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REVIEW ARTICLE

Pig production systems and related effects on pre-slaughter animal welfare
and meat quality

Luigi Faucitanoa and Eleonora Nannonib

aAgriculture and Agri-Food Canada, Sherbrooke R&D Centre, Sherbrooke, Canada; bDepartment of Veterinary Medical Sciences,
University of Bologna, Bologna, Italy

ABSTRACT
Pre-slaughter handling practices, such as fasting, transport, mixing and human interventions
affect the welfare of pigs and carcase and meat quality individually and cumulatively.
Behavioural and physiological studies conducted during the pre-slaughter period revealed that
producer-controlled factors at the farm, such as housing system, previous handling experience,
genetics, gender, nutrition and slaughter weight can have an impact on pigs’ ease of handling
and sensitivity to stress, which result in loss of profits for the pork chain due to transport losses,
reduced carcase value due to lesions and bruises and meat quality defects. Research has shown
that pigs originating from enriched housing conditions, not over-selected for lean deposition
and trained to be handled are easier to handle and more resilient to the effects of physical
stress prior to slaughter. However, the effects on meat quality are not clear. The production of
entire males and immunocastrates can be a valid alternative to surgical castration, provided spe-
cific practices are applied to limit aggressiveness in mixed group situations and the risk of
bruised carcases. Recommendations for the transport and handling of heavier slaughter pigs
must be adapted to improve ease of handling and reduce transport losses, aggressiveness and
fatigue-related meat quality defects. The response of pigs to pre-slaughter physical stress and
feed deprivation can be affected by ractopamine dietary supplementation, feed composition
and feeding regime. The objective of this paper is to overview the effects of on-farm producer-
controlled factors on pigs’ response to pre-slaughter handling and meat quality, and environ-
mental, social and economic sustainability.

HIGHLIGHTS

� On-farm factors impact pig losses
� On-farm factors impact ease of handling
� On-farm factors impact food safety; effects on meat quality are unclear
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Introduction

The pre-slaughter period consists of several stages,
starting when pigs leave the finishing pen and includ-
ing transport, lairage, stunning and sticking. At each
stage, pigs are exposed to different stressors ranging
from sorting pigs out of the home pen, feed with-
drawal, transport, mixing with unfamiliar conspecifics,
overcrowding, handling through ramps, bends and
alleys, that, both individually and additively, can con-
tribute to animal losses, carcase depreciation due to
severe skin lesions and weight losses, and meat qual-
ity defects due to abnormal post-mortem muscle
acidification (Faucitano 2018; Lebret and �Candek-
Potokar 2022).

The farm of origin has been reported as a major
contributor to the variation of animal losses during
transport (25%; Dewey et al. 2009), with a 0.93% dif-
ference in dead-on-arrival (DOA) being recorded
between the poorest and the best performing farms
(Fitzgerald et al. 2009), ease of handling between
batches of pigs at the slaughter plant (Grandin 1993),
pigs’ physiological condition at slaughter (Rocha et al.
2016), incidence of bruised carcases (Dalla Costa et al.
2007) and pork meat quality (Rocha et al. 2016).

The producer can account for approximately 50%
of the variation of pork meat quality (Grandin 1994).
This responsibility, which is shared with the abattoir, is
in terms of producer-controlled factors, such as
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housing conditions, gender of the herd, final market
weight, nutrition, genetics and handling.

The objective of this paper is to overview the
effects of the on-farm conditions (i.e. housing system,
feed withdrawal and handling) on pigs’ physiological
and behavioural response to pre-slaughter handling
and its influence on meat quality variation. Aspects
related to the environmental, social and economic sus-
tainability of different farming systems will also be
addressed based on the available studies.

Housing conditions

During the grow-to-finish period, pigs are normally kept
under intensive, with little environmental enrichment,
housing conditions, resulting in pigs showing a higher
reactivity to novel stimuli, less developed social behav-
iour or increased fearfulness (Faucitano and Goumon
2018). In contrast, pigs raised in a semi- or full intensive
enriched environment, i.e. lower stocking density, straw-
bedding with or without access to an outdoor area and
more frequent contacts with humans, appear easier to
handle, more resilient to transport and handling stress
(i.e. lower post-transport salivary cortisol and blood lac-
tate levels at slaughter) and less aggressive in mixed
group conditions than those raised under intensive bar-
ren housing conditions (Geverink et al. 1999; De Jong
et al. 2000; Barton-Gade 2008; Rocha et al. 2016;
F�abrega et al. 2019). However, the results of a compara-
tive study between 12 pig farms, featuring conventional
and animal welfare-improved raising systems (AWIRS),
differing in stocking density, use of bedding, and han-
dling and production practices (i.e. electric prodding and
tail-docking), showed a greater proportion of either PSE
(pale, soft, exudative) or RSE (red, soft, exudative) pork
meat in AWIRS compared with conventionally raised
pigs (Rocha et al. 2016). The greater incidence of these
meat quality defects in AWIRS loins has been associated
with the significant correlations between the score for
good housing, criterion of the European Welfare Quality
audit guidelines (Welfare QualityVR 2009) that was used
to assess the raising conditions at these farms, with
muscle pHu (r¼�0.75; p< .05) and Minolta L� value
(r¼ 0.87; p< .01). The greater residual glycogen content
in the muscle at slaughter resulting from the greater
resilience (based on lower blood lactate levels) of AWIRS
pigs to physical stress prior to slaughter was proposed
as the likely cause of these meat quality defects.
However, this interpretation was hardly supported by
the results of previous studies, ranging from no effect to
greater residual glycogen and lower loin meat pHu value
to lower muscle residual glycogen and/or greater loin

meat pHu values in pigs raised in enriched housing con-
ditions, i.e. indoor straw-bedding or semi-intensive rais-
ing systems, e.g. indoor bedding plus access to outdoor
area (Geverink et al. 1999; Klont et al. 2001; Lebret et al.
2006, 2011; Barton-Gade 2008; Lebret 2008; Foury et al.
2011). More recently, Faucitano et al. (2020), besides
recording a greater ease of handling (i.e. less round-
turns, back-up and stops, and less handler interventions
at loading, all resulting in shorter loading time) and
lower fatigue condition at slaughter (as shown by lower
blood lactate levels), also reported a trend for a reduced
loin muscle glycolytic potential, and lower pH1 and drip
loss in enriched- (straw-bedding and lower stocking
density) vs. conventionally housed (slatted floor and
greater stocking density) pigs. The inconsistent effects of
alternative production systems on pork meat quality as
assessed in different muscles was previously reported
(Olsson and Pickova 2005) and may be explained by the
different experimental design of the studies, e.g. pre-
slaughter stress intensity.

Besides the clear positive effect that all animal-
friendly housing systems have on the societal aspects
of sustainability (including both animal welfare and
consumer perception; Boogaard et al. 2011), the con-
sequences of these farm management strategies on
the environmental and economic aspects are less con-
sistent across studies. One of the typical conundrums
concerns, for example, organic or, more generally,
extensive farms. While organic farms perform better
on the majority of sustainability indicators when the
results are expressed per unit of land, they also tend
to show less favourable indicators when expressed per
unit of product (Zira et al. 2021), due to the greater
land surface occupied, feed requirements and produc-
tion costs, that in turn translate into a lower produc-
tion efficiency compared to conventional farms.
However, estimates indicate that consumers are will-
ing to pay more for pork products showing a general
animal welfare or an organic label and perceive them
as having higher sensory quality (Gross et al. 2021),
possibly increasing the revenue (and economic sus-
tainability) of these farming systems. This trade-off
between the three dimensions of sustainability in ani-
mal-friendly production systems warrants the need for
a holistic evaluation of each production condition.

Previous handling experience

On the basis of the concept that pigs can be trained
to accept some irregularities in management and
thus react less vigorously to novelty (Reid and Mills
1962), a series of studies have been conducted over
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the last 25 years with the objective to assess the
effects of previous training strategies on the later
ease of handling, physiological and psychological
response to pre-slaughter handling, incidence of ani-
mal losses on arrival at the abattoir and meat quality
(Table 1). Overall, training pigs to be driven through
the alley at the farm during the whole grow-to-finish
phase or the last finishing period (from last 3 weeks
to last day) appears to improve easiness of handling
by increasing animal pace (80% faster pigs) and
reducing moving time (1min shorter) and the num-
ber of handler interventions at loading (Abbott et al.
1997; Lewis et al. 2008; Goumon et al. 2013), to
improve the cardiovascular response to loading
stress (Goumon et al. 2013) and tends to reduce the
proportion of total animal losses (DOA and non-
ambulatory pigs) during transport (Stewart et al.
2008) compared with pigs that had not been previ-
ously moved (0.07 vs. 0.38%; P ¼ .08).

More recently, a shorter (30 vs. 60 s) loading time
has been reported in finishing pigs that were exposed
to a ramp when they were piglets in the nursery pen
(Novak et al. 2020). However, the effects of a previous
handling experience at the farm on meat quality are
unclear, ranging from no effect to a slight paler colour
or higher muscle pHu values in the loin muscle of
pigs having experienced regular handling and human
contacts at the farm (Geverink et al. 1998; Pommier
et al. 1998; Terlouw et al. 2005).

Genetics

Similarly to the prior experience at the farm, the gen-
etic background influences the way pigs evaluate their
situation in slaughter contexts determining their psy-
chological and physiological state at slaughter and,
eventually, the quality of the meat they will produce
(Terlouw et al. 2021).

Over-selection for a single trait, such as the higher
efficiency of lean growth, applied over the last
50 years resulted in undesirable effects on behaviours
and physical capacities of the animals through corre-
lated effects on behaviours, metabolism and health
(Rydhmer and Canario 2014). When compared to less
selected genotypes, pigs from genetic lines selected
for more lean meat deposition are reported to be
more fearful, more aggressive, more reluctant to move
(Rydhmer and Lundheim 2008), and, finally, more
prone to die or become non-ambulatory prior to
slaughter (Dalla Costa et al. 2019). Genetic-dependent
changes in individual conformation can also explain
the variation in skin lesions, with more conformed
pigs having a more sensitive skin that can be more
easily damaged (Faucitano and Raj 2022).

A specific gene, known as the Halothane gene
(HAL-1843 gene), causing malignant hyperthermia syn-
drome (MHS), also called porcine stress syndrome
(PSS), which is characterised by a generalised rigidity
of the muscles, muscle lesions, respiratory distress,
hyperthermia, blotchy dermal hyperaemia and

Table 1. An overview of different studies assessing the efficiency of previous handling experience on the ease to handling at
loading and meat quality.
Treatment Duration Results Reference

Handling in the alley Three weeks before loading for
transport

Lower percentage of slow animals
and shorter loading time

Abbott et al. (1997)

1. Spontaneous exit from the pen,
slow pace handling to the truck,
transport, unloading and return
to the home pen

2. Presence of humans in the pen,
negative and positive handling
at each contact

Grow-to-finish, twice/week Faster exit from the pen and
shorter loading time in pigs
accustomed to the presence of
humans; slightly paler loins

Geverink et al. (1998)

Regular handling Five days before loading for
transport

Higher pHu values in the loin
muscle due to lower stress at
loading

Pommier et al. (1998)

Handling from pen to the loading
area

The day before loading for
transport

Shorter loading time, lower
percentage of NANI and total
transport losses

Stewart et al. (2008)

Regular positive or mildly negative
handling in the pen

40 days before loading for transport No effect on meat quality Terlouw et al. (2005)

Physical training (walk for 1.2 km)
Psychological training
(voluntarily access to a ramp
installed in the finishing pen)

Nine days before loading
11 days before loading

Lower heart rate in psychological
and/or physical training
Greater ease of handling (less
stops and handler interventions
on the ramp) in physically
trained pigs

Goumon et al. (2013)

NANI: non-ambulatory, non-injured pigs
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metabolic acidosis in the tissues, PSE pork meat pro-
duction and blood splashes, acute right heart failure
and death, has been shown to be directly related to
pigs’ response to handling and transportation stress
(Gispert et al. 2000; F�abrega et al. 2002;
Weschenfelder et al. 2012, 2013), and stunning, both
electrical and CO2 gas (Velarde et al. 2001, 2007).
Since 1990s, pigs have been identified as normal
(HalN), heterozygous (HalNn) or homozygous (Haln) for
the PSS mutation using a DNA-based test (Fujii et al.
1991). This PSS mutation occurs at a high frequency in
specific breeds, such as Pi�etrain (Gispert et al. 2007),
whose terminal sires are still used in the selection pro-
grams to get more efficient and leaner crossbreds, tail-
ored to specific market requirements (Weschenfelder
et al. 2012, 2013). However, in transportation trials
where different Pi�etrain crosses (50% Pietrain HalNn,
50% Pi�etrain HalNN and 25% Pi�etrain HalNN genotypes)
were shipped to slaughter (45min trip) using two
trailer types (one featuring internal steep ramps and
the other semi-hydraulic decks), Weschenfelder et al.
(2013) reported a lower ease of handling (overlaps
and jamming) at unloading in 50% Pi�etrain crossbreds,
regardless of the presence of the Hal gene, and more
exudative loins and hams in 50% Pi�etrain HalNn cross-
breds compared with 50 and 25% Pi�etrain HalN cross-
breds. The general conclusion from this study was the
crossbred type contributed more to animal welfare
and meat quality than the trailer type, but this effect
may be exacerbated by the trailer model (presence of
internal ramps) used for their transport to the abattoir.
More recently, a greater occurrence of severe lesions
in the posterior part of the carcase was recorded in
HalNn pigs, likely resulting from their lower ease of
handling and increased handler interventions (e.g.
electric prodding; �Cobanovi�c et al. 2023).

However, it appears that the HAL-1843 mutation
was not associated with the occurrence of DOA and
non-ambulatory pigs on arrival at the abattoir in US
transport trials (Ritter et al. 2008), which suggests that
mutations of other genes (e.g. dystrophin gene;
Nonneman et al. 2012) could account for these trans-
port losses.

Differences in pigs’ response to pre-slaughter han-
dling and transport and meat quality have also been
reported for other commercial and local breeds.
Lepron et al. (2003) observed that Meishan crossbreds
and Large White pigs were easier to handle than a
synthetic breed selected for muscle development,
while Terlouw and Rybarczyk (2008) found that Duroc
were less fearful towards human approach and less
reactive to slaughter conditions than Large White pigs,

which resulted in less exudative pork meat in the
Duroc pigs. A couple of studies also assessed the
response of local pig breeds to transport stress and its
effects on meat quality. In a 2 h transport trial, Li et al.
(2008) reported a calmer behaviour (more sitting and
lying) in Erhualian, prolific Chinese breed, pigs com-
pared with Pi�etrain pigs that stood more during the
journey. Whereas, pigs of the indigenous Italian breed
Apulo-Calabrese, although they were less reluctant to
move forward and vocalised less, showed a greater
physiological response to short transport (1 h) stress
(based on greater concentrations of lactate and urea
in exsanguination blood), resulting in darker pork
meat, compared to commercial crossbreds (Aboagye
et al. 2018).

The main expected progress, in terms of genotype
and sustainability, include selection programmes for
the genetic capability of pigs to efficiently use
nutrients combined with precision feeding (Pomar and
Remus 2019). Other genetic selection paths may
include breeding for traits improving animal welfare
per se or at least as a method to offset the negative
effect of selection for production traits. Some exam-
ples in this sense could be selecting for increased neo-
natal survival, reduced aggressiveness and reduced
expression of tail biting (Turner et al. 2018). Despite
being not immediate, this selection may help espe-
cially when effective management solutions to solve
these issues still have to be found (Faucitano et al.
2022).

Gender

The response to handling and transport effects of the
most common genders in swine production, i.e. gilts
and barrows or castrated males, is unclear, ranging
from no difference in transport losses, physiological
response (based on blood acid-base parameters or
rectal temperature) and carcase lesions to greater
transport losses, rise in rectal temperature after han-
dling and proportion of bruised carcases after mixing
in barrows than in gilts or more carcase bruises in gilts
than in barrows (Dokmanovi�c et al. 2017; Faucitano
and Raj 2022; �Cobanovi�c et al. 2023).

While the worldwide production of castrated males
remains dominant (31.5% of the market pig popula-
tion in Europe; IFIP 2022), that of entire males that are
traditionally raised in some countries (e.g. Spain and
UK) is increasing in number of other EU countries,
reaching the current 17% of the European market pig
population (IFIP 2022), and in Brazil (MAPA 2020). This
trend is in response to the welfare concern due to the
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pain and stress associated with the surgical castration
procedure, which also has led several countries to
adopt the practice of surgical castration carried out
with local anaesthesia and analgesia (Faucitano et al.
2022; IFIP 2022). The use of entire male pigs is raising
interest because they improve the productivity and
sustainability of swine production, thanks to a higher
growth rate (þ13%) and feed conversion (þ14%),
lower feed consumption (�9.5%) and greater carcase
lean yield (þ9–40%) (Gispert et al. 2010; Squires et al.
2020). This production is also associated with a lower
environmental impact due to reduced energy costs
and manure production (EFSA 2004).

In an economic analysis of the alternatives to trad-
itional surgical castration, castration carried out with
local anaesthesia would be economically more benefi-
cial to producers, while the production of entire males
would be only profitable if the percentage of pigs
with boar taint is not above 2.5% (de Roest et al.
2009). This latter objective looks quite achievable con-
sidering that the production of compounds respon-
sible for boar taint (androstenone and skatole) is
highly heritable making the genetic selection for low
boar taint possible (Guatteo 2012; Merks et al. 2012).

Besides the need to monitor entire male carcases
for boar taint, an off-odour and off-flavour in cooked
pork meat, greater levels of aggression and skin
lesions have been reported for this pig gender after
mixing with other unfamiliar pigs compared with cas-
trated males and gilts (Warriss and Brown 1985;
Teixeira and Boyle 2014). However, handling strategies
have been proposed to limit fighting and skin lesions
in entire males after mixing on the truck or in the lair-
age pen, such as keeping the group unmixed
(Rydhmer et al. 2013) or by mixing boars with gilts
rather than with pigs of the same gender (Van
Staaveren et al. 2015).

Immunocastration through the injection of a GnRF
analogue a few weeks before slaughter proved to be
a valid alternative to the painful practice of surgical
castration, while keeping the growth performance of
boars until a few weeks before slaughter and reducing
aggressions and sexual behaviours during the late fin-
ishing phase at the farm and risk of boar taint
(F�abrega et al. 2010; Batorek et al. 2012). When com-
pared to castrates, immunocastrates are leaner
(approximately þ5% lean yield) and show no or minor
difference in meat technological or sensory traits
(Keith, 2009; Rocha et al. 2013; Li et al. 2015). For
these reasons, immunocastrate males are the domin-
ant gender in Brazil and represent 1% of the European
market weight pig population (IFIP 2022), with the

production concentrated in Germany (5%) and
Belgium (15%). Regarding their response to pre-
slaughter handling, a few studies showed that immu-
nocastrates vocalise less during handling and loading
and present no transport losses when compared with
barrows and gilts (Guay et al. 2013) and do not differ
in fighting behaviours when mixed with unfamiliar
conspecifics of the same gender in lairage compared
with barrows (Rocha et al. 2013).

The effect of immunocastration on the economic,
environmental and societal dimension of sustainability
are therefore a consequence of the careful fine-tuning
of the vaccination calendar, with a delayed second
intervention resulting in better performance on the
first two dimensions (Kress et al. 2019), but higher
risks for societal aspect, in terms of consumer accept-
ance (Aluw�e et al. 2020).

Nutrition

Feed texture and meal frequency

Withdrawing feed from pigs before slaughter is a prac-
tice recommended to producers primarily to ensure
empty viscera at slaughter and prevent food safety
hazards due to cross-contamination between carcases
(SCAHAW 2002; Faucitano et al. 2010; NFACC 2014). A
further objective of this practice is to ensure the wel-
fare of pigs during transport preventing transport
losses, hyperthermia and travel sickness (Faucitano
2018). Feed withdrawal is also seen as a tool for
reducing the incidence of PSE pork meat by raising
muscle pHu values through the reduction of muscle
glycogen stores at slaughter (Faucitano et al. 2006,
2010). The application of this practice can help the
economic and environmental sustainability of the pork
chain through feed saving (2 kg less for 24 fasting;
Kephart and Mills 2005) and reduction of wastes to
dispose for the abattoir (e.g. 10,000 kg of waste less
by each 2 kg reduction in the viscera weight for an
abattoir slaughtering 8000 pigs per day; Murray 2001).

Studies have shown that, regardless the application
of correct fasting interval (24 h from last feed to
slaughter; Faucitano et al. 2010), the gastro-intestinal
tract (GIT) emptying rate influences hunger-related
behaviours, such as lower ease of handling and
increased fighting and drinking (Brown et al. 1999;
Saucier et al. 2007; Dalla Costa et al. 2016), of fasted
pigs and the weight and content (solid or liquid) of
the viscera at slaughter is dependent on the feed tex-
ture (pellet vs. mash) provided at the last meal and
the meal frequency (restricted vs. ad libitum). Saucier
et al. (2007) reported that, as expected, full stomach
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and content weights decreased with increasing fasting
time in pigs fed mash and up to 14 h fasting in pigs
fed pellets, but in the latter pigs full stomach and
water content weights increased again after 24 h of
fasting. This increase was explained by the greater
hunger of pigs fed pellets during lairage as GIT empty-
ing rate was faster due to the greater digestibility of
this feed type (Fekete et al. 1983). The positive correl-
ation (r¼ 0.40; p< .01) between the weight of water
content in the stomach and drinking behaviour (total
water use) in the lairage pen indicates that these pigs
needed to drink water to fill their stomach and feel
satiated. In the same study, when compared with
restricted feeding (two meals/day), ad libitum feeding
(five meals/day) reduced the weights of stomachs and
their content (Saucier et al. 2007). This difference can
be explained by the intake of smaller feed portions at
each meal in pigs with ad libitum access to feed,
which favours food digestion and consequently accel-
erates GIT emptying (Faucitano et al. 2010). In a com-
panion study, the combined effect of pellet feeding in
two meals per day and 24 h feed withdrawal raised
the pHu value of the Adductor muscle as a result of
hunger-related muscle glycogen stores depletion at
slaughter (Faucitano et al. 2006).

Dietary ractopamine supplementation

The feed additive ractopamine is a ß-adrenergic agon-
ist that, when fed to pigs (5–10 ppm/kg of feed) dur-
ing the last 28 days of the finishing period, increases
growth rate (þ10–15%) and carcase leanness (þ11%),
while producing acceptable pork meat quality
(Schinckel et al. 2001; Patience et al. 2009). However,
there is evidence that ractopamine feeding also
increases the heart rate of pigs during handling and
transport (Marchant-Forde et al. 2003; Poletto et al.
2010), fighting rate and intensity in mixed groups
(Poletto et al. 2010; Rocha et al. 2013) and handler
interventions (Rocha et al. 2013). Interestingly, Rocha
et al. (2013) reported that feeding ractopamine to
immunocastrates increased the number of fights when
they were mixed with pigs of the same gender in lair-
age. For these reasons, although it appears that these
negative behaviour and physiological responses have
been mostly observed in pigs fed with doses above
5mg/kg or 20mg/kg (Ritter et al. 2017), the use of rac-
topamine is only permitted in 27 countries, including
Canada, USA, Mexico and Brazil (Pacelle 2014), due to
marketing issues related to concerns for possible resi-
dues in the meat.

Slaughter weight

Slaughter weight has been increasing worldwide over
the last decades. For example, in Canada, the average
slaughter weight increased from 105 kg in 1989 to the
current weight of 130 kg achieved in 2010 (Correa 2011),
while in US it was increased by approximately 10 kg
from 2010 to 2022 (USDA 2023). This increase in market
weight is driven by the dilution of fixed production cost
through the reduction of the total number of pigs
required to produce a given quantity of pork and the
improvement of genetic selection for leaner and faster
growing pigs (Wu et al. 2017), resulting in better carcase
yields and meat to bone ratio (Ellis and Bertol 2001),
reduced costs for animal health control due to lower
need for vaccine protection resulting from a more devel-
oped immune system (Wu et al. 2017), and greater prof-
its when pig prices are high or when finishing feed
prices are relatively low (Morin et al. 2015). However, it
has been reported that heavier pigs (131–137 kg) are
less easy to handle than lighter pigs (114–124kg) and
need more handler interventions to move forward in the
barn alley and on the loading ramp (Bertol et al. 2011;
Rocha et al. 2016) as, because of their larger size, they
get easily stuck in narrow spaces (Zurbrigg et al. 2017).
Their lower ease of handling has been associated with
increased salivary cortisol concentration and heart rate
(Dalla Costa et al. 2009), and greater risk of transport
losses and bruised carcases (Correa 2011; Passafaro et al.
2019; �Cobanovi�c et al. 2023). The increased risk for a
heavier pig to die or become non-ambulatory during
transport can be explained by its particular vulnerability
to heat stress resulting from overcrowding or poorly
ventilated environments (Renaudeau et al. 2011) as they
produce more body heat (þ 2% per 5 kg body weight
increase) and are less able to dissipate it compared with
lighter pigs (Brown-Brandl et al. 2004). Furthermore, it
has been shown that heavier pigs (140 vs. 120 kg) fight
more when mixed in the lairage pen and, consequently,
are more fatigued at slaughter, as shown by greater
blood creatine kinase (CK) concentrations and higher
pHu values in the ham muscles (Vero, 2021). Increased
fighting behaviour explained the greater lesion scores in
the anterior part of the carcase (where most fighting
bites are observed; Faucitano 2001) of heavier pigs
(121–145) compared with lighter pigs (70–100kg) in a
recent study (�Cobanovi�c et al. 2023).

Conclusions

The research findings overviewed in this chapter pro-
vide the evidence about the impact of production sys-
tems and practices on the subsequent response of
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pigs to pre-slaughter handling and transport and meat
quality.

Similarly to other meat species, in pigs the most
important welfare issues result from production sys-
tems involving close confinement, high stocking dens-
ity or a barren environment, painful husbandry
practices and genetic selection to increase production.

The benefits of growing-finishing pigs in indoors
enriched environments, i.e. straw-bedding and lower
density, in terms of greater ease of handling at load-
ing, faster loading procedure, lower stress status at
slaughter, and improved post-mortem muscle meta-
bolic conditions and pork meat quality have not been
consistently reported in the literature. The reason for
this inconsistency between studies can be explained
by the different enriched housing and environmental
conditions (indoor enriched vs. semi-intensive raising
systems and cold and warm, respectively) and the
stress intensity (i.e. mixing vs. no mixing, gentle han-
dling and different lairage time) applied during the
grow-to-finish period and pre-slaughter period,
respectively. Furthermore, a producer who wants to
invest in this type of production to meet the consum-
ers’ demand must consider some related drawbacks,
such as greater carcase fatness, due to increased feed
intake, pig health control (in extensive housing sys-
tems), environmental issues due to the amount of wet
and soiled bedding to dispose and risk of blockages in
the slurry system caused by the straw falling through
the floor slats.

Research has provided a clear evidence that selec-
tion for lean growth resulted in pigs more reactive to
environmental stressors and less resistant to physical
activity, particularly during pre-slaughter handling and
transport. For this reason, robustness, described as
high production potential combined with enhanced
resilience to stress and greater adaptability to ambient
conditions, has become one of the traits identified as
important breeding goals necessary for more sustain-
able pork production.

The increasing market demand for the production
of heavier pigs is creating challenges to handling and
transportation systems, in terms of lower ease of han-
dling and greater fighting in mixed groups and related
increased proportion of bruised carcases, transport
losses, fatigue condition at slaughter and DFD-like
pork meat production. Existing recommendations, in
terms of facilities design (e.g. ramp slope), handling
system (i.e. group size) and ambient, transport and
lairage conditions (i.e. thermal comfort and space
allowance), are not adapted to the physical needs of
these pigs that differ from those of other pigs due to

their greater weight and size. More research is thus
needed to provide revised science-based recommen-
dations helping producers to reduce animal and
related profit losses.

Although many countries are embracing surgical
castration with pain mitigation (anaesthesia and anal-
gesia), it is still difficult to determine whether the
increased distress from the handling (and or drug
injection) outweighs the pain relief it provides. Despite
the risk of consumer meat unacceptance or marketing
of boar-tainted carcases, the production of entire
males and immunocastrates represent a valid alterna-
tive to surgical castration of piglets. However, to
reduce their innate fighting behaviour and the risk of
condemned carcases due to severe lesions, mixing of
entire males should be avoided or at least managed
during transport and lairage. Immunocastration equals
the resistance to transport stress and fighting behav-
iour to that of surgically castrated pigs, but the latter
advantage may be offset by the supplementation of
ractopamine in the diet. Nutrition, indeed, plays an
important role in relation to the fitness of pigs at the
departure from the farm, with higher than recom-
mended doses of ractopamine making pigs less resist-
ant to physical stress and more prone to die or
become non-ambulatory during transport, and feed
composition and feeding regime increasing the cap-
acity of pigs to cope with pre-slaughter feed depriv-
ation and produce safer and better pork meat quality.

Due to the difficulties in investigating the three
dimensions of sustainability simultaneously, research
gaps persist in the evaluation of the economic and
social dimension of sustainability, while environmental
studies tend to be more common. In addition, trade-
offs between the three dimensions are present and
remain to be fully understood. In the case of animal-
friendly systems, for example, the societal and animal
welfare aspects are improved, but conflicting results
may still arise, in terms of the environmental and eco-
nomic dimensions (mainly due to lower production
efficiency and uncertain economic return for the
investments). Instead, if we consider the application of
specific farming strategies (e.g. immunocastration,
genetic selection and fasting before slaughter), the
economic and environmental aspects related to lower
resource use and increase efficiency may in some
cases be outweighed by animal welfare issues
(increased aggression, morbidity or pre-slaughter
stress). Overall, understanding these conundrums and
consequently fine-tuning farming strategies will be the
key for the development of a more sustainable pig
production.

ITALIAN JOURNAL OF ANIMAL SCIENCE 519



Disclosure statement

No potential conflict of interest was reported by the authors.

Data availability statement

The data presented in this review are available on request
from the corresponding author upon reasonable request.

References

Abbott TA, Hunter EJ, Guise HJ, Penny RHC. 1997. The effect
of experience of handling on pigs’ willingness to move.
Appl Anim Behav Sci. 54(4):371–375.

Aboagye G, Dall’Olio S, Tassone F, Zappaterra M, Carpino S,
Nanni Costa L. 2018. Apulo-Calabrese and crossbreed pigs
show different physiological response and meat quality
traits after short distance transport. Animals. 8(10):177.

Aluw�e M, Heyrman E, Almeida J, Babol J, Battacone G, �C�ıtek
J, Font I Furnols M, Getya A, Karolyi D, Kostyra E, et al.
2020. Exploratory survey on European consumer and
stakeholder attitudes towards alternatives for surgical cas-
tration of piglets. Animals. 10(10):1758.

Barton-Gade P. 2008. Effect of rearing system and mixing at
loading on transport and lairage behaviour and meat
quality: comparison of free range and conventionally
raised pigs. Animal. 2(8):1238–1246.

Batorek N, �Candek-Potokar M, Bonneau M, van Milgen J.
2012. Meta-analysis of the effect of immunocastration on
production performance, reproductive organs and boar
taint compounds in pigs. Animal. 6(8):1330–1338.

Bertol TM, Bra~na DV, Ellis M, Ritter MJ, Peterson BA,
Mendoza OF, McKeith FK. 2011. Effect of feed withdrawal
and dietary energy source on muscle glycolytic potential
and blood acid-base responses to handling in slaughter-
weight pigs. J Anim Sci. 89(5):1561–1573.

Boogaard BK, Boekhorst LJS, Oosting SJ, Sørensen JT. 2011.
Socio-cultural sustainability of pig production: citizen per-
ceptions in the Netherlands and Denmark. Livest Sci.
140(1-3):189–200.

Brown SN, Knowles TG, Edwards JE, Warriss PD. 1999.
Relationship between food deprivation before transport
and aggression in pigs held in lairage before slaughter.
Vet Rec. 145(22):630–634.

Brown-Brandl TM, Nienaber JA, Xin H, Gates RS. 2004. A lit-
erature review of swine heat production. Trans ASABE. 47:
259–270.

�Cobanovi�c N, Suvajd�zi�c B, Vi�ci�c I, Vasilev D, Karabasil N.
2023. Prevalence of carcass lesions and their effects on
welfare, carcass composition and meat quality in slaugh-
tered pigs. Ann Anim Sci. 23[accessed 2023 February 27]:
[(2):597–609. p.]. 10.2478/aoas-2022-0093.

Correa JA. 2011. Effect of farm handling and transport on
physiological response, losses and meat quality of com-
mercial pigs. Adv Pork Prod. 22:249–256.

Dalla Costa OA, Dalla Costa FA, Feddern V, Dos Santos Lopes
L, Coldebella A, Gregory NG, Monteiro de Lima GJM. 2019.
Risk factors associated with pig pre-slaughtering losses.
Meat Sci. 155:61–68.

Dalla Costa FA, Devillers N, Paranhos da Costa MJR,
Faucitano L. 2016. Effects of applying preslaughter feed

withdrawal at the abattoir on behaviour, blood parame-
ters and meat quality in pigs. Meat Sci. 119:89–94.

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

Dalla Costa OA, Ludke JV, Coldebella A, Kich JD, Costa M,
Faucitano L, Peloso JV, Dalla Roza D. 2009. [Effect of pre-
slaughter handling on some physiological parameters in
heavy gilts]. Cienc Rural. 39(3):852–858. Portuguese.

de Jong IC, Prelle IT, van de Burgwal JA, Lambooij E, Korte
SM, Blokhuis HJ, Koolhaas JM. 2000. Effects of rearing con-
ditions on behavioural and physiological responses of
pigs to preslaughter handling and mixing at transport.
Can J Anim Sci. 80(3):451–458.

de Roest K, Montanari C, Fowler T, Baltussen W. 2009.
Resource efficiency and economic implications of alterna-
tives to surgical castration without anaesthesia. Animal.
3(11):1522–1531.

Dewey C, Haley C, Widowski T, Poljak Z, Friendship R. 2009.
Factors associated with in-transit losses of fattening pigs.
Anim Welf. 18(4):355–361.

Dokmanovi�c M, Ivanovi�c J, Janji�c J, Bo�skovi�c M, Laudanovi�c
M, Panti�c S, Balti�c M�Z. 2017. Effect of lairage time, behav-
iour and gender on stress and meat quality parameters in
pigs. Anim Sci J. 88:500–506.

EFSA (European Food Safety Authority). 2004. Opinion of the
Scientific Panel on Animal Health and Welfare on a
request from the Commission related to welfare aspects
of the castration of piglets. Efsa J. 91:1–18.

Ellis M, Bertol TM. 2001. Effects of slaughter weight on pork
and fat quality. Proceedings of the 2nd International
Virtual Conference on Pork Quality; Concordia, Brazil. p.
213–224. Embrapa Swine & Poultry, Concordia, Brazil.

F�abrega E, Manteca X, Font J, Gispert M, Carri�on D, Velarde
A, Ruiz-de-la-Torre JR, Diestre A. 2002. Effects of halothane
gene and pre-slaughter treatment on meat quality and
welfare from two pig crosses. Meat Sci. 62(4):463–472.

F�abrega E, Marcet-Rius M, Vidal R, Escribano D, Cer�on JJ,
Manteca X, Velarde A. 2019. The effects of environmental
enrichment on the physiology, behaviour, productivity
and meat quality of pigs raised in a hot climate. Animals.
9(5):235.

F�abrega E, Velarde A, Cros J, Gispert M, Suarez P, Tibau J,
Soler J. 2010. Effect of vaccination against gonodotroping-
releasing hormone, using Improvac, on growth perform-
ance, body composition, behaviour and acute phase
proteins. Livest Sci. 132(1-3):53–59.

Faucitano L. 2001. Causes of skin damages to pig carcasses.
Can J Anim Sci. 81(1):39–45.

Faucitano L. 2018. Preslaughter handling practices and their
effects on animal welfare and pork quality. J Anim Sci.
96(2):728–738.

Faucitano L, Chevillon P, Ellis M. 2010. Effects of feed with-
drawal prior to slaughter and nutrition on stomach
weight, and carcass and meat quality in pigs. Livest Sci.
127(2-3):110–114.

Faucitano L, Conte S, Pomar C, Paiano D, Duan Y, Zhang P,
Drouin G, Rina S, Guay F, Devillers N. 2020. Application of
extended feed withdrawal time preslaughter and its

520 L. FAUCITANO AND E. NANNONI

https://doi.org/10.2478/aoas-2022-0093


effects on animal welfare and carcass and meat quality of
enriched-housed pigs. Meat Sci. 167:108163.

Faucitano L, Goumon S. 2018. Transport to slaughter and
associated handling. In: sp̂ınka M, editor. Advances in pig
welfare. 1st ed. London, UK: Woodhead Publishing; p.
261–294.

Faucitano L, Martelli G, Nannoni E, Manteca X. 2022.
Fundamentals of animal welfare in meat animals and con-
sumer attitudes to animal welfare. In: Purslow P, editor.
Meat quality aspects: from genes to ethics. 2nd ed.
London, UK: Woodhead Publishing; p. 667–703.

Faucitano L, Raj M. 2022. Pigs. In: Faucitano L, editor.
Preslaughter handling and slaughter of meat animals.
Wageningen, The Netherlands: Wageningen Academic
Publishers; p. 179–230.

Faucitano L, Saucier L, Correa JA, M�ethot S, Gigu�ere A, Foury
A, Morm�ede P, Bergeron R. 2006. Effects of feed texture,
meal frequency and pre-slaughter fasting on carcass and
meat quality, and urinary cortisol in pigs. Meat Sci. 74(4):
697–703.

Fekete J, Castaing J, Lavorel O. Leuillet M. 1983. Utilisation
de c�er�eales dans les aliments simples pour porcelets sev-
r�es. Comparaison des formes de pr�esentation farine et
granul�es. Journ�ees Rech. Porcine en France 15:363–376.

Fitzgerald RF, Stalder KJ, Matthews JO, Schultz-Kaster CM,
Johnson AK. 2009. Factors associated with fatigued,
injured, and dead pig frequency during transport and lair-
age at a commercial abattoir. J Anim Sci. 87(3):1156–1166.

Foury A, Lebret B, Chevillon P, Vautier A, Terlouw C,
Mormede P. 2011. Alternative raising systems in pigs: con-
sequences on stress indicators at slaughter and meat
quality. Animal. 5(10):1620–1625.

Fujii J, Otsu K, Zorzato F, de Leon S, Khanna VK, Weiler JE,
O’Brien PJ, MacLennan DH. 1991. Identification of a muta-
tion in porcine ryanodine receptor associated with malig-
nant hyperthermia. Science. 253(5018):448–451.

Geverink NA, De Jong IC, Lambooij E, Blokhuis HJ, Wiegant
VM. 1999. Influence of housing conditions on responses
of pigs to preslaughter treatment and consequences for
meat quality. Can J Anim Sci. 79(3):285–291.

Geverink NA, Kappers A, van de Burgwal JA, Lambooij E,
Blokhuis HJ, Wiegant VM. 1998. Effects of regular moving
and handling on the behavioral and physiological
responses of pigs to preslaughter treatment and conse-
quences for subsequent meat quality. J Anim Sci. 76(8):
2080–2085.

Gispert M, Faucitano L, Oliver MA, Gu�ardia MD, Coll C,
Siggens K, Harvey K, Diestre A. 2000. A survey of pre-
slaughter conditions, halothane gene frequency, and car-
cass and meat quality in five Spanish pig commercial
abattoirs. Meat Sci. 55(1):97–106.

Gispert M, Font I Furnols M, Gil M, Velarde A, Diestre A,
Carri�on D, Sosnicki A, Plastow GS. 2007. Relationships
between carcass quality parameters and genetic types.
Meat Sci. 77(3):397–404.

Gispert M, Oliver MA, Velarde A, Su�arez P, P�erez J, Font I
Furnols M. 2010. Carcass and meat quality characteristics
of immunocastrated male, surgically castrated male, entire
male and female pigs. Meat Sci. 85(4):664–670.

Goumon S, Bergeron R, Faucitano L, Crowe T, Connor ML,
Gonyou HW. 2013. Effect of previous ramp exposure and
regular handling on heart rate, ease of handling and

behaviour of near market-weight pigs during a simulated
loading. Can J Anim Sci. 93(4):461–470.

Grandin TA. 1993. Introduction: effect of customer require-
ments, international standards and marketing structure on
handling and transport of livestock and poultry. In:
Grandin TA, editor. Livestock handling and transport. 1st
ed. Wallingford, UK: CAB International; p. 1–18.

Grandin TA. 1994. Methods to reduce PSE and bloodsplash.
Proceedings of the 21st Allen D. Leman Swine
Conference; p. 206–209. Veterinary Outreach Programs,
University of Minnesota, Minneapolis, MN.

Gross S, Waldrop ME, Roosen J. 2021. How does animal wel-
fare taste? Combining sensory and choice experiments to
evaluate willingness to pay for animal welfare pork. Food
Qual Pref. 87:104055.

Guatteo R, Levionnois O, Fournier D, Gu�emen�e D, Latouche
K, Leterrier C, Morm�ede P, Prunier A, Servi�ere J, Terlouw
C, et al. 2012. Minimising pain in farm animals: the 3S
approach - “Suppress, Substitute, Soothe. Animal. 6(8):
1261–1274.

Guay K, Salgado G, Thompson G, Backus B, Sapkota A, Chaya
W, McGlone JJ. 2013. Behavior and handling of physically
and immunologically castrated market pigs on farm and
going to market. J Anim Sci. 91(11):5410–5417.,

IFIP 2022. The pig castration situation in the European
Union. IFIP Institut du porc. https://www.pig333.com/
authors/ifip-institut-du-porc_821/. [accessed 2022 January
28].

Keith FK. 2009. Implications of using immunological technol-
ogies to control boar taint on growth, carcass quality and
meat quality of finishing pigs. Proceedings of the Pfizer
International Swine Symposium; Ottawa, Canada. p. 38–
50. Pfizer Animal Health Canada, Kirkland, Canada.

Kephart KB, Mills EW. 2005. Effect of withholding feed from
swine before slaughter on carcass and viscera weights
and meat quality. J Anim Sci. 83(3):715–721.

Klont RE, Hulsegge B, Hoving-Bolink AH, Gerritzen MA, Kurt
E, Winkelman-Goedhart HA, De Jong IC, Kranen RW. 2001.
Relationships between behavioral and meat quality char-
acteristics of pigs raised under barren and enriched hous-
ing conditions. J Anim Sci. 79(11):2835–2843.

Kress K, Millet S, Labussi�ere �E, Weiler U, Stefanski V. 2019.
Sustainability of pork production with immunocastration
in Europe. Sustainability. 11(12):3335.

Lebret B. 2008. Effects of feeding and rearing systems on
growth, carcass composition and meat quality in pigs.
Animal. 2(10):1548–1558.

Lebret B, �Candek-Potokar M. 2022. Review: pork quality
attributes from farm to fork. Part I. Carcass and fresh
meat. Animal. 16:100402.

Lebret B, Meunier-Salaun MC, Foury A, Mormede P,
Dransfield E, Dourmad JY. 2006. Influence of rearing con-
ditions on performance, behavioral, and physiological
responses of pigs to preslaughter handling, carcass traits,
and meat quality. J Anim Sci. 84(9):2436–2447.

Lebret B, Prunier A, Bonhomme N, Foury A, Morm�ede P,
Dourmad JY. 2011. Physiological traits and meat quality of
pigs as affected by genotype and housing system. Meat
Sci. 88(1):14–22.

Lepron �E, Robert S, Faucitano L, Pomar C, Bernier JF,
Bergeron R. 2003. Effect of genetic line on activity and
ease of handling of growing pigs. Proceedings of the 37th

ITALIAN JOURNAL OF ANIMAL SCIENCE 521

https://www.pig333.com/authors/ifip-institut-du-porc_821/
https://www.pig333.com/authors/ifip-institut-du-porc_821/


Congress of the International Society of Animal Ethology
(ISAE); Abano Terme, Italy. p. 218.

Lewis CRG, Hulbert LE, McGlone JJ. 2008. Novelty causes ele-
vated heart rate and immune changes in pigs exposed to
handling, alleys, and ramps. Livest Sci. 116(1-3):338–341.

Li H, Gari�epy C, Jin Y, Font I Furnols M, Fortin J, Rocha LM,
Faucitano L. 2015. Effects of ractopamine administration
and castration method on muscle fibre characteristics and
sensory quality of the longissimus muscle in two Pi�etrain
genotypes. Meat Sci. 102:27–34.

Li L-A, Xia D, Bao E-D, Wei S, Xiao J-S, Bao J-W, Chen W-H,
Chen J, Hartung J, Zhao R-Q. 2008. Erhualian and Pietrain
pigs exhibit distinct behavioral, endocrine and biochem-
ical responses during transport. Livest Sci. 113(2-3):169–
177.

[MAPA] Minist�erio da Agricultura, Pecu�aria e Abastecimento
2020. Decreto n� 9.013, de 29 de março de 2017, alterado
pelo Decreto n� 10.468, de 18 de agosto de 2020.
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