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Introduction

Animal stress and welfare

Throughout rearing and during the pre-slaughter period, animals may be confronted with stressinducing situations. Stress has often been described in terms of the state of the animal when it is incapable to adapt, behaviourally and physiologically, to environmental or physical challenges 1 [START_REF] Fraser | The term "stress" in a veterinary context[END_REF][START_REF] Broom | Applications of neurobiological studies to farm animal welfare[END_REF]. While it is important to understand the impact of physical challenges on the physiological and behavioural adaptive capacity of the animal, it is also important to take into account the emotions that animals may experience [START_REF] Dawkins | Animal suffering: the science of animal welfare[END_REF][START_REF] Duncan | Animal welfare defined in terms of feelings[END_REF][START_REF] Dantzer | Can farm animal welfare be understood without taking into account the issues of emotion and cognition?[END_REF][START_REF] Désiré | Emotions in farm animals: a new approach to animal welfare in applied ethology[END_REF]. Studies on the behaviour, physiology and anatomy of the brain have shown that animals are capable of experiencing negative and positive emotions [START_REF] Paul | Measuring emotional processes in animals: the utility of a cognitive approach[END_REF][START_REF] Boissy | Emotions and cognition: a new approach to animal welfare[END_REF]. For example, the limbic system, known for its involvement in emotions in humans, exists also in the brain of non-human mammals [START_REF] Ledoux | Emotion circuits in the brain[END_REF]. The limbic system is involved in many behavioural reactions to stressful situations in mammals [START_REF] Panksepp | Affective consciousness: Core emotional feelings in animals and humans: Neurobiology of Animal Consciousness[END_REF][START_REF] Damasio | Emotion in the perspective of an integrated nervous system[END_REF]). Thus, while environmental and physical challenges put a strain on the animal to adapt to the situation, they are likely to cause also negative emotions in the animal. The latter aspect is central in the context of animal welfare matters. In the present chapter, it is considered that a farm animal is stressed if it experiences negative emotions [START_REF] Terlouw | Stress reactions at slaughter and meat quality in pigs: genetic background and prior experience: A brief review of recent findings[END_REF]Veissier & Boissy 2007). To understand the impact of emotional stress on meat quality, the physical and physiological adaptive responses to challenges must be taken into account.

Stress at slaughter

The pre-slaughter period may be stressful for many reasons (Terlouw et al. 2008;[START_REF] Grandin | Recommended Animal Handling Guidelines and Audit Guide: a systematic appraoch to Animal Welfare[END_REF]. Before leaving for the abattoir, animals may be gathered on a loading platform or in a pen to facilitate subsequent loading. Food may be withheld to avoid travel sickness, for convenience or for financial reasons. Subsequent loading, unloading and transport conditions depend on the facilities on the farm and at the abattoir, and on the layout of the truck, the driving style and distance travelled [START_REF] Cockram | Effect of driver behaviour, driving events and road type on the stability and resting behaviour of sheep in transit[END_REF]). After unloading, animals may wait for several hours, often overnight, in the lairage area in the abattoir. At the final stages of the process, the animal will be driven to the stunning box or area, where it will be bled, usually after being rendered unconscious by a stunning procedure. All these different slaughter stages may be associated with stress for the 2 animals. The stressors may be distinguished in different categories. They may have a physical origin, such as food deprivation, fatigue or pain, although these forms of stress probably also have an emotional component [START_REF] Horswill | Weight loss, dietary carbohydrate modifications, and high intensity, physical performance[END_REF][START_REF] Danziger | Mise au point bases neurologiques de l'affect douloureux[END_REF]. Other stressors have an emotional origin, such as unfamiliarity, human presence and disturbance of the social group [START_REF] Terlouw | Stress at slaughter in cattle: role of reactivity profile and environmental factors[END_REF]. Sudden events may also be a cause of stress [START_REF] Grandin | Safe handling of large animals[END_REF]. Thus, during the slaughter process, animals are subjected to many potential stressors, simultaneously and successively, in a series of different environmental contexts.

Stress and meat quality

It has been long known that slaughter conditions may have a significant impact on meat quality.

The underlying mechanisms are well described [START_REF] Bendall | Post-mortem changes in muscle[END_REF][START_REF] Hambrecht | Preslaughter handling effects on pork quality and glycolytic potential in two muscles differing in fiber type composition[END_REF]): Following slaughter biochemical reactions continue, but as blood is no longer circulating, there is a ceassation of the supply of oxygen and nutrients. Consequently, glycogen locally stored in the muscle is catabolised anaerobically, and again due to the absence of blood circulation the products of the reactions, protons and lactate, accumulate in the muscle, causing the pH to decline. This decline is initially fast, then slows and stabilizes at a value called ultimate pH, reached approximately 24 h post mortem. The extent of pH decline depends strongly on muscular glycogen reserves before slaughter (see Chapter 4). Increased activity during the hours preceding slaughter reduces muscle glycogen reserves and may result in high ultimate pH which is the cause of Dark, Firm, Dry (DFD) meat (see Chapter 3). For example, earlier studies found that in bulls, aggressive behaviour caused an increase in the production of DFD meat [START_REF] Tarrant | Long distance transportation of steers to slaughter: effect of stocking density on physiology, behaviour and carcass quality[END_REF]. A higher ultimate pH (6.2 > ) is associated with increased meat tenderness and juiciness, but also with unpleasant texture, flavour and taste [START_REF] Dransfield | Eating Quality of DFD Beef. Proceedings EEC Seminar, The Problem of Dark Cutting Beef[END_REF]. Generally, at higher ultimate pH values, the meat is darker. Meat with relatively high ultimate pH (generally above 6.0) has some very negative characteristics, in addition to its dark colour it is generally difficult to keep due to facilitated bacterial development.

While the magnitude of pH decline depends mainly on muscle glycogen reserves, the rate of pH decline depends on muscle metabolic activity immediately before slaughter [START_REF] Bendall | Post-mortem changes in muscle[END_REF][START_REF] Hambrecht | Preslaughter handling effects on pork quality and glycolytic potential in two muscles differing in fiber type composition[END_REF]. If metabolic activity is high before slaughter, this will continue after death of the animal. For example, treadmill exercise immediately before slaughter resulted in a faster pH decline, causing the production of Pale, Soft, Exudative (PSE) meat [START_REF] Rosenvold | Factors of significance for pork quality --a review[END_REF]. A fast early post-mortem pH decline causes the denaturation of muscle proteins, due to the association of low pH and relatively high muscle temperature [START_REF] Scheffler | Mechanisms controlling pork quality development: The biochemistry controlling postmortem energy metabolism: 53rd International Congress of Meat Science and Technology (53rd ICoMST)[END_REF]. The effects of the latter variables on the rate and extent of protein denaturation, oxidation and proteolysis, lipid oxidation, colour characteristics, water holding capacity and sensory aspects of meat are well known [START_REF] Rosenvold | Factors of significance for pork quality --a review[END_REF][START_REF] Huff-Lonergan | Correlations among selected pork quality traits[END_REF][START_REF] Moeller | Trained sensory perception of pork eating quality as affected by fresh and cooked pork quality attributes and end-point cooked temperature[END_REF]also Chapter 4). Increased metabolic activity just before slaughter is particularly noticeable in pigs and fowl, because these species have high proportions of glycolytic fibres in their muscles.

Although the above phenomena, increased ultimate pH or increased rate of pH decline, involve the status of muscle energy reserves and energy metabolism, they are also strongly linked to the stress status of the animal. Emotional stress often increases the activity of the sympathetic nervous system, resulting in an increase heart rate and the secretion of catecholamines (adrenaline and noradrenaline) in the blood. This increased sympathetic activity allows the animal to physically react to the stress-inducing stimulus, for example to flee or to fight. Of specific interest in the present context is that catecholamines stimulate glycogen breakdown, particularly in exercising muscle, which is generally the case during slaughter (Fernandez et al. 1994a;[START_REF] Febbraio | Effect of epinephrine in trained men[END_REF].

Exercise further increases muscle temperature [START_REF] Henckel | Control of post mortem pH decrease in pig muscles: experimental design and testing of animal models[END_REF][START_REF] Rosenvold | Factors of significance for pork quality --a review[END_REF], which in turn enhances muscle glycogenolysis rate [START_REF] Febbraio | Blunting the rise in body temperature reduces muscle glycogenolysis during exercise in humans[END_REF][START_REF] Starkie | Effect of temperature on muscle metabolism during submaximal exercise in humans[END_REF]).

In the post-mortem muscle also, pH decline is faster at higher temperatures [START_REF] Monin | Réaction a l'électronarcose et glycogénolyse post mortem chez le porc[END_REF]Astruc et 5 al. 2002). In addition, the more the animal is stressed, the more difficult it is to handle, leading to further physical activity and emotional stress, while fear reactions of the animals increases risks in terms of security for both operators and animals [START_REF] Terlouw | Stress en élevage et à l'abattage : impacts sur les qualités des 26 viandes[END_REF][START_REF] Grandin | Recommended Animal Handling Guidelines and Audit Guide: a systematic appraoch to Animal Welfare[END_REF].

The association of increased activity and hormonal changes due to stress during the preslaughter period may thus stimulate glycogen breakdown. This may lead to low muscle glycogen reserves and increase the risk of the production of meat with increased ultimate pH or, if it occurs just before slaughter, to an enhanced rate of metabolism and thus to a faster early post-mortem pH and slower temperature decline [START_REF] Ferguson | Have we underestimated the impact of pre-slaughter stress on meat quality in ruminants[END_REF]. Stress may further influence the tenderness of the meat. While the relationship between pH decline and meat tenderness is well established for the meat of pigs and fowl, in cattle, the relationship between pH decline and tenderness is less straightforward [START_REF] Hwang | The interaction between pH and temperature decline early postmortem on the calpain system and objective tenderness in electrically stimulated beef longissimus dorsi muscle[END_REF][START_REF] Boudjellal | Is the pH drop profile curvilinear and either monophasic or polyphasic? Consequences on the ultimate bovine meat texture[END_REF]. Despite the absence of a clear, linear relationship between pH decline and tenderness, several studies indicate that stress before slaughter may influence tenderness of beef. In one study, cows were slaughtered using two standardised procedures, one designed to either avoid stress as much as possible, the other to induce a certain amount of physical effort and emotional stress. The cows slaughtered with the latter, additional stress procedure, produced significantly tougher Longissimus meat than cows with the minimal stress procedure. These effects were not directly related to rate or amplitude of pH decline [START_REF] Bourguet | Characterising the emotional reactivity of cows to understand and predict their stress reactions to the slaughter procedure[END_REF][START_REF] Terlouw | Stress en élevage et à l'abattage : impacts sur les qualités des 26 viandes[END_REF]. [START_REF] Warner | Acute stress induced by the preslaughter use of electric prodders causes tougher beef meat[END_REF] found that the use of electric prodders on cattle was associated with lower sensory ratings, including tenderness, by consumers. [START_REF] Gruber | Relationships of behavioral and physiological symptoms of preslaughter stress to beef longissimus muscle 21 tenderness[END_REF] showed a relationship between elevated blood lactate concentration at bleeding and reduced beef tenderness also suggesting that acute stress just before slaughter can negatively influence tenderness.

In conclusion, even moderate stress during slaughter may influence post-mortem pH and 5 temperature decline and sensory qualities of meat, including beef tenderness. As indicated above, the stress status of an animal is related to its emotional state. Hence, the animal's stress status depends on the way the animal evaluates its environment. Following is a discussion of, how we can try to understand more precisely the causes of stress at slaughter.

6.2.

Predisposition for high or low stress reactivity

Stress reactivity and genetic background

The effects of the presence of the allele "halothane sensitivity" on stress reactions have been extensively described (see Chapter 10). This allele influences essentially the cellular response to stress, but not the way animals evaluate their environment [START_REF] Terlouw | Prédominance de l'allèle de sensibilité à l'halothane[END_REF]. Different breeds or lines, non carriers of the halothane gene, may vary in the way they react, behaviourally and physiologically, to various challenges. This is illustrated by a study comparing Duroc and Large

White pigs [START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF]. Each pig was submitted to two tests, i) exposure to an unfamiliar object and ii) human exposure. Durocs touched the person significantly more often than Large Whites. As Durocs were more active during this test than Large White pigs, they had also higher heart rates. This breed difference was specific for the motivation to touch man, because no differences were found in the unfamiliar object test. The results show that the two breeds evaluated the presence of a person differently.

Similar results have been found in cattle. For example, beef cattle had a greater flight distance when they were approached by a human than dairy cattle reared under the same conditions [START_REF] Murphey | Responses of cattle to humans in open spaces: Breed comparisons and approach-avoidance relationships[END_REF]). Significant differences in reactivity to handling and other challenges were also observed between different beef cattle breeds [START_REF] Fordyce | Cattle temperaments in extensive beef herds in Northern Queensland 2. Effect of temperament on carcass and meat quality[END_REF][START_REF] Voisinet | Bos Indicus-cross feedlot cattle with excitable temperaments have tougher meat and a higher incidence of borderline 27 dark cutters[END_REF][START_REF] Gauly | Estimating genetic variability in temperamental traits in German Angus and Simmental cattle[END_REF]. When young Angus, Blond d'Aquitaine and Limousin bulls were compared in a human exposure test and a surprise test (sudden opening of an umbrella; Photo 1), the breeds differed in more than ten behaviours during the stress reactivity tests. Blond d'Aquitaine bulls were more 6 reactive than Angus, while Limousins had mostly intermediate levels. For example, Blond d'Aquitaine bulls showed more escape attempts and startle responses in the surprise test, and more vigilance in the presence of the immobile human, than Angus bulls [START_REF] Bourguet | Young Blond d'Aquitaine, Angus and Limousin bulls differ in emotional reactivity during tests: relationships with animal traits, stress reactions at slaughter and post-mortem muscle metabolism[END_REF]. This is consistent with results from a study in an abattoir, where Blond d'Aquitaine bulls were more reactive than Charolais bulls [START_REF] Bourguet | Behavioural and physiological reactions of cattle in a commercial abattoir: Relationships with organisational aspects of the abattoir and animal characteristics[END_REF]).

Studies on other species have also shown a genetic basis for stress reactivity. For example, divergent lines of Leghorn chickens selected for high and low feather pecking differed also in reactivity to restraint in terms of increase in cortisol (Kjaer and Guéméné 2009). Similarly trout of different selection lines showed different reactivity to manual restraint, as measured by cortisol [START_REF] Lefèvre | Sélection génétique sur la réponse au stress et stress à l'abattage: Conséquences sur la qualité de la chair chez la truite arc-en-ciel[END_REF].

When comparing physiological stress status between different cattle breeds at slaughter several studies found different urinary catecholamines and cortisol levels, at least when expressed with respect to urinary creatinine levels [START_REF] Ndlovu | A comparison of stress hormone concentrations at slaughter in Nguni, Bonsmara and Angus steers[END_REF][START_REF] Muchenje | Relationship between pre-slaughter stress responsiveness and beef quality in three cattle breeds[END_REF][START_REF] O'neill | Urinary catecholamine concentrations in three beef breeds at slaughter[END_REF][START_REF] Bourguet | Young Blond d'Aquitaine, Angus and Limousin bulls differ in emotional reactivity during tests: relationships with animal traits, stress reactions at slaughter and post-mortem muscle metabolism[END_REF]). These higher levels of catecholamine levels were associated with darker meat [START_REF] Muchenje | Relationship between pre-slaughter stress responsiveness and beef quality in three cattle breeds[END_REF]). Chickens of a French-label line showed increased behavioural reactivity, in terms of wing flapping on the shackle line, than a fast growing standard line and these increased levels of wing flapping were was associated with a faster rate of pH decline [START_REF] Debut | Variation of chicken technological meat quality in relation to genotype and preslaughter stress conditions[END_REF].

Increased behavioural and increased physiological reactivity are not always associated. For example, at slaughter, young bulls appeared more behaviourally reactive while heifers had higher cortisol levels [START_REF] Bourguet | Behavioural and physiological reactions of cattle in a commercial abattoir: Relationships with organisational aspects of the abattoir and animal characteristics[END_REF][START_REF] Probst | Relationship between stress-related exsanguination blood variables, vocalisation, and stressors imposed on cattle between lairage and stunning box under conventional abattoir conditions[END_REF].

Not all studies show breed-related differences in stress status at slaughter. For example, the Duroc and Large White pigs which have been shown to have different stress reactivity during rearing did not differ in their physiological stress responses at slaughter carried out shortly after the 7 reactivity tests [START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF]. Similarly, different goat breeds showed similar increases in stress status at slaughter (Ergul Ekiz and Yalcintan 2013).

Stress reactivity and prior experience

The way animals react to stressful situations depends also on prior experience. Several studies showed that repeated positive handling increases willingness of pigs to be approached by or to approach a human and repeated negative handling decreases this willingness [START_REF] Tanida | Behavioral response to humans in individually handled weanling pigs[END_REF][START_REF] Gonyou | Effects of frequent interactions with humans on growing pigs[END_REF][START_REF] Hemsworth | Conditioned approach-avoidance responses to humans: The ability of pigs to associate feeding and aversive social experiences in the presence of humans with humans[END_REF][START_REF] Paterson | Growth, response to humans and corticosteroïds in male pigs housed individually and subjected to pleasant, unpleasant or minimal handling during rearing[END_REF]Terlouw and Porcher 2005).

The effect of prior experience may be rather long-lasting as shown by an experiment with cattle.

Calves were reared during the first 3 months of life outdoors with little human contact or indoors with frequent human contact. After 4 months, calves were reared together. At 8 months of age, indoor reared calves were easier to handle and less aggressive towards humans [START_REF] Boivin | Influence of Breed and Rearing Management on Cattle Reactions during Human Handling[END_REF].

Positive experiences during rearing may reduce reactivity, including at slaughter. Pigs reared in an enriched environment, with larger pens and straw bedding, were less active than controls and showed, in contrast to controls, no cortisol response to transport (De [START_REF] Jong | Effects of rearing conditions on behavioural and physiological responses of pigs to preslaughter handling and mixing at transport[END_REF]. They were also less active during lairage. Pigs reared outdoors or in enriched environments were less active and had lower heart rates during unfamiliar object and isolation tests. At slaughter they fought less and had lower levels of physiological indicators of stress than pigs reared conventionally [START_REF] Olsson | Poor rearing conditions and social stress in pigs: repeated social challenge and the effect on behavioural and physiological responses to stressors[END_REF][START_REF] Klont | Relationships between behavioral and meat quality characteristics of pigs raised under barren and enriched housing conditions[END_REF][START_REF] Barton-Gade | Effect of rearing system and mixing at loading on transport and lairage behaviour and meat quality: comparison of outdoor and conventionally raised pigs[END_REF][START_REF] Terlouw | Effect of rearing and slaughter conditions on behaviour, physiology and meat quality of Large White and Duroc-sired pigs[END_REF][START_REF] Foury | Alternative rearing systems in pigs: consequences on stress indicators at slaughter and meat quality[END_REF]. It is believed that rearing at high density or under barren conditions may disturb the normal development of social behaviour or increase fearfulness, explaining the increased aggression during mixing [START_REF] Schouten | Rearing conditions affect behaviour in later life[END_REF][START_REF] Olsson | Poor rearing conditions and social stress in pigs: repeated social challenge and the effect on behavioural and physiological responses to stressors[END_REF][START_REF] O'connell | Influence of social status on the welfare of growing pigs housed in barren and enriched environments[END_REF]). Other studies found in contrast that pigs reared under standard intensive conditions were easier to load, but showed a stronger increase in salivary cortisol during transport and lairage than pigs reared in larger pens or in an enriched environment [START_REF] Geverink | Influence of housing conditions on responses of pigs to preslaugter treatment and meat quality[END_REF][START_REF] Jong | Effects of rearing conditions on behavioural and physiological responses of pigs to preslaughter handling and mixing at transport[END_REF][START_REF] Klont | Relationships between behavioral and meat quality characteristics of pigs raised under barren and enriched housing conditions[END_REF]Chaloupkova et al. 9 2007).

Work on cattle found similar results. Several studies showed that the rearing system and the type and frequency of contacts with the stockperson influence the fear reactions to various situations during the pre-slaughter period. For example, bulls bred by farmers believing that bulls are sensitive to aspects of their environment showed less cortisol increase at slaughter compared to farmers having a more distant attitude towards their animals [START_REF] Mounier | Variations in meat pH of beef bulls in relation to conditions of transfer to slaughter and previous history of the animals[END_REF]). However, these bulls were more difficult to load, possibly due to their greater familiarity with humans and thus they were less reactive to human approach and therefore, more difficult to drive forwards [START_REF] Mounier | Positive attitudes of farmers and pen-group conservation reduce adverse reactions of bulls during transfer for slaughter[END_REF]. Similarly, pigs less fearful of humans were more difficult to drive and these pigs received more negative interventions by abattoir personnel (Terlouw et al. 2005;[START_REF] Hemsworth | The effects of fear of humans and pre-slaughter handling on the meat quality of pigs[END_REF].

Keeping the animals in their rearing group during slaughter may, in contrast, facilitate the slaughter procedure because of the group cohesion. For example, bull calves kept in their social group during the pre-slaughter period had a smaller increase in cortisol levels in blood collected at bleeding [START_REF] Mounier | Variations in meat pH of beef bulls in relation to conditions of transfer to slaughter and previous history of the animals[END_REF]). This effect was even more pronounced when the animals had been together

throughout their rearing period [START_REF] Mounier | Variations in meat pH of beef bulls in relation to conditions of transfer to slaughter and previous history of the animals[END_REF].

Various studies have found that the rearing history of the animal may influence muscle glycogen breakdown during the pre-slaughter period. Repeated negative handling during rearing, by refusing physical contact with pigs, associated with the presence of the negative handler at slaughter, resulted in lower glycogen levels immediately before slaughter (Terlouw et al. 2005). Calves that had been in contact with humans during rearing had higher muscle glycogen content at slaughter (Lensink et al. 2000a). Pigs negatively handled on-farm had lower glycogen levels 5 and 40 min post-mortem [START_REF] D'souza | Effect of on-farm and preslaughter handling of pigs on meat quality[END_REF]. Effects may also be observed in terms of post-mortem muscle metabolism. Muscles from calves reared by farmers with a negative attitude presented a faster rate 9 of pH decline in the early post-mortem period [START_REF] Lensink | The influence of farmers' behavior on calves' reactions to transport and quality of veal meat[END_REF]). These observations suggest that negative experience with humans during rearing may enhance reactivity to the slaughter procedure, possibly due to increased fear of humans, resulting in increased muscle glycogen catabolism before and after slaughter. Another study shows that bulls that had not been mixed during finishing had a lower ultimate pH, probably because during transfer to slaughter, they were calmer and glycogen stores were not depleted [START_REF] Mounier | Variations in meat pH of beef bulls in relation to conditions of transfer to slaughter and previous history of the animals[END_REF]). The effects of prior experience may have consequences on meat quality aspects. Calves having received positive and frequent contacts from their breeder were easier to handle and had lower heart rates during loading and produced redder meat compared to calves not having received such contact (Lensink et al. 2000a(Lensink et al. , 2000b[START_REF] Lensink | The influence of farmers' behavior on calves' reactions to transport and quality of veal meat[END_REF].

Similarly, higher levels of fighting amongst pigs reared indoors were correlated with lower levels of glycogen content at slaughter, higher ultimate pH, and decreased water holding capacity, compared to outdoor pigs [START_REF] Terlouw | Effect of rearing and slaughter conditions on behaviour, physiology and meat quality of Large White and Duroc-sired pigs[END_REF]). Pigs reared under standard intensive conditions produced meat with lower water holding capacity and higher ultimate pH than pigs reared in an enriched environment [START_REF] Klont | Relationships between behavioral and meat quality characteristics of pigs raised under barren and enriched housing conditions[END_REF][START_REF] Foury | Alternative rearing systems in pigs: consequences on stress indicators at slaughter and meat quality[END_REF], although an absence of differences [START_REF] Geverink | Influence of housing conditions on responses of pigs to preslaugter treatment and meat quality[END_REF] or opposite results have also been reported [START_REF] Lambooij | Effects of housing conditions of slaughter pigs on some post mortem muscle metabolites and pork quality characteristics[END_REF]).

Overall, results show that prior experience may influence reactivity to humans and to other aspects of the slaughter procedures. The consequences in terms of stress and meat quality are variable. For example, animals with positive experiences with humans may be calmer and easier to drive and produce meat of better quality. However, lack of fear of humans may also lead to increased difficulties during driving and or handling. These variable results may be explained by differences in the pre-slaughter and slaughter context. For example, if a calm animal is transferred to a group of other calm animals and with a skilled operator, stress levels of this animal will probably be relatively low. A calm animal may in contrast be relatively more stressed if it is transferred by a less skilled operator or surrounded by excitable animals. 10

Predicting differences between individuals in meat quality

Differences in stress reactions at slaughter and in meat quality

Differences in stress reactivity exist not only between animals of different breeds or rearing systems, but also between individuals, even from the same breed or line, and rearing system. These individual differences in stress responses at slaughter may explain differences in rate or extent of pH decline between animals from a similar genetic and rearing background, slaughtered under similar conditions. For example, in various experiments on pigs, the amount of fighting and ultimate pH were positively correlated, explaining up to 67% of the variability (r 2 ) in ultimate pH of thigh muscles (Terlouw et al. 2005;[START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF][START_REF] Terlouw | Effect of rearing and slaughter conditions on behaviour, physiology and meat quality of Large White and Duroc-sired pigs[END_REF]). In practical terms, this means that where mixing results in fighting, ultimate pH, particularly of thigh muscles, will increase proportionally to the amount of fighting. The often strong effect of fighting on pH decline may be explained by the combination of physical effort and the physiological changes that fighting involves. The amount of fighting was correlated with the degree of carcass damage [START_REF] Terlouw | Effect of rearing and slaughter conditions on behaviour, physiology and meat quality of Large White and Duroc-sired pigs[END_REF]) and amount of fighting and carcass damage score were correlated with increases in plasma catecholamines (noradrenaline and adrenaline), cortisol, glucose, lactate and free fatty acids levels [START_REF] Warriss | The physiological responses to fighting in pigs and the consequences for meat quality[END_REF]Fernandez et al. 1994b). The increases in lactate and were at least partly due to the effects of catecholamines, as plasma glucose and lactate were positively correlated with plasma catecholamine levels (Fernandez et al. 1994b). Possibly, the pH of thigh muscles are more sensitive to the effects of fighting, because they are more involved in the physical effort fighting implies, but the pH decline and/or water holding capacity of other muscles, like the Longissimus, may also be affected [START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF][START_REF] Terlouw | Effect of rearing and slaughter conditions on behaviour, physiology and meat quality of Large White and Duroc-sired pigs[END_REF]).

An increased heart rate just before slaughter, or increased urinary levels of catecholamine were correlated with faster early post-mortem pH decline in pigs, cows and bulls, explaining up to 52% 11 in the variation in early pH between animals [START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF][START_REF] Bourguet | Characterising the emotional reactivity of cows to understand and predict their stress reactions to the slaughter procedure[END_REF]2014). High heart rate is generally associated with high catecholamine levels and fast ante -and post-mortem metabolism leading to faster pH decline. In another experiment, pigs presenting higher urinary levels of catecholamines had also higher ultimate pH [START_REF] Foury | Alternative rearing systems in pigs: consequences on stress indicators at slaughter and meat quality[END_REF]. In this experiment, increased urinary catecholamine levels were further positively correlated with skin damage, suggesting that pigs with high catecholamine levels had fought more. Thus, high physical activity during the pre-slaughter period associated with high catecholamine levels of these pigs led to a depletion of glycogen stores and increased ultimate pH [START_REF] Foury | Alternative rearing systems in pigs: consequences on stress indicators at slaughter and meat quality[END_REF]. Similar results were found for cattle. In an experiment, about 22,000 cattle were studied at a South African abattoir during the winter season. In this experiment the percentage of dark cutting beef (pH ≥ 5.8) increased exponentially with increased bruising scores. It was further shown that gender and feedlot where the animal was reared played also a role, as at similar bruising score, the percentage of dark cutting meat was lower for heifers and animals reared at feedlot A (Fig. 1; Viljoen 2011).

The differences in stress reactivity between individuals indicate that the animal's stress status depends on its evaluation of the situation differently in terms of the threat it represents for them. It is therefore important, when studying stress in animals, to take into account the animal's point of view, as will be demonstrated below.

Predictability of stress reactions at slaughter and resulting meat quality.

Generally, individuals show a certain consistency in their way to react to stress. Consistency in stress reactivity has been shown for different species and at different ages (pigs, cattle, laboratory animals, humans: [START_REF] Bohus | Neuroendocrine states and behavioral and physiological stress responses[END_REF][START_REF] Boissy | Assessment of individual differences in behavioural reactions of heifers exposed to various fear-eliciting situations[END_REF][START_REF] Hessing | Individual behavioral and physiological strategies in pigs[END_REF]. For example, gilts that, compared to their group members, leave relatively easily their home pen were easier to move through a corridor and were less reactive to humans or to restraint in a nose sling [START_REF] Lawrence | Individual differences in behavioural responses of pigs exposed to non-social and social challenges[END_REF]. Similarly, heifers that compared to their experimental counterparts were more reluctant 12 to explore an unfamiliar object, were also more reluctant to feed near a fear inducing stimulus and spent more time with their head upright in an unfamiliar environment [START_REF] Boissy | Assessment of individual differences in behavioural reactions of heifers exposed to various fear-eliciting situations[END_REF].

A similar study has shown consistent differences in stress reactivity in sheep [START_REF] Deiss | Can emotional 19 reactivity predict stress responses at slaughter in sheep?[END_REF]).

Given the consistency in stress reactivity of animals, various studies have attempted to predict stress reactions at slaughter on aspects of meat quality, based on individual differences in stress responses observed during rearing. One experiment found that in the early post-mortem period, the muscles of pigs that were more attracted by humans in a reactivity test during rearing, were cooler, had a higher pH and contained less lactate compared with pigs less attracted by humans. It suggests that the former pigs reacted less strongly to the slaughter procedure immediately before slaughter, or maybe more specifically less strongly to human presence during this period. Consequently, physical and metabolic muscle activity was lower, resulting in slower glycogen breakdown (higher pH) and lower muscle temperature [START_REF] Terlouw | Explaining and predicting differences in meat quality through stress reactions at slaughter: The case of Large White and Duroc pigs[END_REF]. Similarly, cows that, compared to other group members showed more fear responses to an unfamiliar environment in a reactivity test had warmer muscles and lower pH in the early post-mortem period. These cows had further, during slaughter, higher levels of noradrenaline in their urine, and higher heart rates, indicating that cows that are fearful of unfamiliarity were more stressed during the slaughter period, compared to their less fearful counterparts [START_REF] Bourguet | Characterising the emotional reactivity of cows to understand and predict their stress reactions to the slaughter procedure[END_REF]. In another experiment, the reactivity of young bulls of different beef breeds to the sudden opening of the umbrella was tested a few weeks before slaughter (Photo 1). Bulls of different beef breeds that showed higher heart rates immediately after opening the umbrella had lower pH 40 min post mortem, and thus a faster early post mortem pH decline, in the Longissimus muscle. This suggests that in these bulls, the presence of sudden events during the slaughter procedure contributed to the slaughter stress and that the latter has influenced post-mortem muscle metabolism [START_REF] Bourguet | Young Blond d'Aquitaine, Angus and Limousin bulls differ in emotional reactivity during tests: relationships with animal traits, stress reactions at slaughter and post-mortem muscle metabolism[END_REF]. Overall, results show that it is possible to 13 identify before slaughter those individuals that are likely to be more reactive to the slaughter process and that if this reactivity is not taken into account by adapting slaughter procedures, there may be consequences for the quality of their meats.

Differences in ultimate pH between individuals may also be explained by individual differences in the way animals react to the slaughter procedure. For example, even when reared in the same environment, pigs differ in their tendency to engage in aggressive interactions during mixing. It is possible to identify these pigs before slaughter. Pigs fighting more for food (Terlouw et al. 2005) and during dyadic encounters [START_REF] Erhard | Measuring aggressiveness in growing pigs in a resident-intruder situation[END_REF] in tests carried out during the rearing period fought more during mixing before slaughter. For reasons that remain to be elucidated, several studies found that pigs that explore more an unfamiliar object during a reactivity test are also more aggressive during mixing or in other circumstances [START_REF] Lawrence | Individual differences in behavioural responses of pigs exposed to non-social and social challenges[END_REF][START_REF] O'connell | Influence of social status on the welfare of growing pigs housed in barren and enriched environments[END_REF][START_REF] Olsson | Poor rearing conditions and social stress in pigs: repeated social challenge and the effect on behavioural and physiological responses to stressors[END_REF]. Lambs that were relatively reactive to social separation or to novelty showed also increased stress reactions at slaughter as indicated by higher pre-slaughter cortisol levels and ultimate pH compared to their less reactive counterparts [START_REF] Deiss | Can emotional 19 reactivity predict stress responses at slaughter in sheep?[END_REF].

Several studies in cattle found that reactivity to stress measured during rearing may also help predict future tenderness of the meat. Warner Bratzler shear force values were greater in steers with an excitable temperament when compared to calmer steers [START_REF] Voisinet | Bos Indicus-cross feedlot cattle with excitable temperaments have tougher meat and a higher incidence of borderline 27 dark cutters[END_REF][START_REF] King | Evaluation of the relationhip between animal temperament and stress responsiveness to M. Longissimus lumborum tenderness in feedlot cattle[END_REF]. Cows that were more reactive to human presence and social isolation produced tougher meat (Terlouw et al. 2014). In an experiment on calves, significant relationships were found between flight speed measured during rearing and meat quality aspects, including colour and tenderness, but these relationships showed inconsistencies across years [START_REF] Burrow | Relationships between temperament and carcass and meat quality attributes of tropical beef cattle[END_REF]. [START_REF] Fordyce | Cattle temperaments in extensive beef herds in Northern Queensland 2. Effect of temperament on carcass and meat quality[END_REF] rated 410 bulls and cows for their stress reactivity in two tests, both in the visible presence of humans.

One test scored the amount of movements of each animal when placed individually in a crush, the other, reactivity in terms of degree of movement when introduced with other animals in a small 14 circular yard. For each test, animals were categorised in one of 5 classes according to their score.

This study found that bulls and cows with higher crush or yard scores had on average, more bruises at slaughter (Fig. 2a) probably due to their greater reactivity to stress in general, or to humans, in particular. It was found that bruising and gender explained 77% of the variability between animals in mechanical measurements of tenderness (Warner Bratzler Peak Force: WBPF), averaged by category (Fig. 2b). The impact of gender was about 1.5 times stronger than the impact of bruising, as indicated by the standardised coefficients. Overall, the results indicate that more reactive cattle have a greater risk to have bruises and consequently, to produce less tender meat ..

Counteracting mechanisms can also be observed. In the experiment already mentioned above [START_REF] Bourguet | Characterising the emotional reactivity of cows to understand and predict their stress reactions to the slaughter procedure[END_REF]), cows slaughtered with additional stress produced significantly tougher meat than cows slaughtered with minimal stress [START_REF] Bourguet | Characterising the emotional reactivity of cows to understand and predict their stress reactions to the slaughter procedure[END_REF][START_REF] Terlouw | Stress en élevage et à l'abattage : impacts sur les qualités des 26 viandes[END_REF]). To start exploring the underlying biochemical mechanisms the expression of about 3000 genes in the Longissimus muscle sampled 40 minutes after slaughter was studied for each individual cow. In the group slaughtered with minimal stress, the amount of genes of which the expression was correlated with tenderness was not higher than expected by chance (i.e. 5%). In contrast, in the cows slaughtered with additional stress, the amount of transcripts correlated with tenderness was significantly higher than expected by chance [START_REF] Terlouw | Stress en élevage et à l'abattage : impacts sur les qualités des 26 viandes[END_REF]). An online Gene Ontology tool was used to determine the biological processes that were represented by the correlated genes.

Compared to the complete set of studied genes, greater proportions of the transcripts correlated with tenderness were related to the generation of precursor metabolites and energy: respiratory chain activity, oxidative phosphorylation and citric acid cycle processes (Fig. 3). All correlations were positive. These data indicate that several, apparently counteracting mechanisms underlie tenderness: stress reduces tenderness, but the negative effects of stress on tenderness were limited in cows 15 showing a relatively high expression of genes involved in oxidative metabolic activity (Terlouw et al. 2014). In coherence with this, other recent studies show that the relationships between biomarkers and tenderness may be reversed, depending on the metabolic and contractile properties of the muscle and on the stress level [START_REF] Picard | Inverse relationships between biomarkers and beef tenderness according to contractile and 25 metabolic properties of the muscle[END_REF][START_REF] Terlouw | Stress en élevage et à l'abattage : impacts sur les qualités des 26 viandes[END_REF]). These counteracting or opposite effects may explain the difficulties that scientists have encountered to find stable and universal protein markers of the propensity of cattle to produce tender meat [START_REF] Koohmaraie | Biochemical factors regulating the toughening and tenderization processes of meat: Meat for the Consumer 42nd International Congress of Meat Science and Technology[END_REF][START_REF] Guillemin | Different phenotypic and proteomic markers explain variability of beef tenderness across muscles[END_REF][START_REF] Picard | Inverse relationships between biomarkers and beef tenderness according to contractile and 25 metabolic properties of the muscle[END_REF].

Overall, results indicate that animals differ consistently in their stress reactivity, that is, animals differ consistently in the way they evaluate the situation in terms of the threat it represents for them.

This stress reactivity depends to a great extent on their genetic background and their prior experiences. The determination of the animal's stress reactivity may help predict the quality of the meat it may produce. The findings show that relatively low stress reactivity may be a predictor of the likelihood that an animal will produce meat of good quality. However, as earlier indicated, very unreactive animals may present difficulties during handling.

Conclusions

In conclusion, during the slaughter period, animals are subjected to many potential stressors, simultaneously and successively, in different environmental contexts. These stressors may be of physical or emotional origin. They cause negative emotional responses, and are therefore an ethical issue. The emotional response underlies physiological responses, including the release of certain hormones and incites the animal to respond behaviourally, leading to increased physical effort. The more the animal is stressed, the more difficult it is to handle, leading to further physical activity and emotional stress. Stress reactivity at slaughter can be predicted based on stress reactions in specifically designed tests carried out during rearing. Prior experience and genetic background have a significant impact on stress reactivity, including at slaughter. 17

The combined effects of physiological changes due to emotional stress and metabolic changes due to physical effort may lead to changes in meat quality. These reactions to stressful aspects of the slaughter procedures may result in relatively low muscle glycogen reserves at the moment of slaughter, which may cause relatively high ultimate pH. They may also lead to an acceleration of muscle metabolism at the moment of slaughter, which continues after death and may lead to a faster post mortem pH decline. Increased stress at slaughter may also be associated with alterations in sensory quality, including a reduction of tenderness, in cattle and other species. In the case of beef, this does not appear directly related to the kinetics of the pH decline. The biochemical mechanisms underlying the effects of stress on tenderness seem complex, and partly mutually counteracting.

Finally, selecting animal for very low stress reactivity will not be beneficial. Animals that are very unreactive may be difficult to drive, which is unwanted, both for animal welfare reasons, and economical reasons. Overall, results indicate that adapting abattoir procedures must take into account the animal's point of view which will beneficial for animal welfare questions and meat quality, but also security matters of stock workers and animals.
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