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Les hommes ont oublié cette vérité, dit le renard. Mais tu ne dois pas 
l'oublier. Tu deviens responsable pour toujours de ce que tu as apprivoisé. 

Antoine de Saint-Exupéry 

Le petit prince 

All the roads that lead you there are winding 
All the lights that light the way are blinding 

Oasis 

Wonderwall 

Listen as the syllables of slaughter cut with calm precision 

Marillion 

Assassin 
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Fattening pig sector 
In the Netherlands pork is the most popular meat, with 44.4 kg being eaten per 

head of the population each year (PVE, 1997). Of the total production, about 75% is 
exported. To maintain this production, the Netherlands have about 24.000 pig farms 
which are highly concentrated in the south of the country. Each year almost 20 
million pigs are slaughtered in 32 slaughterhouses (Ministry ANF, 1996). In 1996, the 
human population was almost outnumbered by the number of pigs, but the outbreak of 
classic swine fever at the beginning of 1997 reduced the number of pigs with about 
25%. One of the consequences of the publicity on the disease was that the attention 
was drawn once more to the environmental and welfare issues associated with modern 
pig production, which is characterized a.o. by indoor housing on slatted floors and no 
bedding, with a high number of animals per surface area. These intensive husbandry 
systems have been developed from the sixties onwards, thus having a rather short 
history compared with the long domestication history of the pig and requiring 
considerable physiological and behavioural adaptation. 

The wild pig 
The ancestors of domestic pigs are to be found among wild pigs of the species 

Sus scrofa which ranges throughout Eurasia (Epstein and Bichard, 1984). Wild pigs 
live mainly in dense brush or near dense cover. Away from civilization, they are 
found to be active mostly during the daylight (Graves, 1984). Pigs are omnivorous 
and spend a great deal of their time rooting in search for food. Pigs are social animals 
and wild pigs typically live in groups of two to five related females and their imma­
ture offspring (Graves, 1984). Other individuals may be loosely associated with this 
basic social unit, while adult wild boars tend to remain solitary. Piglets begin to form 
social dominance relationships with littermates within hours after birth. Because 
several females may combine litters, interactions with individuals from other litters 
begin very early in life (Graves, 1984). 

Domestication 
The earliest remains of domesticated pigs have been found in Turkey and date 

back to ca. 7000 B.C. (Reed, 1977). Later remains of pig bones have been found all 
over Eurasia, and domestic swine have been imported to most other continents. 
Several breeds have been developed and distributed during the latest centuries (Epstein 
and Bichard, 1984). In the process of domestication, the pig has changed in 
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morphology and physiology. Compared to the wild pig, the domestic pig with its 
round body form and less hairy skin has a high growth potential with an increased 
capacity to lay down lean tissue instead of fat reserves. Fattening pigs are growing to 
120 kg in around 25 weeks, with a conversion rate of under 3 kg concentrated feed to 
1 kg live weight. With regard to behaviour, the social structures are said to be relaxed 
in the domestic pigs, and aggression, flight distance and motility are lower than in its 
wild counterpart (Hemmer, 1990). On the other hand, productivity is much higher. 
Domestic sows have more litters over a given period than wild sows, and in addition 
their litter numbers 8-12 or even more whereas that of wild sows is 4-6. 

Modern husbandry 

The intensive management systems that have been developed during the past 
decades differ in many respects from the former outdoor systems in which pigs were 
kept in a practically wild state. For example, the common commercial practice is to 
wean at 3 or 4 weeks of age, although piglets left with their mother are weaned 
between 14 and 17 weeks of age (Jensen, 1986). Early weaning of piglets is often 
practised to increase the number of litters which a sow may have over a given period. 
It induces a number of specific behaviours in piglets such as belly-nosing and sucking 
of other piglets (Fraser, 1978). During the growth of the piglets to slaughterweight, 
they may be mixed into new groups several times to create fattening groups that are 
made up of individuals who are very similar as to breed, size, and age. Mixing 
unfamiliar pigs will result in fighting to establish a new dominance hierarchy, and 
they no longer fight once dominance has been settled (Meese and Ewbank, 1973). 
However, instability has been reported (Meese and Ewbank, 1972) and it has been 
shown that up to six weeks after mixing elevated levels of agonistic behaviours can be 
found (Ekkel et al., 1997). Competition over e.g. food may cause aggression in esta­
blished groups (Fraser et al., 1995). 

With respect to the housing methods, fattening pigs are usually kept in pens with 
fully or partly slatted floors and without substrate available. The minimum required 
space for a fattening pig weighing between 85 kg and 110 kg is currently 0.65 m2 in 
the EC (EC Directive, 1991b) and 0.7 m2 in the Netherlands (Varkensbesluit, 1994). 
It has been shown that this type of housing affects the behaviour of pigs compared to 
extensive housing systems. Schouten (1991) showed that piglets reared in commercial 
farrowing crates perform less exploration and more manipulation of littermates and the 
sow than piglets reared in large straw pens. Also during the period from weaning to 
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slaughter, barren housing conditions result in more harmful social and aggressive 
behaviour than large straw pens (Beattie et al., 1995; Lyons, 1995; Petersen, 1995). 
The type of rearing house can also have long-term effects at first farrowing in gilts. 
Gilts reared in crates show high levels of restlessness before and during farrowing 
compared with gilts reared in straw pens (Schouten, 1991). 

Preslaughter treatment 

When a fattening pig has reached slaughter weight, it is transported to the 
slaughterhouse. The most common means of transport for slaughter pigs is the lorry. 
As export of live animals within the European Union is allowed, some of the pigs will 
be transported over long distances. In 1996, 2.7 million pigs were exported from the 
Netherlands, of which 70% to Germany and 10% as far as Italy (PVE, 1997). Within 
the Netherlands, the distance between farm and slaughterhouse is limited and transport 
will generally not last longer than three hours. Upon arrival at the slaughterhouse, 
pigs are unloaded and moved by slaughterhouse employees into a holding pen in 
lairage. The main purpose of a lairage is to act as a holding area, where a reservoir of 
animals can be maintained so that the dressing line can operate at a more or less 
constant speed irrespective of variations in the delivery of pigs. A second function of 
lairage is to let the animals recover from transport and in general, about two hours of 
rest are maintained (Lambooij, pers. comm). After this period, the pigs are moved to 
the stunning area. Electrical stunning is the principal method used in most European 
countries. The stunning current is usually applied across the head, leading to a 
temporary stun. In small slaughterhouses, the method will be carried out manually 
with the pigs free-standing on the floor of the stunning pen. In large slaughterhouses, 
pigs are driven one after another in a restraining conveyor in which they will be 
automatically stunned. Bleeding must be started as soon as posible after stunning (EC 
directive, 1993). 

Assessment of welfare during preslaughter treatment 

The EC Directives on the protection of animals during transport (EC Directive, 
1991a) and at the time of slaughter (EC Directive, 1993) require national legislation to 
become effective. Because most countries have not yet implemented the directives in 
laws and legislation is often based on existing practices, preslaughter treatment is still 
likely to affect the welfare of pigs. As Duncan and Fraser (1997) pointed out, science 
cannot provide a purely objective measurement of welfare because the conclusions we 
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draw about an animal's welfare are based on value judgements as well as knowledge. 
However, welfare can be assessed by using a large number of variables (Broom and 
Johnson, 1993). Several measures of poor welfare concern long-term responses, such 
as a reduced ability to grow or breed, immunosuppression, disease and abnormal 
behaviour patterns. Welfare indicators for preslaughter treatment will obviously 
concern short-term responses, since there are usually just a few hours between loading 
at the farm and the time of slaughter. Frequently used indicators of acute stress are 
behavioural and physiological responses. 

Behavioural responses 

Behaviour is one of the most easily observed indicators of welfare: it provides 
information about the animal's needs, preferences and internal states (Mench and 
Mason, 1997). Changes in the frequencies of social and non-social behaviours or 
suppression of behaviours can provide cues about welfare problems. Behaviour 
observations can show which animals are likely to be most affected by pre-slaughter 
treatment. Animals which are very disturbed by these conditions are likely to show 
less normal behaviour such as exploration and either overreact or do not respond to 
events around them (Fraser and Broom, 1990). Behaviours that are indicative of fear 
and disturbance are e.g. unwillingness to move, escape and avoidance. Signs that are 
associated with pain and illness are e.g. trembling, vomiting, panting and difficulties 
with moving. With regard to transport, observations may be related to the change of 
position and resting behaviour. Factors such as density, micro-climate and roughness 
of the journey affect the activities of pigs (Lambooij, 1995). Much attention has been 
paid to the ease of loading, unloading and moving pigs and environmental factors 
influencing it. Pigs have difficulties climbing ramps and therefore hydrolic lift pens 
for loading and unloading are recommended (Grandin, 1983). Races or passageways 
which are harrow or incorporate sharp bends reduce the ease of movement and thus 
the time needed to pass through (Warris et al., 1992a). Pigs move more readily from 
a distinctly darker area into a brightly illuminated area (Van Putten and Elshof, 1978). 
Grandin (1983) mentioned that shadows will impede the movement of pigs, but Tanida 
et al. (1996) showed that 1-week old piglets did not respond to shadows and lines 
across the floor, and that it may be the fence poles themselves rather then their 
shadows at the floor that stop the animals. Also noise is suggested to frighten pigs in 
lairage (Grandin, 1983). The behavioural consequences of mixing in lairage have been 
studied by Moss (1978), who found that intensive fighting occurred in the first half 
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hour of mixing in groups of 20 pigs and that after one hour of penning the majority of 

pigs were resting. 

Physiological responses 

Acute stress is known to affect a large range of physiological variables. A 
frequently monitored physiological response to acute stress is a change in activity of 
the autonomic nervous system. The balance between the sympathetic and para­
sympathetic branches of the system determines cardiac output. Sympathetic nerve 
stimulation will increase heart rate, while activity of the vagus nerve slows the heart. 
An increased sympathetic activity results in increased plasma levels of catecholamines: 
noradrenaline is principally released by the nerve endings of the sympathetic nervous 
system whereas the adrenal medulla secretes mostly adrenaline. Activation of the 
sympatho-adrenal system in response to acute stress is known as the emergency 
reaction, and functions to mobilise the body's resources for action. 

Heart rate measurements have been used to evaluate the effect of loading and 
transport. The highest peaks in heart rate occurred during loading and unloading 
(Augustini and Fisher, 1982; Ville et al., 1993). Transport increased heart rate 
compared to previous resting levels (Stephens and Rader, 1982). With regard to such 
studies of heart rate, it should be kept in mind that changes as a result of physical 
activity cannot be distinguished from changes due to emotional responses. 

The effect of transport on catecholamines in individual pigs was measured using 
blood sampling via a jugular catheter (Dalin et al., 1993), showing that transport 
increased adrenaline levels while noradrenaline levels fluctuated. Troeger (1989) used 
blood sampling from the ear vein in lairage and showed that forced driving in groups 
led to higher adrenalin levels than careful driving. It should be noted that the 
possibilities to obtain blood samples in groups of pigs via catheters are limited because 
pigs are likely to chew and destroy the catheters of their groupmates. Alternatively, 
post-slaughter blood samples can be used to assess catecholamines, but both electrical 
and mechanical stunning methods can cause dramatic increases in catecholamine levels 
(Shaw and Tume, 1992). 

Measurements of activity in the hypothalamic-pituitary-adrenal (HPA) system are 
also very useful in the assessment of welfare problems due to acute stress. Upon the 
animal's exposure to a stressful stimulus, corticotropin releasing hormone (CRH) is 
released from the hypothalamus and stimulates the release of adrenocorticotropin 
hormone (ACTH) from the anterior pituitary. In turn, ACTH stimulates the release of 
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glucocorticoids (Cortisol and corticosterone) from the adrenal cortex. Glucocorticoids 
exert a negative feedback on the brain and pituitary in order to regulate the activity of 
the HP A axis. The axis displays a circadian rhythm in basal activity, with elevated 
concentrations of ACTH and glucocorticoids in the morning that decrease during the 
day. 

Glucocorticoids function to promote the transformation of non-sugars into sugars 
and thus provide the body with rapidly mobilised sources of energy. They synergize 
with the sympathetic nervous system in increasing heart rate and blood pressure, as a 
means to deliver the mobilized energy substrates to the muscles more rapidly. The 
HPA axis and the sympathoadrenal axis influence each other: adrenaline released 
from the adrenal medulla can evoke ACTH release from the pituitary and 
glucocorticoid-release from the adrenal cortex, and CRH stimulates the release of 
adrenaline and noradrenaline. 

At moderate to high levels, glucocorticoids generally suppress endocrine, renal, 
immune and neural defence mechanisms, and it is suggested that elevated levels of 
corticosteroids in acute response to stress serve to suppress the body's normal 
defences against stress, preventing those defences from overshooting and themselves 
threatening homeostasis (Munck et al., 1984). 

Peripheral concentrations of glucocorticoids are valuable indicators of stress, 
because Cortisol shows a graduated response, depending on the severity of the 
stressor. Comparing the Cortisol increase of a group of animals subjected to a series of 
stressors can be a useful means to assess their aversiveness (Terlouw et al., 1997). 

Once secreted from the adrenal gland, most of the glucocorticoids bind with high 
affinity to a binding globulin. The free, i.e. unbound fraction of the glucocorticoids, is 
the biologically active form. Free Cortisol can also diffuse to saliva and its 
concentration in saliva closely approximates the unbound plasma level (Vining and 
McGinley, 1984). The rate of equilibrum of Cortisol between blood and saliva is less 
than 5 minutes (Vining et al., 1983). Collection of saliva is an easy, non-invasive 
procedure and therefore very useful to measure Cortisol in the pig (Parrott and 
Misson, 1989; Parrott et al., 1989). Sampling saliva in pigs to measure Cortisol levels 
has proved to be a practical alternative for sampling blood in evaluating transport 
(Becker et al., 1985; Nyberg et al., 1988). Cortisol levels in plasma appear to be 
unaffected by stunning methods and measurement of Cortisol in post-slaughter blood 
samples can be used to assist in evaluation of abattoir treatments (Shaw and Tume, 
1992). For example, Warriss et al. (1992b) concluded on the basis of Cortisol levels in 
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post-slaughter blood samples that after two to three hours in lairage basal levels are 
reached again and therefore a resting period of this duration is required from the 
welfare point of view. 

Individual differences in behavioural and physiological responses 

The magnitude of the stress response in a certain condition will also depend on 
the characteristics of the individual animal. Individual differences in the way animals 
adapt to environmental challenges are well documented in laboratory animals (Bohus 
et al., 1987; Benus et al., 1987). Whereas some individuals react in a behaviourally 
and physiologically active way, others use more passive modes of reaction. These 
individual characteristics can be related to genetic and ontogenetic factors (Benus et 
al., 1991), early life experiences (Mendl and Paul, 1991) and recent life experiences 
(Van Oortmerssen et al., 1985). Also pigs have been shown to express considerable 
individual variability in response to environmental stimuli. Some authors state that 
different behavioural and physiological strategies remain constant within individual 
pigs regardless of context (Lawrence et al., 1991; von Borell and Ladewig, 1992; 
Mendl et al., 1992; Hessing et al., 1994) while others reject this (Forkman et al., 
1995; Jensen et al., 1995). Individual differences in behaviour and physiology may 
have consequences for the ability of pigs to cope with unfamiliar stimuli such as pre-
slaughter treatment. 

Preslaughter treatment and meat quality 
The behavioural and physiological responses to preslaughter treatment not only 

are indicators of welfare, but may also have an effect on perimortem muscle 
metabolism and thereby on meat quality. Before discussing how this effect may be 
achieved, a brief explanation should be made of the relation between muscle 
metabolism and meat quality. 

Perimortem muscle metabolism and meat quality 

In the live animal, carbohydrate metabolism is the main source of energy 
generation, i.e. ATP production, during muscle exercise (Stryer, 1981). In this 
process, glycogen is broken down to glucose-1-P units, which are subsequently 
converted into glucose-6-P units. In the glycolytic pathway glucose-6-P is transformed 
into pyruvate, and under aerobic conditions further processed via the cytric acid cycle 
and oxidative phosphorylation, ultimately leading to a high energetic yield of ATP. At 
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high energy demands during strong exercise, the oxygen supply may become 
insufficient, and pyruvate will be converted under anaerobic conditions into lactate. 
Lactate lowers the muscle pH, and enters the blood stream in order to be converted 
into glucose by the liver. 

After slaughter, breakdown of glycogen to lactic acid is the only energy-yielding 
metabolic pathway available in the anaerobic interior of muscles (Tarrant, 1989). The 
increase in lactate will lead to a decrease in muscle pH. The breakdown will continue 
until no more glycogen is available, or until at a pH of ca. 5.4 the activity of the 
enzymes involved is stopped. The disappearance of ATP will coincide with the onset 
of rigor mortis, i.e. the rigidity of the musculature. 

The processes described above may vary between individuals in the extent of the 
changes and the rate at which they continue. This variation is responsible for the 
spectrum of meat quality ranging from PSE (pale, soft, exudative) to DFD (dark, 
firm, dry). PSE meat is characterized by a rapid rate of pH fall after slaughter, so 
that the pH reaches a low value while the temperature of the carcass is still high. The 
meat is pale and watery as a consequence of protein denaturation (Sybesma, 1976). 
PSE meat has a poor acceptability with consumers and leads to poor processing and 
cured products (e.g. bacon). DFD pork occurs when muscle glycogen is depleted 
before slaughter (Tarrant, 1989). Post-mortem acidification is curtailed and the 
muscle's ultimate pH will be high. DFD is discounted because of its unattractive 
colour and texture and its shelf-life is reduced considerably (Newton and Gill, 1981). 

Preslaughter factors influencing meat quality 

The influence of preslaughter treatment on DFD is well understood. Depletion of 
muscle glycogen by metabolic exhaustion can be induced by e.g. long transport or 
mixing the animals before slaughter (Tarrant, 1989). 

The factors that trigger an extremely rapid glycolysis in the muscle after 
slaughter and lead to PSE seem to be more complicated and encompass both genetic 
and environmental factors (Cassens et al., 1975). Genetic factors other than the 
halothane gene are involved, as some breeds are more prone to develop PSE than 
others (Monin and Sellier, 1985). In addition, there seem to be many environmental 
factors that influence the incidence of PSE. For example, the housing systems in 
which fattening pigs are kept are thought to influence indirectly the responses to 
preslaughter treatment and subsequent meat quality (Henry, 1993; Barton-Gade and 
Blaabjerg, 1989). However, the acute stress encountered during short-term transport 
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and in lairage is believed to be the major cause of PSE meat. Behavioural and 
physiological responses to acute stress could lead to properties of PSE via an 
associated increase in muscle exercise, muscle temperature, or elevated hormone 
levels. The relative effect of ante-mortem muscle exercise and temperature on post­
mortem glycolysis and meat quality have been elegantly tested by Klont et al. (1995a, 
1995b) in pigs that were anaesthetized 45 minutes before slaughter. Stimulating 
muscles by electric pulses resulted in a lower water-holding capacity and a lighter 
meat colour. Anaesthetized pigs that were covered by a blanket in which water of 
different temperatures was circulated, showed paler meat with increased muscle 
temperatures. However, in both experiments post-mortem glycolysis was not changed. 
The authors concluded that muscle pH can already be low at slaughter and thus is not 
only the result of an increased post-mortem glycolysis. Furthermore, muscle 
temperature in itself is an important factor in determining post-mortem protein 
denaturation and thus colour and water-holding capacity. 

The hormones released in response to preslaughter treatment may influence meat 
quality. Sympathetic arousal and adrenaline release can trigger a rapid glycogenosis 
and excessive lactate production, thus favoring the development of PSE (Tarrant, 
1992). The relationship between Cortisol and meat quality parameters is conflicting 
(Cassens et al., 1975) and there may be an absence of aberrant meat quality in pigs 
with high Cortisol levels (Gregory et al, 1987). However, because the HPA axis and 
the sympatho-adrenal axis influence each other, increased HPA-axis activity can 
stimulate adrenaline release. Furthermore, Shaw and Tume (1992) concluded in a 
review that the absence of a clear relationship between plasma constituent indicators of 
stress and meat quality indicators of stress is not surprising in view of the transient 
nature of changes in concentrations of blood constituents. 

Thus, preslaughter treatment that leads to an increase in sympatho-adrenal and 
HPA-axis activity, increased exercise or elevated body temperature, can consequently 
lead to aberrant meat quality. Several recommendations regarding transport and 
lairage considering these factors have been made. Pigs should be fasted for 12-24 
hours before slaughter, as this is thought to reduce transport death, travel sickness, 
and the percentage PSE-meat (Eikelenboom et al., 1990). During transport, stocking 
density should be low enough to allow the pigs to rest (> 0.51 m2/pigs for live 
weight > 120 kg, EC working group, 1992), and an environmental temperature of 
approximately 16 °C with a low air velocity resulted in best meat quality (Lambooij et 
al., 1987). Warris (1987) concludes in a review on lairage time that a short period in 
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lairage may reduce the incidence of PSE carcasses, but the length of lairage is ill-
defined for different types of pig. Prolonged lairage may lead to problems with DFD-
meat, particularly in pigs fasted before transport or fatigued by transport. If pigs are 
showered with cold water in lairage, this will lower the body temperature and PSE 
incidence decreases (Smulders et al., 1983). Fighting due to mixing pigs in lairage 
leads to both more PSE and DFD (Karlsson and Lundström, 1992). 

Aim of this thesis 
In view of the above the purpose of this thesis is to gain more insight in the 

relative contribution of common preslaughter treatment factors in evoking behavioural 
and physiological responses indicative of reduced welfare. Furthermore, attention is 
paid to the effects of conditions during the fattening period on responses to 
preslaughter treatment, and to the consequences for meat quality. 

During the past decades, slaughterhouses have increased in size and consequently 
the number of pigs slaughtered became higher. To explore the current situation, field 
observations were conducted on pigs held in lairage at several slaughterhouses. In 
Chapter 2, results of this study are described with emphasis on slaughterhouse 
husbandry practice, the level of agonistic interactions between pigs in the holding pen 
and individual differences in aggressive behaviour, and resulting skin damage after 
slaughter. 

In Chapter 3, main factors of preslaughter treatment, i.e. transport followed by 
driving and mixing, were simulated in an experimental setting and the responses of 
pigs were investigated. Individual differences in aggression during mixing were 
related to agonistic behaviour shown previously in the home pen and skin damage 
after mixing. The appendix to Chapter 3 lists the effects of transport followed by 
driving and mixing on several meat quality parameters. 

Porcine meat quality can be predicted to a certain extent by studying properties 
of the skeletal muscle in live pigs (Lahucky, 1987). Muscle samples are usually 
collected by a "shot-out" with a specially adapted common slaughter pistol with a 
cannula on the top (Lahucky et al., 1982; Wegner and Ender, 1990). To estimate 
whether this 'shot biopsy' method could be used in our project, Chapter 4 describes 
behavioural and physiological responses of slaughter pigs to the biopsy. 

The aim of the study presented in Chapter 5 was to investigate the impact of 
slaughterhouse sounds on behavioural and physiological responses of pigs. Pigs were 
exposed to one of the following sounds, recorded in a large slaughterhouse: Pigs 
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driven to the restrainer and Machines in lairage. As controls, White noise, or No 

sound were used. 

The effects of regular moving and handling during the fattening period on 

responses of pigs during preslaughter treatment, and the consequences for meat quality 

are described in Chapters 6. Chapter 7 describes the differences between pigs that 

were either raised in intensive housing conditions or in less intensive conditions. 

In Chapter 8, the major findings of Chapers 2-7 are summarized and discussed. 
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Abstract 

In five Dutch and four Belgian slaughterhouses the following elements were studied: 
1) slaughterhouse husbandry practice, 2) agonistic behaviour in groups of pigs, and 3) 
indices of skin damage following slaughter recorded on a relative scale of 1-4 where 4 
indicates severe damage. Variation in slaughterhouse husbandry practice was considerable 
(stocking density range, 1.0-3.1 pigs/m2; range of time spent in lairage prior to slaughter, 
0-3 h). Brooms and/or electric goads were used to move pigs in all slaughterhouses and 
in one Dutch abattoir handling with sticks seemed to contribute considerably to skin 
damage. The level of agonistic behaviour was lowest during the first ten min in lairage. 
In the Dutch slaughterhouses, large individual differences in aggression between pigs 
were observed. Pigs in Belgian slaughterhouses were tranquillized prior to transport 
resulting in generally low levels of agonistic behaviour. The percentage of resting animals 
increased steadily up to an average of 36% in the Dutch and 45% in the Belgian abattoirs 
after 1.5 h. In both the Dutch and the Belgian slaughterhouses, skin damage was higher 
in the front (2.3 ±0.1 and 2.1 ± 0.3 respectively) and in the middle region (2.2 ± 0.2 
and 2.1 ± 0.2 respectively) than in the hind region (1.7 ± 0 . 1 and 1.4 ± 0.2 
respectively) of the pig. For the Dutch slaughterhouses skin damage was significantly 
associated with time kept in lairage (P < 0.05) and stocking density (P < 0.05). It is 
suggested that to decrease aggression and skin damage and thus to increase welfare in the 
visited Dutch slaughterhouses, stocking density should be lower and pigs should be 
slaughtered as soon as possible after arrival. 

Introduction 

The treatment of slaughter pigs during lairage at the abattoir may cause 
psychological and physical stress, and may also lead to deterioration in meat quality 
(Mormède and Dantzer, 1987; Tarrant, 1992). Rough, careless handling should be 
prevented as this is often a source of bruising, particularly at unloading (Tarrant, 1989). 
A period of rest in lairage is believed to lead to a recovery from the stress of transport 
and consequently in the production of better meat (Warris, 1987). Two to three hours of 
rest reduce Cortisol levels and are therefore recommended with regard to welfare (Warris 
et al., 1992). Unfamiliar animals should not be mixed during lairage as they will fight 
to establish a new social dominance order (Guise and Penny, 1989; Moss, 1978). 
Fighting gives rise to an increased incidence of skin damage and prevents resting 
behaviour (Barton-Gade et al., 1992). Apart from ethical considerations and public 
image, it is in the interests of slaughterhouse management to take the welfare of pigs into 
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account in order to process carcasses without bruises and therefore profit from resultant 
meat quality. 

In addition to slaughterhouse husbandry practice, individual responses of pigs may 
play a role with regard to their welfare. In pigs, it is well known that individual 
differences in behavioural responding to stress exist. Recent studies show different 
behavioural and physiological strategies which are consistent within individual pigs 
(Lawrence et al., 1991; Mendl et al., 1992; Hessing et al., 1994). These individual 
differences may have consequences for the coping capacity of individual pigs in specific 
stressful situations. For example, when groups of unfamiliar pigs are mixed, the extent 
to which an individual will engage in agonistic encounters may vary and may result in 
different physiological changes and/or physical damage (bruises). 

Field observations were conducted on pigs held in lairage at various slaughterhouses 
in order to examine 1) slaughterhouse husbandry practice, 2) the level of agonistic 
interactions in the holding pen and individual differences in aggressive behaviour, and 3) 
skin damage after slaughter. Although it was not possible to get reliable information on 
the origin and already existing skin damage of the animals, an attempt was made to relate 
skin damage to treatment and aggression. 

Materials and methods 

Five Dutch (hereafter referred to as A-E) and four Belgian slaughterhouses 
(hereafter referred to as F-I) were visited in the mild winter of 1993/1994. The number 
of pigs slaughtered per hour for slaughterhouses A-E was about 600, 750, 350, 350 and 
350, respectively; for F-I the number was 250. Visits to three of the Dutch 
slaughterhouses (A, B and C) were repeated twice. 

Subjects 

Four groups of pigs were followed during each visit. Around 08.00 h, two groups 
of pigs were observed simultaneously during lairage (one by recording on videotape, one 
by live observation) and skin damage was scored post-mortem after scalding and 
evisceration. Subsequently, around 12.00 h two other groups were followed in the same 
way. No information was available concerning the type and number of pens the observed 
pigs were kept in during fattening, their treatment during loading, or already existing skin 
damage on arrival at the slaughterhouses. 
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Slaughterhouse husbandry practice 

The kind of tools used when moving pigs (e.g. electric goads and sticks) was 
recorded. Lairage time (time kept in the holding pens), number of pigs per group and 
density of pigs/m2 were determined. 

Agonistic behaviour 

During each slaughterhouse visit, behaviour of two out of four groups in lairage was 
recorded on video tape after the pigs were placed in the holding pens, one around 08.00 
h and one at around 12.00 h. On arrival at the slaughterhouse, 30 individuals in each 
video-recorded group were given a colour code on the back with a standard marker 
spray, for ease of identification. A GR-M3 camcorder was mounted above the pen 
providing a view area which encompassed 90% of the pen area. For each pen, recordings 
were collected for 1.5 h in real-time. Tapes were subsequently viewed and analysed with 
The Observer / Video Tape Analysis System (Noldus, 1991). Frequency and duration of 
all agonistic interactions were recorded, and if a marked individual was involved, its code 
as well as its role (aggressor or receiver) was recorded. 

In addition to the video-observed groups, two other groups were observed directly 
during each slaughterhouse visit for five bouts of 10 min each. The first bout started 
when the pigs entered the holding pen, the second started at t = 20 min, the third at t 
= 40 min, the fourth at t = 60 min, and the fifth at t = 80 min. All agonistic 
interactions were recorded with The Observer 2.0 on a Psion Organiser LZ 64 hand-held 
computer. Duration of the interactions was calculated. At the beginning and end of each 
10-min period, the number of animals resting (sitting and lying) was also recorded. 

Skin damage 

After scalding and evisceration, skin damage in front (cranial to the caudal point of 
the shoulder), middle and hind region (caudal to the hipbone) was assessed subjectively 
employing a 4-point scale which takes product utilization into account (Barton-Gade, 
1993): 1, no skin damage; 2, slight skin damage; 3, skin damage affecting quality; 4, 
extreme skin damage with possible rejection of tissue. 

In Dutch but not in Belgian slaughterhouses, pigs generally had eartags so that 
marked animals from the groups recorded on video could be individually recognized after 
slaughter. 
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Statistical analysis 

Variables related to skin damage were initially analysed with a mixed analysis of 
variance model (Searle et al., 1992, Ch. 1). Group means were analysed. Slaughterhouse 
effects were entered as fixed effects in the model. These effects encompass all effects 
particular to slaughterhouses, including e.g. effects of employees and loading facilities. 
Other fixed effects include e.g. lairage time, which was entered as a co-variate. Visits 
within slaughterhouses were entered as random effects. Group sizes were entered as 
weights for the residual error terms in the model. So: 

Yijk = M + Sj + ß xijk + Vy + eijk, 

where yyk is the mean for the k-th group in the j-th visit to the i-th slaughterhouse based 
on on njjk observations, /* is an overall mean, S; is the effect of the i-th slaughterhouse, 
Xyk is the lairage time with coefficient ß, Vy is the random effect for the j-th visit, and 
eyk is the residual error term. 

Terms Vy and eyk are assumed to be mutually independent, with means 0 and 
variances o2

v and ff^/ny^ respectively. Means relating to the same visit, based on n and 
n ' observations respectively, have a common random effect for that visit and are 
positively correlated with correlation p = (^//{(a^ + o^/nXo^ + o2Jn')}. 
Components of variance were estimated with restricted maximum likelihood (REML) 
(Pattersen and Thompson, 1971; Searle et al., 1992, Ch. 6). Calculations were performed 
with REML facilities of Genstat 5 (1993). The intra-visit correlations p proved to be very 
small. Therefore, subsequent analyses were performed without the random effects for 
visits in the model. This reduces the analysis to an unbalanced weighted analysis of 
variance. Various models were fitted to the data employing regression routines of Genstat 
5, with appropriate dummy variables for the factors in the models. As a descriptive 
addition to these analyses, Spearman correlations were calculated between variables using 
group means. Furthermore, estimated means for duration of agonistic interactions during 
lairage time were calculated over groups and slaughterhouses with a mixed model 
analysis. 

In addition to the analysis of group means, Spearman correlations between variables 
(e.g. skin damage and aggression received) were calculated per group recorded on video. 
These correlations were averaged (e.g. over groups within slaughterhouses). Seven out 
of 22 video recordings in Dutch lairage had to be omitted from analysis due to poor tape 
quality (one out of six for each of the slaughterhouses A, B, and C, and two for each of 
slaughterhouse D and E). The average correlation, based on say m groups of sizes ni ... 
n,,,, was referred to a normal distribution with mean 0 and variance of E^-iyVm2, to 
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test whether the variables were significantly related. The variance under the null-
hypothesis of no relationship refers to the situation that rank numbers of one variable are 
randomly combined with rank numbers of the other variable concerned (Conover, 1980). 

Results 

Dutch slaughterhouses (A - E) 

Slaughterhouse husbandry practice. Almost all transport-workers used electric goads 
to unload pigs from lorries. Employees of the slaughterhouses used electric goads and 
brooms to move the pigs. In slaughterhouse D, rubber sticks were used. Only in 
slaughterhouse C driving was done quietly without using tools. Speed of driving did not 
seem to differ from that in other slaughterhouses. In all slaughterhouses, electric goads 
close to the restrainer were powered by electric mains, showing that management allows 
their usage. 

300 

0-10 20-30 40-50 60-70 

Time period (min) 

80-90 

Fig. 1. Mean (+ SEM) total duration of agonistic interactions in 10-min bouts during 
lairage time for an average group in Dutch slaughterhouses. Means lacking a common 
superscript differ significantly (P < 0.05). 
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Only batches of pigs from the same original producer were mixed in a pen. The 

number of pigs per producer varied considerably. As a consequence, mean group size in 

a holding pen was 50 + 2 pigs, with a minimum group size of 27 and a maximum group 

size of 90, and density in the holding pens varied between 1.0 and 2.7 pig per m2. 

Lairage time varied. In the small slaughterhouses, supply of pigs was sometimes 

insufficient for a number of hours, causing the number of pigs in lairage to be depleted. 

New pigs arriving at the slaughterhouse were then driven immediately to the stunning 

point, as a steady stream of animals delivered to the stunning point was required. If the 

supply of pigs was sufficient, pigs would stay in lairage for up to three hours. Mean 

lairage time in slaughterhouses A, B and C was almost two hours, mean lairage time in 

slaughterhouses D and E was about one hour. 

Behaviour. The total duration of agonistic interactions at 40-50 min and 60-70 min 

was significantly higher than during the first 10 min after introduction in the holding pen 

(Fig. 1). The occurrence of aggressive behaviour was by no means evenly distributed 

amongst individuals (Fig. 2a and 2b). In each group, about five pigs were the major 

aggressors. Their aggression was always directed to more than one animal. The pigs 

which received the majority of the aggression were always attacked by more than one 

animal; 41.3 ± 8.3% of the animals in a group were not involved in agonistic 

interactions at all. Pooled Spearman correlations were calculated between aggression 

performed by a pig and aggression received by that individual (Table 1) to form an 

impression of the relationship within groups. For all three slaughterhouses A, B, and C 

these correlations were significant. 

Table 1. Spearman rank correlation coefficients (/-s) for 3 Dutch slaughterhouses between (1) total 
frequency of aggression performed by a pig and total frequency of aggression it received, and 
between (2) total duration of aggression performed by a pig and total duration of aggression it 
received. Correlation coefficients were calculated for 5 groups within each slaughterhouse and 
pooled 

Abattoir Frequency performed aggression - Duration performed aggression -
frequency received aggression duration received aggression 

A 0.44*** 0.53"* 

B 0.61*** 0.64*** 

C 0.57*** 0.59*** 

*** Significant at P < 0.001. 
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Pig nr. 

300 250 200 150 100 

Pig nr. 

100 150 200 250 300 

Received Performed 

300 250 200 150 100 50 0 50 100 150 200 250 300 

Received Performed 
Duration of aggression (sec) ' 

Fig. 2. Total duration of aggression performed and received by each marked animal in 
two individual groups (n = 30) recorded on video during lairage time (60 and 90 min, 
resp.) in Dutch slaughterhouses. 
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Immediately after the pigs were introduced in the holding pen, they started to lie 
down along the fences. The number of pigs lying down gradually increased during lairage 
time (Fig. 3). The highest percentage of pigs observed resting was 87%; the mean 
percentage after 1 h was 27%, and after 1.5 h this had increased to 36%. 

Skin damage. Analysis showed that effects of visits within slaughterhouses were 
negligible for variables related to skin damage, i.e. components of variance for 
differences between visits were small compared to the residual components representing 
variation within visits. Formal F-tests showed that none of the components differed 
significantly from zero. Therefore, effects for visits were excluded from the models 
subsequently fitted to the data. This means that subsequent analyses were performed with 
(unbalanced) analysis of variance models. Skin damage in the hind region was always 
lower than skin damage in the front and middle region. Mean skin damage score for the 
front region was 2.3 ±0 .1 , for the middle region 2.2 ± 0.2, and for the hind region 1.7 
±0 .1 (Table 2). F-tests for differences between slaughterhouses were significant for all 
skin damage variables (P < 0.01 in all three cases). Pair-wise comparisons showed that 
slaughterhouse D differed from A, B, and E in skin damage in middle and hind region 
(Table 2). The scores for D were significantly (P < 0.05) higher. In slaughterhouse D 
rubber sticks were used to drive the animals and with scoring of skin damage, marks left 
by these sticks in the middle and hind region were clearly visible. 

100 

80 

% 60 
w 

</5 

f 40 

20 -

Dutch pigs 

Belgian pigs 

, 

~ 

/ 
/ . 

• / 

s^~-

^ *"* 
^" 

y 

^ 

1 1 1 1 1 1 

10 20 70 80 30 40 50 60 

Lairage time (min) 

Fig. 3. Mean (± SEM) percentage of animals resting (sitting and lying) during lairage 

time in Dutch and Belgian slaughterhouses. 
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Table 2. Skin damage means (±SEM), weighed for group size, for 5 Dutch slaughterhouses. 

Abattoir n Skin damage 

A 

B 

C 

D 

E 

All1 

11 

12 

12 

4 

4 

5 

Front region 

2.3±0.1a'b 

2.1±0.1a 

2.5±0.1b 

2.6±0.2b 

2.0±0.2a-b 

2.3 ±0.1 

Middle region 

1.8±0.1a 

1.8±0.1a 

2.5±0.1b 

2.7±0.2b 

2.2±0.2a-b 

2.2+0.2 

Hind region 

1.5±0.1a 

1.6±0.1a 

1.7±0.1a-b 

2.0±0.2b 

1.5±0.2a 

1.7+0.1 

a,b Means within a column lacking a common superscript differ significantly (P < 0.05) 
1 Averaging over the means of A...E. 

Lairage time was included as a covariable in the model. The corresponding 

coefficient was significantly different from zero for skin damage in the front region (P 

< 0.05), but not for the middle and hind regions. Thus, lairage time was significantly 

associated with skin damage in the front region. For the front region, duration of lairage 

time "explained" only 4.1% of the variance, while addition of the factor for 

slaughterhouses increased this percentage to 31.4%. Percentages explained for the middle 

and hind regions were negligible without slaughterhouses in the model, and equalled 46.3 

and 23.1% respectively with slaughterhouses included. This shows that lairage time 

explains only a small part of the variation in skin damage between slaughterhouses. With 

stocking density as a covariable in the model, the corresponding coefficient was 

significantly different from zero for skin damage in the hind region (P < 0.05), showing 

that density was significantly associated with skin damage in the hind region. Density 

explained 16.2% of the variance, while addition of the factor for slaughterhouses 

increased this percentage to 30.8%. Percentages explained for the front region were 

negligible and for the middle region 14.6% without slaughterhouses in the model, and 

25.5 and 47.1 % respectively with slaughterhouses included. In addition to these analyses, 

Spearman correlations were calculated over slaughterhouses for group means of lairage 

time, skin damage and density. Correlation between lairage time and skin damage, and 

between stocking density and skin damage was significant. Density and lairage time were 

also correlated (rs = 0.30; d.f. = 40; P < 0.05), and a partial correlation was 
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determined to form an impression of the relationship, after correction for stocking 

density, between lairage time and skin damage, and after correction for lairage time, 

between density and skin damage. Lairage time correlated significantly with skin damage 

in all parts of the body, whilst density correlated significantly with skin damage in the 

middle and hind regions (Table 3). 

Table 3. Spearman rank correlation coefficients (rs) between (1) lairage time and skin damage and 
(2) density and skin damage in 5 Dutch slaughterhouses (d.f. =40). Correlations are based on group 
means 

Variable 

Lairage time 

Density 

Front region 

0.39" 

0.05 

Skin damage 

Middle region 

0 .41" 

0 .43" 

Hind region 

0.38" 

0.39" 

" Significant at P < 0.01. 

Analyses reported sofar were performed on group means. Spearman correlations, 

pooled per slaughterhouse A, B, and C, as well as pooled over those slaughterhouses, 

were calculated between total duration of received aggression and skin damage to form 

an impression of their relationship within groups. Skin damage in the front region 

correlated significantly with total duration of received aggression for slaughterhouse B, 

and for slaughterhouses A, B, and C together (Table 4 and Fig. 4). 

Table 4. Spearman rank correlation coefficients (r^ between duration of received aggression and 
skin damage in 3 Dutch slaughterhouses. Correlations are calculated for 5 groups within each 
slaughterhouse and averaged per slaughterhouse and averaged over slaughterhouses 

Variable 

Received aggression 

Received aggression 

Received aggression 

Received aggression 

Abattoir 

A 

B 

C 

All 

Front region 

0.15 

0 .35" 

0.16 

0.22" 

Skin 

Middle 

0.10 

0.12 

0.01 

0.08 

damage 

region Hind region 

0.05 

0.09 

-0.01 

0.04 

Significant at P<0.01. 
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Fig. 4. Skin damage score for the front region in relation to total duration of received aggression 

in five groups in slaughterhouse B. Pooled correlation was moderate but significant. 

Belgian slaughterhouses (F - I) 

Slaughterhouse husbandry practice. Most transport-workers used electric goads to 
unload pigs from lorries. Electric goads and brooms were used to move pigs in lairage. 
Mean group size in a holding pen was 43 ± 5 pigs, with a rninimum group size of 26 
and a maximum group size of 90 pigs. Stocking density varied from 1.2 to 3.1 pigs/m2. 
Lairage time varied with supply. Mean lairage time was about 1.5 h. 

Behaviour. Few agonistic encounters were observed during lairage. Most pigs were 
crossbreds with Belgian Landrace and Pietrain, known to be relatively vulnerable to 
transport stress. Transport-workers confirmed that all groups of pigs (except two groups 
in slaughterhouse G, one directly-observed and one video-observed group) were injected 
before transport with azaperone, a tranquillizer. As sedation with azaperone lasts for 
about six h and transport generally lasted about 1 h, pigs were still drugged during 
lairage and showed low levels of aggression compared to non-sedated pigs (Fig. 5). In 
general, aggression was lowest in the first 10 min after introduction in the holding pen. 
In the video-recorded group in slaughterhouse G that was not sedated, aggression 
performed by individuals correlated positively with aggression received (frequency: rs = 
0.71; d.f. = 28; P < 0.001; duration: rs = 0.64; d.f. = 28; P < 0.001). 
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Pigs quietly lay or stood during lairage time. Mean percentage of pigs resting 
(sitting or lying) in tranquillized groups was 32% after 1 h and 45% after 1.5 h, slightly 
higher than mean percentages in the Dutch slaughterhouses (Fig. 3). 

Skin damage. F-tests for differences between slaughterhouses were not significant 
for any of the skin damage variables. Mean skin damage score for the front region was 
2.1 ± 0.3, for the middle region 2.1 ± 0.2 and for the hind region 1.4 ± 0.2. Skin 
damage in the hind region was significantly lower in the Belgian slaughterhouses than in 
the Dutch slaughterhouses (P < 0.01). 

Lairage time was included as a covariable in the model. The corresponding 
coefficient was not significantly different from zero for skin damage in front, middle and 

hind region, so there was no significant association between lairage time and skin 
damage. Without slaughterhouses in the model, percentages explained were 3.9% for the 
front region and negligible for the middle and hind region, and 37.4%, negligible and 
32.1 % respectively with slaughterhouses included. With stocking density as a covariable, 
coefficients were not significantly different from zero either. Percentages for all regions 
were negligible without slaughterhouses in the model, and were 37.2%, negligible and 
2.4% with slaughterhouses included. Density and lairage time did not correlate with skin 
damage to any degree. 
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Fig. 5. Total duration of agonistic interactions in individual groups in 10-min bouts during lairage 
time in four Belgian slaughterhouses. Group 2 in slaughterhouse G was the only group not 
tranquillized. Group 1 in slaughterhouse F was slaughtered after the fourth period. 


