMarbling score ranged from 1 (practically devoid) to 5 (abundant)

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



Table 4. Effects of driving style and bedding on behaviors, skin temperature and blood profile during pre-slaughter pig transport in different temperature

Tem‘().er;at“re <10°C 10 to 24°C > 24°C
Bedding P- value
(B) SE

DI’IVI(I'IIDQ)SIWE Nor Agg Nor Agg Nor Agg Nor Agg Nor Agg Nor Agg D B T DxB DxT TxB
Basic behavior,
min/hour
Standing 5061 49.60 5233 5197 5053 5020 5017 5053 49.60 5133 4860 5213 0756 0136 0143 0281 0233 0006  0.079
Sitting 633 989 403 459 658 923 539 581 460 400 453 380 0627 0008 <0001 <0001 0115 0106  0.259
Lying 306 051 363 344 289 057 444 365 580 467 687 407 0566 <0001 <0001 0029 0100 0749  <0.001
Singularity behavior,
count/hour
Aggression 594 893 647 580 473 547 527 433 527 460 613 527 0657 0087 0463 0087 0795 0111 0016
Overlap 640 613 553 68 620 58 553 613 513 587 520 653 0528 0360 0913 0739 0076 0457  0.088
?jjﬁ:;ﬁ:ﬁ]ry frequency, 311 6300 6243 6033 6150 59.93 6120 59.67 6807 6553 6467 6487 1234 0068 0064 0572 0075 0963  0.855
Skin temperature (°C)
Before transport 3745 3733 37.39 37.41 3741 37.37 3740 3750 37.39 3740 3741 3751 0076 0766 0298 0841 0780 0584  0.163
After transport 3943 3954 3945 3956 3954 3971 39.69 39.62 39.49 3957 39.68 3976 0104 0108 0.186 0414 018 0937 0508
fﬁ;?]gtgmperat“re 199 221 207 215 213 234 229 212 210 217 227 225 0083 0127 0472 0400 0158 0424  0.136
Blood profile
GlUCose, myiat 7967 8300 8200 8333 8200 7933 79.67 82.67 77.95 7744 7762 7490 1942 0059 0907 0590 0795 0364  0.830
Lactic acid, mmont 352 603 323 429 235 628 228 419 397 505 427 552 0548 0070 0081 0116 008 0087  0.090
Cortisol, yya 333 615 202 364 248 480 127 317 505 492 493 469 0602 <0001 0002 0125 0077 0091  0.409

Nor, normal (average VDV a Value: 8.5); Agg, aggressive (average VDV o Value: 9.5); -, without bedding; +, bedding



