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Simple Summary: Journey duration, position of the animal in the vehicle and time spent in the
lairage facilities before slaughtering can negatively affect pig welfare. The effects of journey duration
and deck level on hormonal parameters were examined in this pilot study during three commercial
truckloads. Plasma cortisol, epinephrine and norepinephrine increased with longer transportation
time. The levels of the tested hormones were higher in pigs transported for 11 h than for 6.5 h
or only 3 h. The loading position (deck level) of the animals on the truck strongly affected only
norepinephrine. While the effects of journey duration on plasma cortisol levels were expected and
in line with the literature, our findings on plasma catecholamines are novel and may be useful to
monitor transportation stress responses in pigs. These preliminary findings need to be confirmed by
future studies.

Abstract: The aim of this pilot study was to evaluate the relationship between journey duration, deck
level and activation patterns of the hypothalamic-pituitary-adrenocortical axis (HPA) and sympathetic
adrenal medullary system (SAM) in pigs. A total of 90 pigs were examined. The animals came
from three different Italian farms associated with the same slaughterhouse located in Bari (Apulia
region-Italy). A group of thirty animals was transported from Pordenone (11 h journey); a second
group was transported from Terni (6.5 h journey); a third group was transported from Benevento
(3 h journey). The animals were transported in the same vehicle, which complied with the structural
characteristics indicated in the Council Regulation (EC) No. 1/2005. The truck was composed of a lorry
and a trailer, each one divided into three decks. Only the animals transported in the trailer were tested
for the study. Before transportation, blood samples were collected on each farm, at 6:00 a.m., from
30 pigs randomly selected out of 135 pigs ready to be transported. Blood samples were also collected
during slaughter to evaluate plasma cortisol, epinephrine and norepinephrine, around 6:00 a.m.
A journey duration of 11 h was associated with significantly higher plasma concentrations of stress
hormones compared with shorter journeys. This increase was proportional to the journey duration,
with the pigs travelling for 6.5 h displaying intermediate concentrations between those noticed after
3 h and 11 h journeys. The interaction between deck and journey distance was not significant on
epinephrine, norepinephrine or cortisol levels collected at arrival. There was a significant effect of
deck level on norepinephrine levels (p < 0.0001), a tendency to influence epinephrine levels (p = 0.073)
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but no effect on cortisol levels (p = 0.945). Overall, we observed that an 11 h-long journey seemed to
impact negatively on pigs’ HPA-SAM activity, likely requiring the animals to spend more time in the
lairage facilities to recover.

Keywords: pigs; stress; transport; cortisol; catecholamines; deck level

1. Introduction

Transport is a crucial and critical factor in modern pork production [1]. In the European Union,
transport covers over 365 million livestock (poultry excluded), including 225 million pigs [2]. However,
transport towards slaughterhouse represents a stressor for pigs, affecting their health and welfare and
consequently their carcass quality [3]. During transport, pigs are subjected to many adverse situations
including weather conditions [1]. Several studies focused on the influence of factors related to transport
including loading density, handling treatment, trailer design, loading method, environmental and
internal climate conditions, duration of the journey [4–6]. Regarding duration, journeys are divided
into short (<8 h) and long journeys (>8 h) although the Member States may grant derogations for
journeys not exceeding 12 h to reach the final place of destination [7]. Depending on the length of the
journey, the vehicles must guarantee certain requirements that for short journeys include cleaning,
flooring surface, sufficient lighting, adequate ventilation, partitions, suitable equipment for loading
and unloading. For long journeys additional requirements are included, i.e., roof, floor and bedding,
feed, water supply, ventilation and temperature monitoring, and a navigation system. In addition,
regardless of journey duration, the position of the animals in the vehicle during transport can affect
skin blemishes and meat quality [8,9]. Indeed, the truck deck affects animal stress levels in a highly
variable way [10]. However, the impact of deck levels on stress indicators in pigs is still unclear.

There are two axes primarily involved in animal stress response: the sympathetic adrenal
medullary system (SAM) and the hypothalamic-pituitary-adrenocortical axis (HPA) [11]. Activation of
the sympathetic nervous system in emergencies involves the release of catecholamines (epinephrine
and norepinephrine) from the adrenal medulla and of cortisol from the zona fasciculate of the adrenal
cortex [12]. For stress evaluation, the quantification of cortisol (or its metabolites) constitutes an
effective and precise indicator of the physiological state of an animal, as well as an index of its response
to environmental conditions [13,14]. Consequently, measurement of circulating cortisol concentration
is common in research to evaluate pre-slaughter stress [10].

Blood cortisol levels in pigs varied within studies, depending on the duration of the journey,
the time spent in the lairage facilities and the deck levels where the pigs were transported [15–17].
Transport duration was significant for cortisol concentration and pigs transported for 6 h displayed a
greater cortisol concentration than pigs transported for 3 h (284.1 vs. 263.4 ng/mL) [10]. After transport
from a farm to the abattoir of only 15 min, the cortisol concentrations varied among the pigs from 3
to 248 nmol/L, with a mean of 58.36 nmol/L [18]. On the other hand, in a study where the average
duration of transport to the slaughterhouse was 40 min [19], the cortisol values ranged from 363.3 to
417.9 nmol/L. The results of these studies have often been conflicting owing to differences in trailer
design, deck level and journey duration. Moreover, there is no information on the plasma variations of
epinephrine and norepinephrine in pigs after transport.

Based on the above-mentioned background, the aim of the present study was to evaluate the stress
induced by transport of Italian heavy pigs destined for the dry-cured ham industry. These animals
can reach a body weight between 150 and 180 kg at the end of their production cycle. We tested
the hypothesis that the levels of stress indicators would be associated with truck decks and journey
duration. Accordingly, we monitored the effects of journeys of different durations (3, 6.5 and 11 h)
towards the same slaughterhouse on plasma cortisol, epinephrine and norepinephrine levels in pigs
transported in three deck levels. Additionally, the possibility provided by Council Regulation (EC)



Animals 2020, 10, 1578 3 of 13

No. 1/2005 to extend a short journey by an additional 4 h in a vehicle approved only for short journeys
was investigated.

2. Materials and Methods

2.1. Ethical Statement

The experimental procedures were approved by the ethical committee of the Department of
Veterinary Medicine at Bari (Italy) University (Protocol n. 933-III/13, 15 April 2020). The study was
conducted after collecting owners’ consent, without affecting the routine of farms and slaughterhouses.

2.2. Sampling

This pilot study, resulting from a partnership between the Department of Veterinary Medicine at
Bari University (Italy) and a slaughterhouse in Apulia region (Siciliani-Meat Processing Industry, Bari)
was conducted during April and May 2019.

Three pig farms were selected as associated with Siciliani-Meat Processing Industry. For this
reason, they were managed similarly, applying the same production disciplinary. In particular,
during the trial, pigs were fed the same diet (ingredients composition: corn, barley, soybean meal,
wheat middlings, wheat bran, molasses, soybean oil, vitamin-mineral premix, monocalcium phosphate,
calcium carbonate, sodium chloride) formulated to meet the nutrient requirements for fattening pigs
according to the National Research Council recommendations [20]. They were reared under similar
conditions, in environmentally controlled (lighting and ventilation program) rooms with concrete floor
and equipped with a self-feeder and a nipple waterer to allow pigs ad libitum access to feed and water
throughout the fattening period. The space allocation in farms was 0.78 m2/pig with 10 pigs per pen.
The pigs were also of the same sex (males) and genotype (Danish Duroc, Talent line). The day before
transport, all animals had an average body weight of 150 kg and about 110 days of age. Pigs were
fasted about 12 h before transport.

A total of 90 pigs from 3 farms (30 for each farm) were included in the study. Farm A (group A)
was located in Pordenone (Friuli Venezia Giulia region, Italy), 888 km from the slaughterhouse, located
in Bari (Apulia Region, Italy); farm B (group B) was located in Terni (Umbria region, Italy), 485 km far
from the slaughterhouse; farm C (group C) was located in Benevento (Campania region, Italy), 222 km
far from the slaughterhouse. Group A animals were transported on 5 April 2019 (888 km; journey time:
11 h; mean temperature: 11 ◦C; humidity: 89%), group B animals on 11 April 2019 (485 km; journey
time: 6.5 h; mean temperature: 11 ◦C; humidity: 85%) and group C animals on 30 April 2019 (222 km;
journey time: 3 h; mean temperature: 12 ◦C; humidity: 70%). The three journeys were performed on
three different days, but in the same truck driven by the same driver.

On each journey, the truck was loaded with 135 pigs (i.e., the full load of the truck) and the decks
were loaded sequentially, from the upper to the lower deck. The animals travelled by road in the
same vehicle, which complied with the structural characteristics required for a journey of fewer than
8 h, which can be increased up to 12 h, as indicated in the Council Regulation (EC) No. 1/2005 [7].
In compliance with Council Regulation (EEC) No. 3820/85 of 20 December 1985 on the harmonisation
of certain social legislation relating to road transport [21], the driver from Benevento did not make any
stops from departure to arrival at the slaughterhouse whilst the driver from Terni made a single stop
and the driver from Pordenone made two stops. Each stop was about 1 h long, recorded in the route
plan of the truck and carried out in dedicated shaded areas, without unloading the animals.

The truck was equipped by Carrozzeria Pezzaioli (Montichiari, Italy), composed of a lorry and
a trailer, each one divided into three decks (Figure 1) containing 22–23 pigs/deck. The total loading
capacity of the truck was about 20,000 kg (equivalent to 130–135 market-weight pigs). The lorry
and the trailer body had the same dimensions: 7.20 m long × 2.55 m wide × 4.00 m high. The truck
was stocked following the European livestock transport rule Council Regulation (EC) No. 1/2005 [7],
according to which, to guarantee that all pigs must at least be able to lie down and stand up in their
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natural position, the loading density for pigs of around 100 kg should not exceed 235 kg/m2. For this
purpose, in our study, the available space allowance was about 0.71 m2/pig, approximately 212 kg/m2,
i.e., a density lower than that required by law. The vehicles were equipped with suitable drinking
systems that always allowed the supply of water during the journey. Lorries and trailers had both
natural and mechanical ventilation systems, consisting of six automatic fans. Ventilation systems were
capable of maintaining, at any time during the journey, a range of temperatures from 5 to 30 ◦C within
the means of transport, for all animals, with a ±5 ◦C tolerance, depending on the outside temperature.
The nominal airflow capacity of the installed fans was greater than 60 m3/h/KN of payload and the
system was capable of operating for at least 4 h, independently of the vehicle engine.
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Figure 1. Schematic drawing of the truck used for pig transportation. The truck was composed of a
lorry and a trailer and sectioned into 3 compartments: decks 1, 2 and 3. Only the animals travelling in
the trailer were included in the study.

On each farm, the day before loading, blood samples (5 mL) were collected from all departing
pigs by the farm veterinarian to check animal health. To avoid influences on the diurnal rhythm of
the hormonal secretion, all samples in the three farms were carried out at the same hour (6:00 a.m.)
and also the truck departures were scheduled to make sure that their arrival at the slaughterhouse
was around 5:00 a.m. in order to perform the animal bleeding between 5:00 and 6:00 a.m. As this
was an opportunistic study, we analysed the samples of 30 pigs randomly selected from the 135 pigs
ready to be transported. Animals were restrained to obtain a blood sample from the ear vein through a
needle (22 G) connected to the syringe. The technique used was a low-stress restraint method that
did not require the use of a snare or excessive containment. In particular, the restraint of the animals
was performed, without using tranquilisers or anaesthetics, keeping one pig at the time inside a
restraining cage, while the farm veterinarian carried out the blood collection. Blood sampling from
the ear causes lower levels of stress than jugular blood sampling because of reduced handling and
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containment [22]. After obtaining the blood sample, pressure was applied to the ear vein for several
seconds to induce clotting. Blood samples were collected using vacutainer test tubes containing
ethylenediaminotetracetic-acid (EDTA) as anticoagulant. Then, the samples were stored in ice-cold
water for no longer than 60 min, avoiding freezing, before submitting to the laboratory used by the
farm for the routine blood analysis. At the laboratory, blood tubes were centrifuged at 4 ◦C for 10 min
at 2000× g; plasma was then transferred into 1.5-mL Eppendorf tubes and stored at −20 ◦C until
analysis. These tubes were sent, in dry ice, to the Department of Veterinary Medicine at Bari University
for testing.

At the slaughterhouse, the date and the duration of the journeys were recorded, and the routes
taken by the vehicle were noted. Moreover, the official veterinarian carried out a checklist to double
check whether the animal welfare conditions during transport were respected [7]. At the end of the
official controls, all pigs were unloaded using an exit ramp equipped with a non-slip floor and fitted
with side guards. The pigs were unloaded very quickly (within 10 min). The trailer was unloaded
before the lorry and only the animals transported in the trailer were tested for the study; the pigs were
marked with different colours depending on the truck deck in which each animal group had travelled
(first/red, second/yellow and third/green). The decks were unloaded sequentially, from the lower to
the upper deck and the pigs were immediately conducted inside the slaughterhouse for the stunning
phase, without a resting period. The animals were slaughtered in the same order in which they were
unloaded. Once the unloading was completed, each animal was immediately directed to the stunning
area, consisting of a small corridor where the pig was bathed at head level and then introduced into a
cage. Then, the pigs were subjected to the stunning phase by electro-narcosis (Gozlin Electronic stunner
TEQ002, serial number: TEQHZV19, year of manufacture: 2019), applying the electrodes at the level of
the animals’ heads, delivering a voltage of 250–300 V for 1–2 s [23]. After checking that stunning had
correctly occurred, the exsanguination phase was performed. Subsequently, during exsanguination
from the jugular vein, 30 pigs (10 per truck deck) were randomly selected and blood samples were
collected between 5:00 and 6:00 a.m., without disturbing the normal routine of the slaughterhouse.
These samples were handled in the same way as those collected in the three farms and stored at −20 ◦C
for analysis.

2.3. Plasma Cortisol-Elisa Test

Plasma cortisol was determined as described in previous studies [24,25]. The cortisol ELISA
immunoassay test (Porcine Cortisol ELISA Kit; My-Bio-Source, San Diego, CA, USA) was used
following the manufacturer’s guidelines. Briefly, the optical density (OD) of each well was determined
using a microplate reader (GloMax® Discover Microplate Reader, Promega Corporation, Madison,
WI, USA) with a detection wavelength filter of 450 nm and correction wavelength filters of 570 nm or
630 nm. The mean of the readings of duplicates for each standard and sample was calculated, and the
average OD of the blank was subtracted. A standard curve was created using computer software
capable of generating a four-parameter logistic (4-PL) curve-fit. The minimum detectable porcine
cortisol (sensitivity) was up to 5 ng/mL. The detection range was 1000–15.6 ng/mL. No cross-reaction
or interference between porcine cortisol and other factors were observed. Intra-assay precision was
≤8%, while inter-assay precision was ≤12%.

2.4. Plasma Catecholamine hPLC Test

The catecholamines plasma kit (ClinRep; Recipe Chemicals and Instruments GmbH, Munchen,
Germany) was designed for the quantitative determination of catecholamines from plasma with
High-Performance Liquid Chromatography (HPLC). HPLC with electrochemical detection was
established as a reliable and sensitive method for the determination of catecholamines in plasma.
The Clin-Cal Plasma Calibrator and the Clin-Chel Plasma Controls were lyophilised and needed to be
reconstituted before use with deionised water. One millilitre of plasma was pipetted into the sample
preparation column (directly onto the aluminium oxide suspension) and subsequently, 50 µL of internal
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standard was added. The column was closed, and it was shaken upside down for 10 min. The column
was slightly tapped on to transfer these residues back to the bottom of the frit column. Then, the upper
and lower caps of the sample preparation column were removed, the supernatant was aspirated (with
a vacuum station) and the effluent was discarded. One millilitre of washing solution was transferred to
the sample preparation column and then the washing solution was aspirated. The washing procedure
was carried out three times and, after these steps, the effluent was discarded. The elution vial was
plugged onto the sample preparation column and 120 µL of eluting reagent was pipetted into the
column. Afterwards, it was mixed for 1 min on a vortex mixer. Subsequently, the eluate was centrifuged
through the column into the elution vial (for 1 min at 1000× g), which may be used for subsequent
sample injection in the auto-sampler. The HPLC pump flow rate was 1 mL/min. The analytical
column was installed in the column heater at 25 ◦C. Auto-sampler injection volume: 40 µL HPLC
System (prepared sample, calibrator or controls). Injection interval: 15 min. Electrochemical detector
parameters: potential 500 mV; sensitivity 10 nA; filter setting 0.2 Hz.

The concentration of the analytes was calculated with the internal standard method via the
peak areas. According to the internal standard method, each sample was spiked with a so-called
“internal standard” before the sample preparation. The internal standard was similar to the analytes
in terms of behaviour during sample preparation and chromatography. Hence, any losses during
the sample preparation could be determined by calculating the recovery. The extrapolation to 100%
recovery allowed the determination of the concentration of the unknown substances in the sample.
Both norepinephrine and epinephrine had linearity of 15–2500 ng/L (lower limit of detection: 8 ng/L;
lower limit of quantitation: 15 ng/L).

2.5. Statistical Analysis

Statistical analyses were performed in R environment [26]. First, normality of the data was checked
using Shapiro test in the stats package. Whilst epinephrine levels were normally distributed, cortisol
and norepinephrine levels were not, and thus were transformed using Box-Cox Power Transformation
in car package [27] and rescaled with functions in scales package. Then, the normally distributed data
were analysed using two-way ANOVA where the effects of time (T0 = before transport; T1 = after
transport), farm of origin (Farm A, B, C), and the interaction between time and farm were tested on the
levels of plasma cortisol, epinephrine and norepinephrine.

Furthermore, to evaluate the effect of the truck deck and journey duration, the data collected at
arrival (T1) were analysed using two-way ANOVA with the journey distance (J1, J2, J3 corresponding to
the farm of origin, A, B, C), the 3 deck levels (1, 2, 3) and the interaction between journey distance and
deck as factors, and plasma cortisol, epinephrine and norepinephrine levels as outcomes. Tukey test
was used as post-doc and data were expressed as Least Squares Mean (LSM) ± Standard Error (SE).
The ANOVA and the LSM were performed with stats and emmeans packages. The significance
threshold was set at or below 5%.

3. Results

There was a significant effect of time, farm of origin and their interaction on cortisol, epinephrine
and norepinephrine levels (p < 0.0001 for all the factors) (Table 1). Transport was significant for the
levels of stress hormones. An almost 30-fold increase in plasma norepinephrine concentrations was
observed after transport. Similarly, epinephrine showed, on average, a 16-fold increase at T1 and
cortisol concentrations tripled after transport. The farm of origin, i.e., the journey distance, was also
significant for the amounts of stress hormones in the plasma of the transported pigs. Long-distance
journey (from farm A, in Pordenone, 11 h-long journey) was associated with significantly higher
plasma concentrations of the tested hormones compared with shorter journey distances (from Terni,
farm B, 6.5 long journey and Benevento, farm C, 3 h-long journey). This increase was proportional to
the journey distance, with the pigs travelling for 6.5 h displaying intermediate concentrations between
those observed in animal travelling for 3 h and animals travelling for 11 h (Table 1).
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Table 1. Estimated Least Squares Means (LSMs) and Standard Errors (SE) of the levels of cortisol
(nmol/L), epinephrine (ng/L) and norepinephrine (ng/L) in plasma collected before (T0) and after (T1) a
journey from three different farms towards the same slaughterhouse. LSMs within the row bearing
different superscripts (A, B, C) are significantly different for p ≤ 0.01. LSMs within the tested hormones
and in the same column followed by different superscripts (E, F) are significantly different for p ≤ 0.01.

Parameters Time
J1 (11 h) J2 (6.5 h) J3 (3 h) SE Time*Farm p-Value

A B C

Cortisol (nmol/L) T0 36 E 36 E 38 E
5.03 <0.0001T1 139 A,F 118 B,F 94 C,F

Epinephrine
(ng/L)

T0 867 E 873 E 765 E
435 <0.0001T1 19,414 A,F 13,735 B,F 9232 C,F

Norepinephrine
(ng/L)

T0 434 E 440 E 384 E
396 <0.0001T1 17,469 A,F 13,417 B,F 6227 C,F

The deck-journey distance interaction was not significant on epinephrine, norepinephrine or cortisol levels collected
at arrival (T1). There was a significant effect of deck level on norepinephrine levels (p < 0.0001), a tendency to
influence epinephrine levels (p = 0.073) but no effect on cortisol levels (p = 0.945; Table 2).

Table 2. Estimated Least Squares Means (LSMs) and Standard Errors (SE) of the levels of cortisol
(nmol/L), epinephrine (ng/L) and norepinephrine (ng/L) collected during the exsanguination phase in
pigs transported in different truck decks (1, 2, 3). LSMs within the row bearing different superscripts
(A, B) are significantly different for p ≤ 0.01.

Parameters
Truck Decks

SE p-Value
1 2 3

Cortisol (nmol/L) 117 118 116 5.9 0.945
Epinephrine (ng/L) 14,910 13,522 13,950 880 0.073

Norepinephrine (ng/L) 10,910 A 12,790 B 13,405 B 340 <0.0001

4. Discussion

The pilot study compared plasma cortisol and catecholamine levels in pigs transported in three
different deck levels during transport of different durations (short, 222 km/3 h; medium, 485 km/6.5 h;
medium long 888 km/11 h). Overall, the findings of this pilot study supported the initial hypothesis that
the plasma concentrations of the tested hormones were higher in pigs subjected to medium-long distance
transport than in pigs subjected to a medium or short distance transport, as shown by the progressive
increases of the levels of these stress hormones monitored in the animals. Moreover, the deck where
the pigs were transported apparently affected only the norepinephrine levels, whilst the adrenaline
and cortisol levels were not altered. Our results might help elaborate proposals and suggestions to
minimise pig stress during transportation. To our knowledge, this is the first study evaluating pig
transport stress responses using both plasma cortisol and catecholamine levels during exsanguination.

A higher level of stress was measured in the animals subjected to the 11 h-long transport,
that included two rest stops without unloading of the animals. This result was expected and in line
with the literature. Pigs transported for 6 h revealed a higher serum cortisol concentration than pigs
transported for only 3 h [10]. Higher cortisol concentrations after longer transport times (5 h vs. 40 min)
were also reported in other studies [28] and are likely owing to longer feed deprivation [29]. Moreover,
the length of the journey could also cause injuries to the animal and, consequently, affect carcass
quality and meat characteristics. For instance, the frequency of bruised carcasses increases with journey
duration [30]. Other studies demonstrated that cortisol concentrations were considerably higher after
short transport than after long transport and resting [31,32]. Other studies have observed a higher
incidence of pale, soft and exudative (PSE) meat, as well as increased risk of fatigue and skin damage,
in pigs subjected to a short-distance journey than in pigs transported for longer distances [33,34],



Animals 2020, 10, 1578 8 of 13

although in those studies the transportation times were less than 2 h. It is clear that pigs transported
for such a short distance do not have sufficient time to recover from the stress of loading in the truck.
In fact, many authors [35,36] consider loading as a key factor for transport stress. The frequency of
stress-related behaviours is greatest in the first hour of travel and tends to decrease with journey
duration [37]. Warris et al. [38] reported that cortisol concentrations increased with loading and the first
part of the journey, but then recovered as the journey continued. Nevertheless, with increasing transport
duration, the stress level of transported animals grew again, correlated also with the prolonged time of
feed and water deprivation [29].

In our study, we assessed the effects of journey duration on HPA-SAM activity. In detail,
the increase of the three hormones was proportional to the journey distance, with the pigs travelling for
6.5 h displaying intermediate concentrations between those travelling for 3 h and 11 h. The different
concentrations of the parameters analysed reflects the physiological response of an organism coping
with a stressful situation. It is indeed not surprising that norepinephrine (later converted into
epinephrine) was higher than epinephrine and cortisol, because this catecholamine, during restraint
stress and during bleeding out, is released first from sympathetic nerve terminations and then from
the adrenal medulla [39]. On the other hand, cortisol remains active in the body longer than either
epinephrine or norepinephrine [39] and it is generally considered an indicator of physiological stress
of an animal and its reaction to an environmental threat to its homeostasis [40]. It is worth noting that
even if it is impossible to discriminate the effects of the journey from those of lairage and stunning,
collecting blood at exsanguination is a common and non-invasive technique for the assessment of
physiological responses of pigs and other animals to a journey toward a slaughterhouse [10,25,29].
This practice is indeed in line with the 3Rs code for conducting research using animals [41].

In agreement with previous observations, our findings highlight that, after transport, the interaction
between the truck deck and the journey distance was not significant for cortisol levels [10]. Our results
are however apparently in conflict with the conclusions drafted by Sommavilla et al. [32]. The latter
authors showed that the interaction season × travel duration × compartment location influenced
serum cortisol concentrations in an 18-h journey during summer, with cortisol values higher in pigs
transported in the bottom deck compared with those located in the upper deck. However, the blood
cortisol level increase observed in that study [32] could be interpreted as a response to heat stress.
In fact, during winter, the temperature is lower in the top compartments, while during summer it is
higher in the bottom rear compartment [32]. Accordingly, the extreme environmental temperature
during summer and winter likely influenced those results. Our study was conducted during spring,
with a mild climate, and this likely explained the fact that there was no influence of temperature and
humidity on the pigs’ cortisol levels in our study. Whilst the truck deck level was not significant for the
epinephrine and cortisol levels observed in our study, it was significant for the norepinephrine levels.
In particular, norepinephrine showed higher levels in the pigs transported in the upper deck than in
the pigs loaded in the bottom deck, whilst pig transported in the middle deck showed intermediate
values. This increase of norepinephrine levels could be explained considering that animals transported
on the third deck could have suffered from more stress than those transported on the other levels.
Indeed, these pigs are obliged to use internal ramps at loading and unloading, as also suggested in
the literature [8]. Protracted norepinephrine release is observed in the case of traumatic injury and
this may be attributed mainly to peripheral stimulation [42]. It is possible that norepinephrine was
released from the damaged tissue and this may explain its high plasma concentration in the pigs of the
third deck. Moreover, pigs located in the front and rear compartments or in the upper and lower decks
have an increased number of carcass skin bruises and a reduced pork quality [43]. A tendency towards
higher skin damage scores was found in pigs transported on the trailer compared with those located on
the lorry because the trailer is subjected to more vibrations and movements than the lorry [9]. The fact
that we only analysed samples of pigs travelling in the trailer may have therefore affected our results
to some extent. It has been reported that epinephrine is not useful as a biomarker of stress because it
is best measured 5 min after stimuli; on the other hand, norepinephrine exhibits a more protracted
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response and it is an indicator of tissue damage [42]. Consequently, assessing norepinephrine at
bleeding may become a useful indirect indicator of carcass and meat quality.

In compliance with Annex III of Council Regulation (EC) No. 1099/2009 [23], according to which
animals should be unloaded as quickly as possible after arrival and subsequently slaughtered without
undue delay, the pigs of our study were immediately conducted inside the slaughterhouse for the
stunning phase, without a resting period. This situation could have contributed to the higher cortisol
levels recorded in our study at exsanguination than those documented after a recovery time spent
in the lairage facilities [10,44]. Warriss et al. [39] demonstrated that cortisol levels were significantly
higher in pigs slaughtered on arrival at the abattoir compared with pigs held in the lairage for 3 h before
slaughter. Holding pigs for 3 h in the lairage before slaughter helped the stress parameters to return to
the baseline and pigs to rest and recover, by influencing their behaviour and handling. In terms of
pork quality, optimal lairage times are from 1 to 3 h [45]. Indeed, a resting period of <30 min resulted
in the highest incidence of pale and soft/exudative loins, while a 3 h rest significantly improved quality
by reducing this phenomenon [46,47]. It is clear that a resting period of about 3 h provides consistent
improvements in animal welfare and, consequently, in meat quality, with economic benefits for the
slaughterhouse. In fact, high levels of plasma cortisol at slaughter are associated with higher pH at 3, 6
and 24 h post stunning, lower lightness and redness of meat and lower drip loss [48]. Considering
that elevated levels of catecholamines and glucocorticoids stimulate hepatic glycogenolysis, leading to
a reduction of post-mortem lactic acid and an unacceptable conversion from muscle to meat [40,49],
the animals should rest after unloading from the truck. Transport distance alone does not seem to
determine high stress levels in pigs and transport-derived stress may be reduced by increasing the
time spent in lairage before stunning [50]. In fact, lairage rest allows animals to recover from loading,
transport and unloading stress. Grandin [51] also recommended that pigs should rest 2 to 4 h before
entering the stunning procedure. Based on our preliminary results, at least the pigs transported for
11 h, in which the highest levels of the hormones were identified, should rest for a few hours before
stunning. This practice might help the animals recover, resulting in better carcass quality.

The 11 h-long journey was carried out in a vehicle approved for short journeys and this had
negative effects on pigs’ welfare. From this perspective, even if Council Regulation (EC) No. 1/2005 [7]
defines as a “long journey” only journeys that exceed 8 h, the same Regulation reports that the Member
States may grant derogations for means of transport by road for journeys not exceeding 12 h to reach
the final destination. Consequently, journeys not exceeding 12 h are made with trucks without the
additional provisions required for long journeys. In particular, those journeys are carried out without a
temperature monitoring and recording system, without sensors located in the parts of the lorry which
are most likely to experience the worst climatic conditions, without a warning system able to alert
the driver when the temperature exceed the maximum or the minimum limits and, finally, without
an appropriate navigation system allowing for recording and providing information equivalent to
those mentioned in the journey log. Therefore, it seems that Council Regulation (EC) No. 1/2005 [7] is
inadequate when extending a national 8 h journey by an additional 4 h, as a 12 h journey should not be
considered short for the animals. Indeed, without these additional requirements for long journeys, it is
difficult to ensure a constant environment during the transport of animals, regardless of the daytime,
season, position of the animals, deck loading and other possible variables.

Other factors such as prolonged time spent in the lairage facilities could minimise the adverse
impacts of transport-stress on pigs’ health and welfare. A standardised method on how to conduct
pigs handling after unloading should be implemented among European countries to safeguard
animal welfare and meat quality. Indeed, there is a legislative gap in terms of animal handling after
transportation. Council Regulation (EC) No. 1099/2009 [23] indicates that animals should be unloaded
as quickly as possible after arrival and subsequently slaughtered without undue delay, thus failing
to protect pigs transported for more than 8 h. These animals would need more time to recover from
fatigue and stress owing to a longer journey.
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Our results need to be interpreted with caution because our pilot study was limited by several
factors. First of all, the tested animals were transported only in the trailer. We chose these animals for a
logistical reason because they are usually the first to be unloaded. Accordingly, our results may be
valid only for the animals transported in the trailer and cannot be extended to pigs transported in the
lorry or another type of vehicle. Secondly, the pigs sampled pre and post transport were not the same
because the animals were randomly selected during exsanguination in order to avoid a slowdown
in pig slaughter times. However, they belonged to the same breeding group and the slaughterhouse
requires that all farms raise animals in the same way, with the same modalities and with a food
regimen quite comparable. Thirdly, we tested only a journey for each distance, so our data need to be
repeated more times and using the same animals pre and post transport. Fourthly, stress responses
were documented using only endocrine parameters because other stress indicators (pig behaviour
during transport, rectal temperature, heart rate, haematological and biochemical analytes) could not be
evaluated. Moreover, it was impossible to evaluate if catecholamine and cortisol values were related
to journey, lairage or stunning because these three phases were not separated. The lairage and the
stunning steps were the same for all animals. However, considering that the pigs of the upper deck
were the last to be unloaded and that exsanguination took place in order of unloading, the deck may
have biased the lairage duration. Another limit of our study was the failure to register temperature
and humidity data on the truck. In compliance with the current European Regulation [7], recording of
environmental parameters is mandatory only in the case of long journeys. Additionally, we were not
allowed to put instrumentations inside the truck. Finally, the lack of information regarding carcass
bruises and injuries, as well as pH and drip loss, made it impossible for us to analyse changes in meat
quality related to the duration of the journey and the deck. Regardless of these limitations, this study
reports endocrine changes in pigs, thus increasing our knowledge about transport stress in pigs and
their catecholamine levels.

5. Conclusions

This pilot study of three commercial truckloads confirmed that journey duration is a major risk
factor for transport-derived stress in pigs. Our results also suggest that pigs transported in the higher
deck of the truck may have a higher level of norepinephrine at exsanguination, which may be suggested
as an indirect indicator of carcass quality. These preliminary results need to be confirmed by future
studies, using a larger sample size and evaluating additional welfare indicators to assess if and how
they differ with respect to the journey duration, the deck and the time spent in the lairage facilities.
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