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ABSTRACT

For a large number of consumers today, primarily young ones, acceptance of a foodstuff such as meat is often
linked to demands for appropriate conditions for the maintenance of productive animals, as well as proper protec-
tive treatment during transport and slaughter. The way in which commercial and slaughter animals are handled is
being viewed more and more critically by the public. The increasing sensitivity of consumers to the fate of animals
in recent years is also reflected in the emergence of new legislation. The quality of pork meat largely depends on
how the animals are handled, and in particular on factors related to pre-slaughter marketing and the conditions of
slaughter itself. During pre-slaughter marketing, the body of fattening animals and the quality of pork are particu-
larly adversely affected by conditions during loading, transport, holding in the livestock warehouse, and slaughter.
Carried out even under the best conditions, they induce a severe stress for pigs, resulting in significant reduction in

the quantity and quality of meat.
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Introduction

Increasing the efficiency of lean pork production mani-
fests itself in an increase in lean meat content in the car-
cass while reducing fat content. However, the significant
improvement in lean meat content is combined with in-
creased incidence of meat with reduced quality parame-
ters. This phenomenon is explained by a disturbance in
the internal balance of the organism of the animal and
a perpetuation of the tendency for undesirable metabolic
changes both during the life of the animal and in the mus-
cles following slaughter [Ko¢win-Podsiadta et al. 2006].

Genetics play a key role in shaping the composition
and quality of the animal carcass and, to a lesser ex-
tent, affect traits that characterize meat quality [Cameron
1990, De Vries et al. 1998]. Taking into account advances
in pig breeding, it is assumed that genetic factors deter-
mine meat quality by 10% to 30%, while the rest can be
attributed to environmental factors such as conditions in
the pre-slaughter market (15-25%) and during slaughter
(40%) [De Vries et al. 1994]. Consequently, a reduction
in environmental stressors offers tremendous opportuni-
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ties to improve the quality of raw meat. The impact of
such stressors is often strong enough to produce meat de-
fects, even in animals free of the stress-sensitivity gene
(RYRIT). Hence, a great degree of attention is paid to en-
vironmental conditions occurring at all stages of the pro-
duction process, especially in those with high meat yields
[Dalla Costa et al. 2019].

The pre-slaughter handling of pigs from the farm
to stunning and bleeding can have long-term and
short-term effects on pre-slaughter metabolism [Tarrant
1989, Rosenvold and Andersen 2003a]. Fernandez and
Tornberg [1991] indicate that variability in ante-mortem
muscle glycogen content has implications for pork qual-
ity as glycogen metabolism plays a primary role in the
conversion of muscle to meat and is expressed in various
quality traits of fresh meat.

The two best-known quality deviations of fresh pork
are PSE (pale, soft, exudative) and DFD (dark, firm, dry)
meats, with the PSE defect being more economically sig-
nificant than DFD. Pre-slaughter muscle metabolism is
connected with both mental and physical stressors. The
characteristics of defective PSE and DFD meat are pre-
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sented in Table 1 and distribution of PSE meat in pork
carcasses are presented in Fig. 1. While long-term stress
can lead to a decrease in muscle glycogen content and an
increase in the proportion of DFD meat, severe short-term
stress can produce PSE meat, depending on the amount of
glycogen remaining at slaughter. For DFD meat, the main
glycogen metabolism occurs before slaughter, while for
PSE meat it occurs after slaughter [Tarrant 1989, Tarrant
1993]. Although muscle glycogen resources in pigs at
slaughter have long been recognized as critical to meat
quality, the physiological nature of the regulation of mus-
cle glycogen is poorly understood [Graham and Adamo
1999, Rosenvold and Andersen 2003a]. According to
Honkavaara [1989c], ante-mortem handling of animals is
much easier to control than post-mortem biochemical re-
sponses in muscle tissue induced by stressful conditions
in ante-mortem handling.
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Fig.1. Pork carcass muscles exposed to PSE meat defect

[Strzelecki et al. 2006].

Welfare is closely related to such biological terms as
stress, adaptation, fitness, and homeostasis, or enriched
and depleted living environment. It refers to the organ-
ism as a whole and encompasses all its functions, from
psychological reactions (emotions, feelings) to phenom-
ena occurring at the cellular level. Interactions between
the various levels of welfare and the biological balance of
the organism arise across the entire life span and are influ-
enced by the external and internal environment. Welfare
occurs when an animal, both physiologically and etho-
logically, is in harmony with its surrounding environ-
ment and is able to adapt appropriately to changes in
the environment [Terlouw 2005]. Welfare is diminished

when the animal is unable to properly assess a situation
and actively counteract adverse changes in the environ-
ment, and when the changes are unpredictable for the
animal [Kotacz and Bodak 1999]. Thus, welfare means
more than physical or biological comfort as it addition-
ally takes into account the emotional balance, which is
dependent on the animal’s ability to fulfill its behavioral
norms [Fraser 2008].

The stress experienced by animals affects not only
carcass quality and fat deposition but also the phys-
ical and chemical components involved in the subse-
quent transformation of muscle into meat. Post-mortem
metabolism in the pig muscle and some poultry muscles
is faster than in beef or lamb. While the animals are alive,
fight or flight initiates glycogenolysis and raises the heart
rate, blood pressure, and lactic acid levels in the muscle —
a metabolic anaerobic conversion system [Fraser 2008].

Pre-slaughter handling is referred to as the totality
of activities associated with slaughter animals from the
time they finish fattening or are taken over by purchas-
ing points and transferred to meat plants for slaughter
[Wajda and Denaburski 2003]. Many authors point out
that factors causing stress to animals and even death, as
well as quantitative and qualitative losses in pre-slaughter
handling, are temperature, humidity, density, health sta-
tus, and animal handling practices [Warriss and Brown
1994, Fischer 1996, Wajda and Denaburski 2003]. Poor
pre-slaughter handling of animals causes material losses,
such as a reduced weight of the live animal, and also
deaths. Losses in ante-mortem handling can also re-
sult from mechanical damage, which leaves traces af-
ter slaughtering animals in the form of congestion and
bruises. Through improper ante-mortem handling, defec-
tive meat of PSE or DFD type can be produced following
slaughter. In addition, bleeding efficiency drops, which
makes the meat less resistant to autolytic and microbio-
logical processes [Tereszkiewicz et al. 2004]. Rybarczyk
et al. [2015] showed that the finishers slaughtered with-
out a pre-slaughter rest, with the shortest fasting time and
by a greater amplitude of ambient temperature during the
pre-slaughter handling, were characterized by the lowest
blood loss.

The following parameters of pre-slaughter animal
handling have a significant impact on obtaining high car-
cass and meat quality: fasting time, loading and unload-
ing equipment (e.g., ramp angle), type and equipment
of transport vehicles, loading density, duration of trans-
port, driving and handling of the animals, and the time
and manner of pre-slaughter rest. On the other hand, dur-
ing slaughtering, the method of stunning and the tim-
ing of subsequent bleeding, as well as the technique for
cooling the half carcasses, have also a significant impact
[Warriss and Brown 1983, Lambooy and Engel 1991].
Relationships between stress reactivity, slaughter condi-
tions and meat quality are presented in Fig. 2.
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Table 1. The properties of normal and faulty meat [Ko¢win-Podsiadta et al. 2006].

Traits Normal PSE DFD
Shelf life normal good low
Water binding normal bad

Weight loss of raw meat (WNas) normal (2-6%) high (>6.0%) low (<2.0)
Weight loss after curing and smoking (72°C)* normal }tl;f:l; S)_rfr?ﬁl }:Tig;:)r low
RTN (%) >91 <91 (very low) >91
Colour (L-meat lightness) correct (52-58) pale (>58) dark (<52)
Taste good strong acidity bad
Consistency normal soft firm
Tenderness and juiciness correct correct dry
Result of curing and smoking correct bad

s iy ety

* in the production of “Sopocka Loin”, WNus — drip loss at 48 h post mortem (%), RTN — technological yield

Slaughter

conditions

Prior experience Genetic background

L

Evaluation of the situation

(animalll/velfare)

Decision making

Behavioural and physiological
responses
Muscle nfetabolism

L

Meat quality

Fig.2. Diagram representing relationships between stress reactivity, slaughter conditions and meat quality [ Terlouw 2005].

Feed withdrawal ing pigs of feed before transport (known as pre-slaughter

starvation) is to reduce the risk of death during transport,
The Council of Europe Regulation 1099 [EC 2009] states especially in hot weather [Warriss 1994, Bradshaw et al.
in the section on the protection of livestock that animals 1990l to improve meat quality (lower PSE meat turnout),
should be offered water ad libitum and should be starved  and to avoid the risk of bacterial contamination from in-
within reasonable limits. The main rationale for depriv-
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testinal contents during evisceration [Eikelenboom et al.
1991, Gispert et al. 1996].

The period before slaughter from the last feeding is
a determinant of ante-mortem muscle glycogen concen-
tration and post-slaughter PSE meat happening [Tarrant
1989, Eikelenboom et al. 1991]. It is widely believed that
the pre-slaughter starvation period provides a lower mus-
cle glycogen concentration and a lower lactic acid content
post-mortem [De Smet et al. 1996], resulting in a higher
final pH, improved water holding capacity, and darker
meat color [Jones et al. 1985, Rybarczyk et al. 2007].
Some pigs expend large amounts of energy, especially if
they are fighting, while others do not. Long periods of
starvation contribute to muscle glycogen depletion. When
pigs are starved, the glycogen reserves in the muscles are
used for energy. Inadequate feeding and lack of rest may
result in a glycogen deficiency before slaughter, which
later may be responsible for an increase in the frequency
of defective DFD meat. In addition, the incidence of DFD
meat increases within the first hours of the slaughterhouse
pig storage period due to fighting. It has been indicated
that long periods of feed deprivation prior to slaughter
may be used intentionally to lower muscle glycogen lev-
els, which would affect less post-mortem muscle acidi-
fication and reduce the incidence of PSE meat [Fischer
et al. 1988, Eikelenboom et al. 1991, Wittmann et al.
1994]. Consequently, in many countries, 12—18 hours of
starvation before slaughter is a common practice to re-
duce the risk of microbial contamination during slaugh-
ter and to limit meat quality deviations [Eikelenboom et
al. 1991, Driessen et al. 2020a]. Studies by Faucitano et
al. [2010] indicate that a 24-hour period between the last
feeding and slaughtering of the animals appears to be an
acceptable compromise for obtaining carcasses with opti-
mal performance, characterized by the meat of good qual-
ity and safe for consumption. A study by Rybarczyk et
al. [2017] showed that while maintaining the same pre-
slaughter rest period (14 h) in the livestock store, fatteners
subjected to a longer pre-slaughter starvation (24 h vs. 18
h) were characterized by better physicochemical quality
of meat.

However, prolonged pre-slaughter starvation may
pose arisk of increased hierarchical aggression and fight-
ing in groups of pigs, especially in mixed groups from
different suppliers [Murray et al. 2001]. Fernandez et al.
[1995] showed no significant differences between fat-
tening pigs that were fed or starved and their aggres-
sive behavior, plasma catecholamine concentrations, or
blood cortisol levels. In addition, it is generally found
that prolonged pre-slaughter starvation affects a reduc-
tion in pre-slaughter animal weight and carcass weight at
the same time [Eikelenboom et al. 1991]. Several stud-
ies have reported no significant effect of starvation for up
to 48 hours on carcass weight losses [Warriss and Brown
1983], or even up to 60 hours [Murray and Jones 1994].

According to Beattie et al. [2002], pre-slaughter weight
losses in pigs are related to urine and fecal excretion, and
not due to carcass weight losses.

Glycolytic and energetic resources

Studies [Rosenvold et al. 2001a, Rosenvold et al. 2001b]
have shown that muscle glycogen stores can be con-
trolled prior to slaughter not just by a sufficiently long
pre-slaughter starvation, but also by feeding, thereby in-
fluencing the rate of pH decline and possibly the tech-
nological quality of pork. According to Tikk [2007], in
pork production, strategic feeding is a major factor in
managing and controlling meat quality. In recent years,
there has been increasing interest in controlling muscle
glycogen stores at slaughter as glycogen plays a key role
as a substrate in live muscle energy metabolism, as well
as in post-mortem metabolism, during which muscle is
converted to meat [Rosenvold et al. 2003, Andersen et
al. 2005]. One reason for manipulating muscle glycogen
stores for slaughter is that it plays a critical role in shap-
ing meat quality, mainly through its effect on pH drop
[Offer 1991, Offer and Cousins 1992] and thus on water
holding capacity (WHC) and meat color [Rosenvold et al.
2001b, Tikk et al. 2008].

Providing animals with feed high in digestible carbo-
hydrates aims to reduce the problem of poor meat qual-
ity associated with high pH 24 post mortem, known as
DFD [Rosenvold and Andersen 2003b]. DFD meat is pro-
duced by reducing the formation of lactate in muscle in
the post-mortem period with low glycogen and creatine
phosphate levels [Oliver et al. 1996]. Feeding a diet high
in digestible carbohydrates for one or two days prior to
slaughter can increase muscle glycogen stores and thus
lower final pH [Conte et al. 2021]. In contrast, feeding
pigs a diet rich in fat (17-18%) and protein (22-24%)
combined with low digestible carbohydrates (<5%) in
the 3 weeks prior to slaughter lowers glycogen stores in
the longissimus dorsi muscle [Rosenvold and Andersen
2003b].

Galleway et al. [1977] noted that it is possible to re-
build glycogen stores in pigs that have been improperly
transported with the consumption of sugar and molasses.
However, improper treatment of animals prior to slaugh-
ter is combined with their intense excitement prior to
slaughter, accelerated glycogenolysis post-mortem, thus
acidification of muscle tissue, and the increased risk of
PSE watery meat [Conte et al. 2021]. While a definite
improvement in meat quality by giving pigs water with
molasses before slaughtering was obtained by Borzuta
[1994], this was not confirmed by Bak [1995] study,
which found lighter color, slightly worse water holding
capacity, and no effect on the proportion of PSE and DFD
meat in pigs.
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Using components in the feed ration that can directly
or indirectly reduce the stress response, pork quality can
be improved. The immediate response to stress triggers
is the release of neurotransmitters in the brain that acti-
vate the nervous system and release stress hormones into
the blood, which can stimulate muscle metabolism, neg-
atively affecting meat quality. Magnesium is indicated to
counteract the effects of catecholamines in stressful sit-
uations [D’Souza et al. 1998a], with many such stud-
ies indicating better pork quality [Schaefer et al. 1993,
D’Souza et al. 1998b, D’Souza et al. 1999]. From the
neurotransmitter serotonin, tryptophan concentration is
lower in pigs with some degree of stress. Accordingly,
increasing the dietary intake of tryptophan leads to an in-
crease in serotonin synthesis in the brain [Adeola and Ball
1992]. A reduction in pre-slaughter aggression and the in-
cidence of carcasses with PSE meat was found in a study
on pigs by Warner et al. [1998].

Loading, unloading and mixing unfamiliar

It is generally accepted that the most stressful elements of
transport are the loading at the farm and unloading at the
slaughterhouse [Barton-Gade 1997]. The concentrations
of the stress hormone cortisol and beta-endorphins are
significantly elevated immediately after loading the pigs.
Emotional excitement during loading and unloading, and
fighting between unfamiliar pigs causes muscle fatigue,
which can also result from long-term stress [Bradshaw et
al. 1996].

Loading is an important activity that can cause stress
in pigs because it is the first time in their lives that they
are moved from a fattening site to an unfamiliar location
off the farm. In addition, they are exposed simultaneously
to several stressors associated with transport, i.e., mixing
with unfamiliar pigs, forced contact with humans, and
high animal density. In addition, the pigs are forced to
walk from the collection point to the ramp and then into
the means of transport. According to van Putten [1982],
about 50% of pigs suffered from leg weakness during
the pre-slaughter handling. Nanni Costa et al. [1996] re-
ported a higher incidence of foreleg injuries and a higher
percentage of carcasses with PSE meat in pigs loaded
from the ground using a ramp, compared to pigs loaded
using a hydraulic ram.

The use of an elevator instead of a ramp allows load-
ing a smaller group of 8—10 pigs, thus reducing stressful
loading conditions and human interaction. [D’Souza et
al. [1998a] indicate that improper treatment of fattening
pigs by handlers on the farm affects early post-mortem
muscle glycogen stores, as well as lowers final pH and a
higher carcass incidence of PSE meat when compared to
animals that are better treated on the farm. The loading
and unloading of animals could be done gently using a
ramp that is as horizontal as possible. It is recommended
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to use ramps with a slope of no more than 15-20°. On
ramps that are steeper and smoother, animals are reluc-
tant to enter voluntarily, which can lead to an aggressive
reaction of handlers and often an increase in skin injuries
[van Putten and Lambooij 1982]. According to these au-
thors, the heart rate of the pigs increased linearly as the
slope of the ramp increased.

The effect of mixing unfamiliar pigs on the incidence
of skin damage was clearly demonstrated by Karlsson
and Lundstrom [1992], who found a beneficial effect of
keeping pigs together in the same group from weaning to
slaughter. The struggle for hierarchy in the group is as-
sociated with activity, which leads to an increase in cor-
tisol and creatine kinase (CPK) enzyme levels, as well
as depletion of glycogen stores in the muscles, resulting
in a higher pH of the final meat. This metabolic condi-
tion leads to the formation of DFD meat [Oliver et al.
1996]. One possible method of counteracting this is the
use of containerized transport, which allows the pigs to
be moved in groups of 10-15 individuals from the rear-
ing site through transport to the slaughter of the animals
[Driessen et al. 2020b].

Transport

Transportation plays a coordinating role in the various
links in the production chain and the provision of nu-
tritionally adequate food. The days when a feature of
agricultural transportation was the high versatility of the
means of transportation are passing into history. There
can be no situation where a product that meets all quality
requirements is destroyed or its quality is reduced as a re-
sult of inappropriate means of loading or transportation.
Modern agriculture and high-quality products must rely
on modern specialized means of transportation [Marczuk
2005].

The movement of agricultural products and livestock
is subject to a number of regulations, both in Poland and
across the entire EU. Particular attention is paid to sani-
tary and veterinary requirements in the transportation of
slaughter animals, as they concern the transportation of
living organisms, sensitive to pain and stress. The prob-
lem of the legal protection of animals is included in six
conventions and five directives of the Council of Europe
[Nielsen et al. 2022]. Humanitarian and economic con-
siderations have led to the elimination of rail transport
in the transportation of live animals for slaughter. Since
1992, rail transport of slaughter animals, common in the
past, has disappeared within Europe in favor of road
transport. The convenience of road transport stems from
the fact that it reduces transport time as much as possible
and reduces the most stressful handling, and above all, it
is in line with the assumptions of the Council of Europe’s
Conventions on animal rights [Maciotek 1996].
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Means of transport and containers should be designed
to protect animals from cold or overheating and provide
opportunities for control and care. If tethers cannot be
avoided, they should be strong and long enough to al-
low them to lie down and eat and drink freely. If animals
of different species are transported in the same room,
they must be separated by species and sex. Transportation
should be carried out as quickly as possible, and infor-
mation about animal shipments should be brought to the
attention of checkpoints as early as possible to ensure
that entry and transit formalities are handled as quickly
as possible.

The Directive Regulation 2017/625 of the European
Union [EC 2017] says that the duration of animal trans-
portation in principle must not exceed 8 hours. This time
can be extended if the means of transport meet such re-
quirements as the possibility of supplying animals with
bedding, with feed, if it has drinkers, portable partitions,
and the possibility of ventilation. If pigs are transported
in adapted vehicles, feeding and rest breaks are manda-
tory. Pigs can be transported for a maximum of 24 hours,
provided they have constant access to water. This time
can be extended by a further 2 hours if the destination
can be reached within this time. However, if the transport
route is longer, then after the 24-hour transport, when the
animals cannot be fed inside the vehicle during transport,
then they must be unloaded at a suitable place for water-
ing and feeding (the so-called stopping point), and they
must rest for a minimum of 24 hours [Nielsen et al. 2022].

Of all the livestock species, pigs are the most sus-
ceptible to adverse environmental factors, which mani-
fests itself in a propensity for sudden death and injury,
especially during transport [Lister et al. 1981]. Prior to
slaughter, pigs are removed from their family enclosure,
chased down a walkway to a ramp, and from there onto a
carriage where they may be together in a single compart-
ment with unfamiliar individuals. These sudden changes
to adjust in a short period of time to new environmental
conditions can result in physical and psychological stress
for pigs [van Putten and Lambooij 1982].

Studies indicate that transportation stress can seri-
ously compromise the physiological state of pigs and
affect meat quality [Lambooij 2000]. Martoccia et al.
[1995] found that transport is the most significant pre-
slaughter factor for pigs because it affects both meat
quantity and quality. Studies on transportation stress are
difficult to analyze due to the combined contribution of
many transportation-related factors [Stephens and Perry
1990]. Transport conditions such as density, ventilation,
humidity, noise, driving quality, distance, extreme ambi-
ent temperatures during transport, and even the driver’s
driving technique, all can affect muscle metabolism in
vivo [Lambooy and Engel 1991, Barton-Gade 1997,
Warriss 1998, Faucitano 2001]. In general, transport con-
ditions affect the quality of post-mortem meat by provok-

ing stress or fatigue in the animals [Lambooij and van
Putten 1993].

The duration of transport has various effects on pork
quality. Warriss et al. [1990] found that pig transit time
of 1 to 4 hours had no significant effect on the final pH of
the meat. Shorter transit times may be more detrimental
than longer ones if driving conditions, animal density, and
ventilation are not adequate [Tarrant 1989]. Stephens and
Perry [1990] suggest that pigs may become accustomed
to the stress of transport. The aforementioned authors
found that the greatest increase in heart rate occurred im-
mediately after starting the engine, and then gradually de-
creased during transport. Grandin [1994] noted that pigs
transported over very short distances (time up to 30 min-
utes), especially under adverse conditions, are more stub-
born and difficult to manage in slaughter plants, and have
a higher incidence of PSE meat than pigs exposed to
longer transport, which is associated with a higher inci-
dence of DFD meat as a result of prolonged stress and
depletion of muscle glycogen stores.

Many difficult-to-control environmental factors can
interact with genetic predispositions in shaping meat
quality [Warriss et al. 1990]. It is generally accepted that
stress in the pre-slaughter period should be minimized to
reduce the risk of meat quality deviations, especially in
animals with the stress-sensitivity gene (RYRIT). Studies
indicate a significant deterioration of meat quality char-
acteristics under various stressors in pigs with the stress
sensitivity gene (RYRIT) compared to pigs lacking this
allele [De Smet et al. 1996, Nanni Costa et al. 1999,
Hammermeister et al. 2004].

According to the Directive 91/628 EEC [EC 1991],
the internal transport temperature may vary from 5-30°C
with a tolerance of £5°C depending on the animal
species and climatic conditions. The effect of climatic
conditions on stress in animals during transport is diffi-
cult to assess. Weather conditions are dependent on lo-
cation, time of day, and season. The optimal conditions
in terms of temperature during pig transport are 16-20°C
and a relative humidity of 50-80% [Lambooy 1988], as
higher temperatures and humidity are very dangerous for
pigs due to the inefficient way of removing excess heat
from their bodies [Grandin 1998]. For pigs, air tempera-
tures above 30°C are already stressful. Spraying animals
with water immediately before or after transport to in-
crease body cooling should be used [Nielsen et al. 2022].
Logtestijn et al. [1982] noted that the number of trans-
port falls increased during the summer months during hot
weather and/or high relative humidity.

Both very high (>24°C) and very low (<2°C) ambi-
ent temperatures can also be a source of stress for pigs
[Honkavaara 1991]. High ambient temperatures during
transport and during the pre-slaughter period will lead to
an increase in body temperature, and this suggests that
the pigs are often at the upper level of thermal tolerance
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[Lambooy et al. 1987, Warriss 1991]. Studies indicate
that the temperature during transporting of the pigs af-
fects the quality of their meat [Lambooy 1988]. Excessive
pig density and poor ventilation during hot weather, poor
transportation equipment, road conditions, and driving
technique can reduce the quality of pig meat [Grandin
1997].

During transport, animals must be able to stand in a
natural position and all must be allowed to lie down at
the same time [Lambooij 2000]. Failure to provide pigs
with adequate space during transport exposes the pigs to
heat stress and an increase in body temperature, fatigue,
reduced meat quality, and to an increase in skin damage,
and higher mortality. Too much space is also not benefi-
cial, as it affects possible damage to pigs thrown at sud-
den stops and during cornering [Guise and Warriss 1989,
Tarrant 1989]. Honkavaara [1989a] found that the highest
maximum mortality occurred on warm days (14-24°C),
while the fewest deaths were recorded in cooler weather
(about 8°C). Consequently, loading levels need to be re-
duced by 10% during hot weather and in high-traffic or
urban areas, as ventilation may be reduced as a result
of slowing or stopping the movement of the means of
transport. Therefore, Grandin [1998] recommends that
pig transport be scheduled to slaughter facilities at night
or early in the morning.

According to Eilert [1997], low temperatures in the
carriage do not affect pork quality. However, if pigs ex-
perience cold during transport, this will require adequate
pre-slaughter rest at higher temperatures, which is detri-
mental to meat quality. Lambooy [1988] showed that the
temperature in the middle and rear sections of the car-
riage during pig transport was higher and that pigs from
these compartments of the carriage after the slaughter had
a lower temperature and higher pH of the semimembra-
nosus muscle.

The season of the year is associated with the tempera-
ture of transport, which affects the amount of weight loss
and meat quality in pigs. Wajda and Denaburski [1983]
found greater weight losses in porkers in summer than in
winter, which, in line with the results of Bak [1995], in-
dicates the absolute necessity of watering porkers prior
to slaughter at this time of year. Meller [1992] showed
that the season in which pigs were slaughtered influenced
the final quality of meat. Ko¢win-Podsiadta et al. [1990]
noted a higher proportion of PSE meat in porkers slaugh-
tered in the spring compared to those slaughtered in the
fall. Kaczorek et al. [1998] and Strzelecki et al. [20006]
showed that meat from pigs slaughtered in winter showed
significantly better physicochemical indices compared to
meat from pigs slaughtered in summer. The proportion of
individuals with PSE meat was several percent higher in
summer than in winter, with the same pre-slaughter mar-
keting conditions. Krzgcio et al. [2002] noted a higher
incidence of PSE meat in spring-summer than in autumn-

www.asp.zut.edu.pl

winter, and this was closely related to the stress sensitiv-
ity gene (RYR1); pigs with the TT genotype relative to
RYRI1 showed higher dynamics of glycolytic metabolism
than pigs free of the stress sensitivity gene (CC/RYRI).

Lairage time

Once delivered to slaughterhouses, pigs are held in pens
and remain there for a period of time depending on the
plant’s slaughter capacity. Each slaughterhouse strives to
hold live pigs for as short as possible due to the issues of
feeding and watering and the possibility of animal deaths.
According to Directive 93/119/EEC [EC 1993], animals
that have not been slaughtered within 12 hours after arriv-
ing at the slaughterhouse must be fed. Many meat plants,
therefore, plan slaughters within 12 hours to avoid feed-
ing the animals.

The main purpose of plants holding animals in live-
stock pens is to maintain the speed and continuity of
slaughtering regardless of differences in the timing of de-
liveries. The second function of keeping animals in pens
is to allow the animals to recover physiologically after
being transported, known as the pre-slaughter rest. The
duration of pre-slaughter rest can vary depending on the
severity of the stress, for example, the greater the trans-
port stress, the longer the time spent in the livestock pens
[Trevisan and Brum 2020]. Martoccia et al. [1995] found
that it is not possible to determine the level of stress in
pigs based just on transport distance and that the ben-
efit of proper handling of animals during the preceding
stages of farming may be lost if animals are subjected
to high levels of stress immediately prior to slaughter.
During pre-slaughter rest, additional stress and physical
pain can be induced, leading to further deterioration of
meat quality and an increase in the degree of skin dam-
age. Therefore, the optimum time for pre-slaughter rest
will closely depend on the conditions of the livestock
pens, i.e. mixing of unfamiliar animals, density, and tem-
perature together with the intensity of stress experienced
by the pigs during transport [Rosenvold and Andersen
2003a].

Varying environmental conditions (temperature and
humidity) during rest can have additional effects on pig
homeostasis and meat quality [Warriss 1991, Roseiro et
al. 1996]. Honkavaara [1989b] indicates that the optimal
temperature, humidity, and duration of pre-slaughter rest
are, respectively: 15-18°C, 59-65%, and 3-5 h, and in-
dicates that such conditions in the livestock pens con-
tributed to a lower lactic acid content in the muscles and
a lower incidence of pig carcasses with PSE meat. In ad-
dition, pigs in live storage should have access to potable
water ad libitum and possibly be sprayed with water on
hot days [Weeding et al. 1993, Grandin 1994]. Such a
practice limits the temperature rise in the muscles be-
fore bleeding and during the early post-mortem metabolic
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period [Klont and Lambooy 1995]. Offer [1991] found
that lowering the body temperature by 2°C before exsan-
guination reduced the initial rate of myosin denaturation
by 37%, resulting in reduced meat drip loss.

It is important that conditions in the livestock pens
keep the pigs calm, observe a stocking density of
0.55-0.67 m~2 - 100 kg, and do not mix pigs from differ-
ent suppliers. The data shows that the average aggression
rate was 2 incidents per pig per hour in a group of sev-
eral pigs known to each other, with pigs in an unfamiliar
group showing as high as 12 incidents per pig per hour
[Faucitano 2001]. During the first hour of pre-slaughter
rest, pigs experience stress as a result of aggressive be-
havior [Grandin 1997], causing increased metabolic ac-
tivity which in turn lowers muscle pH and increases body
temperature [Enfilt et al. 1993]. The average cessation
of fighting during post-transport pre-slaughter rest is 2
hours, and pigs actually begin to rest [van der Wal et al.
1997, van der Wal et al. 1999]. In contrast, after 4 hours of
rest in the livestock warehouse, pigs begin to “wake up”
and resume aggressive behavior, which can ultimately af-
fect meat quality [Grandin 1997].

Studies by many authors indicate that longer pre-
slaughter rest in pigs reduces stress hormone levels and at
the same time reduces the incidence of PSE meat; how-
ever, there is a risk of an increase in the incidence of skin
lesions and DFD meat and is associated with a chronic
release of corticosteroids into the blood [Warriss 1998a].
The increase in the proportion of DFD meat is mainly
due to physical exertion (fighting) and the associated de-
pletion of glycogen stores in muscle [Warriss et al. 1998,
Nanni Costa et al. 2002]. If stress occurs immediately be-
fore slaughter, PSE meat can also occur [Trevisan and
Brum 2020]. Studies have shown that pigs rested for 24
hours had only 1.9% of carcasses with PSE meat, while
pigs rested from O to 2 hours with high energy reserves
had 13.1% of carcasses with PSE meat [Faucitano 2001].

Glycogen depletion may not be sufficient to raise
the final pH of meat, especially in some pigs that have
higher glycogen concentrations (up to 70% in white mus-
cle), which usually leads to very low final pH values in
these pigs. Even under conditions of long confinement,
meat with a high final pH did not appear in these pigs
[Wassmuth and Glodek 1992].

As already mentioned, the duration of confinement
in the livestock warehouse has various effects on phys-
iology in pigs. A number of authors have shown that
increasing pre-slaughter rest time to 2 hours or longer
has an effect on lowering plasma cortisol levels in pigs
[Dokmanovi¢ et al. 2015, Rey-Salgueiro et al. 2018]. In
contrast, Warriss et al. [1998] found that pigs kept in a
slaughter plant pen for three hours had similar cortisol
and lactate concentrations and higher serum creatine ki-
nase (CPK) activity compared to pigs kept in a livestock
pen for one hour. In addition, the aforementioned authors
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noted that keeping pigs in a live storage facility all night
lowered cortisol, lactate, and CPK levels compared to
pigs kept for 1 and 3 hours in a live storage facility. They
conclude that the optimal pre-slaughter rest time should
be longer than 3 hours.

There are no conclusive results in studies on the op-
timal pre-slaughter rest time in pigs. This may be due to
the fact that determining the optimal time of pre-slaughter
rest is very difficult in practice since the return of the ani-
mal’s body to a state of physiological equilibrium is pos-
sible only if the correct conditions in the livestock store
are ensured. Some studies indicate that increasing the
time pigs are kept in the slaughter plant pen to 24 hours
improves pork quality [Milligan et al. 1998, Dokmanovic¢
et al. 2014]. Others indicate that pre-slaughter rest in the
livestock warehouse for 2 to 6 hours compared to imme-
diate slaughter after transport improves meat quality by
reducing PSE formation in pigs [Grandin 1994, De Smet
et al. 1996, van der Wal et al. 1997]. In contrast, Warriss
[1987] analyzed the effects of the timing and conditions
of both transport and pre-slaughter rest on pork quality
and found that under modern conditions, the duration of
pigs in live storage can have little or no effect on meat
quality.

Aaslyng and Barton-Gade [2001] showed that pork
quality in pigs free of the stress sensitivity gene (RYRIT)
does not depend on the duration of pre-slaughter rest
when pigs are exposed to weak stress factors. However,
because of the benefits of a short ante-mortem rest in re-
ducing the incidence of carcasses with PSE meat, a 2- to
4-hour holding period for pigs in live storage is standard
practice in most slaughterhouses [Grandin 1994, Milligan
et al. 1998, Warriss et al. 1998b]. According to Geverink
and Lambooij [1994] and Roseiro et al. [1996] slaughter-
ing pigs immediately upon arrival at the slaughterhouse
will reduce the degree of skin damage to mixed porkers in
the pre-slaughter pen and should reduce the formation of
PSE meat as a result of being under stressful environmen-
tal conditions (>35°C, >80% humidity). In the guaranteed
food quality (QAFP) system, pigs should rest for 4 hours
after the end of the transport, and 6 hours if the animals
are transported more than 100 km and under tempera-
ture exceeding 30°C. In that system, it is unacceptable
to bypass the pre-slaughter rest and slaughter animals
immediately after transport [Obiedzinski et al. 2009].
Holding pigs in the meat plant livestock stores can cause
stress to the animals and prevent glycogen resynthesis,
but this will depend on the duration of emotional activity
in the animals [Warriss 1987, Tarrant 1989]. After they
have undergone the pre-slaughter rest, they are again ex-
posed to intense muscular exertion, which, in combina-
tion with improper animal handling, can lead to low pH
values in the muscles before bleeding [Enfilt et al. 1993].
Honkavaara [1989a] found that the high incidence of car-
casses with PSE meat arises largely due to stressful han-
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dling after the pre-slaughter rest as they are chased from
the feed store to the stunning area. This indicates that this
stage is a very important source of stress for the pigs
headed for slaughter. It is well-known that pigs driven
in a single line without visual contact with each other
with more frequent handling have high blood concentra-
tions of catecholamines and elevated body temperature
[Troeger 1989]. In addition, due to fear and nervousness,
the degree of muscle acidification occurs faster than nor-
mal [Troeger 1989, Enfilt et al. 1993, Hunter et al. 1994].
At this stage of the procedure, the principles of animal
movement and the technical solutions of the transit corri-
dors are of fundamental importance, due to the need to
move the pigs quickly, to maintain smoothness on the
industrial slaughter lines of meat plants. Unfortunately,
electric pig herders are often used in practice to increase
the speed of herding, which results in more frequent
stress, skin damage, and increased incidence of PSE meat
[Geverink and Lambooij 1994, Faucitano et al. 2006].
Faucitano et al. [2006] reported a 50% decrease in car-
cass damage by avoiding the use of herders when guid-
ing pigs toward the stunning chamber. This problem has
been successfully solved in some slaughter plants using a
system of automatic gates that guide pigs in small groups
to slaughter [Barton-Gade et al. 1992].

Conclusions

The quality of pork meat largely depends on how the an-
imals are handled, and in particular on factors related to
pre-slaughter marketing and the conditions of slaughter
itself. During pre-slaughter marketing, the body of fat-
tening animals and the quality of pork are particularly
adversely affected by conditions during loading, trans-
port, holding in the livestock warehouse, and slaughter.
Carried out even under the best conditions, they induce a
severe stress for pigs, resulting in significant reduction in
the quantity and quality of meat.

Pre-slaughter stress can be long-term related to han-
dling animals on the farm, mixing animals from different
suppliers, loading and transporting animals, and short-
term stress related to conditions during unloading, pre-
slaughter rest, and directing animals for stunning. These
two types of stress should not be considered as two sep-
arate phenomena. Long-term stress leads to meat qual-
ity deterioration in the form of the occurrence of DFD
meat, mainly due to the depletion of glycogen and ATP
reserves, while short-term stress is mainly responsible for
PSE meat.
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DOBROSTAN SWIN W OBROCIE PRZEDUBOJOWYM A JAKOSC TUSZY | MIESA

STRESZCZENIE

Dla licznej rzeszy konsumentéw, przede wszystkim mtodych, akceptacja Srodka spozywczego, jakim jest migso,
jest dzisiaj czgsto powiazana z zadaniami odpowiednich warunkéw utrzymania zwierzat uzytkowych, jak réwniez
wilasciwym, zgodnym z zasadami ochrony, traktowaniem ich podczas transportu i uboju. Sposéb obchodzenia si¢ ze
zwierzetami uzytkowymi i rzeZnymi jest postrzegany przez spoleczenstwa coraz bardziej krytycznie. Wzrastajaca
w ostatnich latach wrazliwo$¢ konsumentéw na los zwierzat znajduje odzwierciedlenie réwniez w powstawaniu
nowych przepiséw prawnych. Jako$¢ migsa wieprzowego w znacznym stopniu zalezy od sposobu obchodzenia sig¢
ze zwierzgtami, a w szczeg6lnosci od czynnikéw zwiazanych z obrotem przedubojowym oraz warunkami samego
uboju. W trakcie obrotu przedubojowego szczegélnie niekorzystnie na organizm tucznikéw i jako$¢ wieprzowiny
maja wplyw warunki podczas zatadunku, transportu, przetrzymywania w magazynie zywca i uboju. Przeprowadzo-
ne nawet w najlepszych warunkach stanowia dla §win silny stres, ktéry powoduje znaczne straty ilociowe, jak
i jakoSciowe.

Stowa kluczowe: tuczniki, dobrostan, stres, transport, odpoczynek przedubojowy, jakos¢ tuszy i migsa
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