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Much of the pertinent biochemistry and physiology of the Porcine 

Stress Syndrome has been defined but a number of key problems have yet 

to be solved. For example, we do not know why individuals differ in 

their threshold of sensitivity to stressors, exactly how muscle 

acti vi ty is triggered under these circumstances and why some animals 

may quickly recover fran such stinruli and others may not. Neither is 

it completly clear how sensitivity to stressors and body composition 

are linked. There is, however, good evidence that the syrrpathetic 

nervous system and the catecholamines of the adrenal R'edulla are 

essential elements in all of this. 
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INI'RODUCTION 

The Porcine Stress Syndrome (PSS) has been an important focus in 

research on pigs and pigmeat for at least 20 years. The research has 

taken on many guises to include topics as different as genetic 

polym::>rphisms, animal behaviour, mitochondrial function and the 

classical approaches of stress physiology. What began as enquiries 

into the nature of aberrations in meat quality, quickly recognised in 

the aetiology of the problem the important contribution of genetic 

type and the ways in which animals were handled, and drew in expertise 

from animal and meat science. The pig was recognised as a model for 

certain comparable conditions in man and opened the field for 

contributions from human medicine. It is fair to say, however, that 

many of the early prognostications of researchers, especially in 

regard to associations between the leanness of carcases and the 

quality of meat, fell on deaf ears and only relatively recently have 

the pig and meat industries begun to ask whether the search for ever 

leaner carcases should not be tempered to preserve the vigour of the 

live animal and the quality of its meat. 

There have been many reviews of PSS in terms of the associated 

physiology and biochemistry (Briskey, 1964 ~ Cassens et a1., 1975 ~ 

Lister et a1., 1981) and little will be served by rehearsing them. 

Instead I shall attempt to identify the physiological and biochemical 

issues behind the following questions and raise more questions which 

require further research. 

1. What is PSS? 

2. How can PSS be described in objective terms? 

3. How is meat quality affected? 

4. What makes some pigs stress prone? 

WHAT IS PSS? 

All animals (and men) will react characteristically to physical, 

mental and environmental stressors and, if those stressors are 

particularly severe, individuals may die. Within species, stress 

prone lines have been identified and perpetuated by breeding. It may 

be considered that PSS represents the perpetuation of such proneness 

ruoongst pigs which have been selected and bred primarily for, for 

example, rapidity and efficiency of growth, or body composition 
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and conformation, but which also contain undesirable characteristics 

which may be called 'stress proneness'. 

Typically Pietrain, Poland China and strains of Landrace pigs 

have been noted for their dramatic and often fatal reactions to such 

stimuli as transportation, raised environmental temperature and 

physical exercise, restraint or general handling (Topel et al., 1968). 

This porcine stress syndrome is characterised by muscle treroc>r, an 

increased respiratory rate, a systemic acidosis and a rise in body 

temperature. After the animal dies, or if it is slaughtered in the 

reacting state, rigor roc>rtis develops alroc>st immediately to give rise 

to the characteristic pale, soft and exudative (PSE) condition of the 

meat. Fatal responses to environmental stress are to be found aIrongst 

several species of animals. Capture myopathy is a condition which 

develops in wild animals such as antelopes and buffaloes being pursued 

and captured for whatever reason and many will die (Harthoom et al., 

1974). Clinical symptoms and post roc>rtem findings are similar to 

those of PSS. 

Malignant Hyperthermia (MH) which develops in certain pigs (and 

people) when they are exposed especially to the halogenated gaseous 

anaesthetics, but also spontaneously during stressful encounters, is 

another reaction which has been incorporated into the general 

condition referred to as PSS (Nelson et al., 1974; Lucke et al., 

1979). MH has been particularly important in defining the 

physiological and biochemical events in PSS for it is possible to 

precipitate MH under laboratory conditions and thereby allow detailed 

roc>nitoring of blood and tissues throughout the reaction. 

HOW CAN PSS BE DESCRIBED IN OBJECTIVE TERMS? 

The first steps towards characterising PSS were made in the late 

1960s when attempts were made to identify the metabolic events in 

muscle or roc>re generally associated with the exposure of animals to 

various and extreme environmental conditions (Kastenschmidt et al., 

1965; Forrest et al., 1968; Kallweit, 1969). In some studies (Judge 

1969) a period of exercise was included in addition to thermal stress. 

Results from these experiments paved the way for the roc>re 

sophisticated approaches of later studies which for the roc>st part only 

confirmed the earlier findings. Temperature stress, it seems, is 

likely to lead to respiratory alkalosis which becomes a metabolic 

acidosis if exercise is included as a treatment. 
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The extent of the reaction to these stressors, and particularly 

the ability of animals to maintain or recover homeostasis, was used to 

identify so-called stress-susceptibility or -resistance anongst the 

experiroontal pigs. This terminology has become comm::mplace in the 

literature but generally refers to breeds e.g. Poland China, stress

susceptiblej Chester White, stress-resistant. In recent tiroos this 

nomenclature has been refined with the introduction of the terms 

Halothane-positive or -negative which may be used to describe animals 

within as well as between breeds. 

It is generally accepted that the pattern of metabolic, 

physiological and biochemical developments in MH is very similar to, 

if not the same as, that which occurs as a response to environmental 

stress. The MH reaction has been extensively characterised in the 

literature (Berman et al.,1970j Hall et al.,1980j Gronert,1980) and 

only a short description is necessary here. 

Essentially, the characteristic signs of MH (and stressor induced 

reactions generally) are increased oxygen consumption and carbon 

dioxide production. The developing respiratory and metabolic acidoses 

are associated with high plasma lactate levels and falling pH. 

Glucose and fat mobilisation (as identified by plasma glycerol 

concentration) occur, though plasma free fatty acids may fall. There 

are substantial electrolyte changes and some haemoconcentration. 

Contrary to the early views, rruscle stirrulation which is the 

primary source of heat production in MH (Hall et al., 1976) is fuelled 

almost if not wholly via aerobic metabolism and it is only in the 

later stages that this contribution declines to less than 50 per cent. 

Another early view was that cardio Il¥opathy contributed to the 

demise of stress-prone pigs. There is, however, no functional 

evidence for this for the hearts of pigs suffering MH appear to 

respond adequately to metabolic demand even when there is substantial 

acidosis and hyperkalaemia. Only in the later stages does cardio

vascular function become limiting. At this tiroo cyanosis of the skin, 

resulting fram peripheral vasoconstriction, is associated with reduced 

heat loss, reduction in substrate provision and lactate clearance from 

tissues and as the biochemical changes reach extreme values, blood 

pressure falls and cardiac arrest occurs. 

All these changes are familiar findings in the terminal stages of 

the Porcine Stress Syndrome. 



7 

HCM IS MEAT QUALITY AFFECTED? 

The consequences of PSS post oortem can be either the accelerat

ion of the nomal biochemical changes which occur during the rigor 

process or their curtailment, leading in the first instance to pale, 

soft and exudative (PSE) meat and, in the second, to dark, firm and 

dry (DFD) meat. 

In the living animal, metabolism is sustained through adenosine 

triphosphate (ATP) production, predominantly via aerobic means, using 

glucose and fatty acids as substrates. At times, demand is such that 

aerobiosis is insufficient to meet metabolic needs for ATP. This 

occurs in the classical fight/flight reactions when anaerobic 

glycolysis provides for an increasing proportion of energy needs. 

Though this process is only approximately 5% as efficient in the 

production of ATP as aerobic processes, it is nevertheless an 

important source of energy for I emergency I needs and the sole 

mechanism employed in the transition of living IlD.lscle to dead meat. 

The two systems in muscle cells which control these changes are the 

glycolytic system which converts glycogen to lactate and those 

processes which lead to the dephosphorylation of ATP. Acidification 

occurs as a consequence of glycolysis: rigor, as a result of the loss 

of ATP. The series of reactions which regulate all this is described 

by Bendall (1973). 

It is important to recognise this interdependence of glycolysis 

and the production of lactate and the enzymic processes in living 

muscle whose function is to synthesis ATP from adenosine diphosphate 

(ADP) and inorganic phosphate in anaerobic conditions. In I fast I 

muscles, the production of sufficient pyruvate for mitochondrial 

oxidation requires only a small fraction of the glycolytic enzymes 

present; the large excess of these enzymes exists for anaerobic 

circumstances. The freely reacting adenine oononucleotides exist 

alm::>st entirely as ATP and glycolysis can occur only as long as ADP is 

being produced by an ATPase system. Ultimately, therefore, the rate 

of glycolysis is determined by ATPase activity and not directly by the 

activities or amounts of glycolytic enzymes or hormones. 

In the ini tial stages of a surge in demand for ATP or in the post 

mortem period, phosphocreatine, which is present at high levels 

initially, provides for the re-conversion of ADP (produced by ATPase 

activity) to ATP. Glycolytic phosphorylation of ADP becomes increas-
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ingly ~rtant as the concentration of phosphocreatine falls. The 

first reactions of glycolysis produce enough substrate to remove ADP 

at the rate it is formed but there is no suggestion that the 

concentration of ADP is rate limiting. Control is achieved via feed

back on both phosphorylase and phosphofructokinase activity by the 

adenosine monophosphate (AMP) level which in turn is regulated by AMP 

deaminase. This enzyme is also primarily responsible for the 

simultaneous accumulation of inosine monophosphate (IMP) and depletion 

of AMP especially at pH<6.5. The action of myokinase restores the 

lost AMP via ADP which in turn is restored by ATPases and a consequent 

reduction in ATP concentration. 

Glycolysis stops and the ultimate pH is reached when there is no 

freely reacting adenine mononucleotide in the muscle. Glycolysis will 

also stop at an abnormally high pH (DFD meat) when all glycogen has 

been depleted from muscle. This implies inadequate stores of glycogen 

at death for normal rigor will continue to the usual ultimate pH (N5.5 

at which there may be 'residual' glycogen in muscle. In this case the 

exact determinant of ultimate pH Le. the point at which glycolysis 

stops is not clear. It seems likely however that AMP deaminase is 

primarily responsible since it represents the sole cause of loss of 

adenine nucleotides. 

From this it can be concluded that variations in the rate and 

extent of pH fall are attributable to the controls exercised before 

and after death by ATPases and AMP deaminase. The problems arise in 

identifying the physiological basis for these activities. 

The practical consequences of these biochemical changes are the 

PSE and DFD conditions of pigmeat. Rigor mortis takes place in pig 

muscle over a period of about 10 hours during which the pH has fallen 

fran about 7.3 to 5.5. On occasion this change may occur wi thin a few 

minutes of death and the meat develops the pale, soft and exudative 

characteristics. The classical explanation for this has been 

• thenroprotonic I stress (Scopes, 1964) which occurs when the pH of 

muscle falls below 6.0 and its temperature is >300 C. Under these 

conditions extensive denaturation of the soluble and structural 

proteins occurs which leads to a loss of their water binding abilities 

and the precipitated prot~ins interfere with the optical properties of 

the muscle to cause more incident light to be reflected and a paler 

appearance. 

Penny (1975) suggested that during normal rigor, drip came from 

the extracellular water compartment which became enlarged as the 
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et al.'s (1984) finding that rabbit l.dorsi fibres swelled to two to 

three times their usual diameter when inroorsed in hypertonic salt 

solutions and, like Offer & Trinick's (1983) observations, was 

explained by myofibrillar swelling. Wilding et ale (1984) also 

concluded that myofibrillar swelling was constrained by the endomysial 

sheaths around fibres. 

It is now proposed (see Offer, 1984) that drip formation during 

rigor mortis represents the redistribution of extra and intra

cellular water and the expulsion of part of the extracellular 

component out of the cut ends of meat close to the perimysium, 

probably as a result of internal pressure exerted by the connective 

tissue network and disruption of cell membranes (Currie & w)lfe, 

1983) • 

This explanation does not require there to be a change in the 

total water content of muscle prior to an animal's death. It is, 

however, quite possible, indeed likely, that quite sizeable changes 

occur in the fluid compartments in the body prior to death, especially 

if there are profound metabolic and physiological disturbances 

happening simultaneously (Guyton et al., 1975). Lister et ale (1985 -

in preparation) recently examined this proposition in halothane 

sensitive pigs of the Lacombe breed. 

During MH reactions precipitated by halothane and suxamethonium 

administration, the typical changes in muscle and rectal temperature 

occurred, the haematocrit rose and plasma volume fell. The pH of 

biopsy samples of muscle fell and amounts of expressible juice and the 

turbidity of extracts of muscle increased. Moreover, the water 

content of the muscle samples at death was higher in reacting pigs 

than in non-reacting control animals. Thus at least a proportion of 

the drip released by PSE muscle may well be attributable to the 

increase in intracellular fluid volume which accompanies the 

development of MH and, probably, PSS. 

DFD meat is the condition which affects meat which remains at 

pH>6.0 - 6.3 when there is insufficient glycogen available in muscle 

at death to allow the full development of acidification to occur. The 

premature depletion of muscle glycogen in stressed animals is not 

easily explained. It is not induced simply by fasting, exercise or a 

combination of the two; mixing groups of animals even for a short 

period may, however, bring it about. Tentative explanations may be 

found by examining the mechanisms which allow muscle LO function under 

a variety of phvsioloqical states. 
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The concentration of glucose in the blood of animals is 

maintained within fairly constant limits even though there might be 

fluctuations in the storage and nobilisation of nutrients which are 

associated with feeding and activity. Even under resting conditions, 

however, activity can only be maintained for relatively short periods 

if carbohydrates (derived from liver glycogen in the main) are the 

sole source of energy. For longer periods of acti vi ty, the long chain 

free fatty acids (FFA) nobilised fran adipose tissue are employed 

(Newsholme, 1980) which progressively, as activity intensifies, cause 

a reduction in glucose utilisation by muscle. The control over this 

balance is thought to be exercised by fatty acid oxidation and due in 

part to the inhibitory effect of citrate on the enzyme 

phosphofructokinase. A further increase in the workload will reduce 

the concentration ratio ATP/ADP and glycolysis is stimulated at the 

expense of stores of muscle glycogen. A continuing ability to 

mobilise fatty acids and the maintenance of aerobiosis is thus of the 

utmost importance for sustained activity. 

Hall et ale (1980) showed that in MH reactions, the continued use 
of free fatty acids for energy purposes can be prejudiced. Lipolysis 

is stimulated during MH under the influence of catecholamines, but 

plasma FFA concentrations may fall as a consequence of their re

esterification during the developing acidosis. Because the utilis

ation of FFA is determined by their concentration in plasma, the 

continued energy demand of the reaction must be met ultimately by 

muscle glycogen. 

Thus one might conclude that the loss of muscle glycogen and 

predisposi tion to Dm by stressed animals is a natural consequence of 

continued muscular stimulation when the supply of other energy 

substrates, notably FFA, is reduced. 

WHAT MAKES PIGS STRESS PRONE? 

It can be concluded from much of the above that many of the 

symptoms of PSS are the consequences of profound muscular stimulation. 

It may well be also that such stimulation not only provides the 
symptoms of PSS but also the ease with which this occurs, conditions 

whether pigs become stress susceptible or resistant. 

The rate of glycolysis in muscle, occurring either before death 

or during rigor nortis, is determined by ATPase dctivity and not 
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directly by the activities or amounts of glycolytic enzymes or 

hormones. Stress proneness, therefore, amounts to the ease with which 

IIllsc1e is stiIru1ated and how readily recovery can be established. 

There seems to be general agreement, though a dearth of evidence, 

that the ultimate triggering mechanism resides in nusc1e itself. 

However, no major rrorpho1ogica1 differences have been identified in 

muscle except evidence of myofibri11ar damage and regeneration (Muir, 

1970; Venable, 1973). Swat1and and Cassens (1972) described various 

abnormalities in the peripheral innervation of striated nusc1e though 

no functional abnormalities have been recognised. 

Defects in the ability of nusc1e components to handle ea++ have 
++ long been suspected but rarely demonstrated, though the role of ea 

in the stinu1ation of myofibrillar ATPases and phosphorylase kinase 

nust be of potential importance. The sarcoplasmic reticulum was 

thought to have impaired function though it is likely that this could 

be explained by experimental artefact (Greaser et a1., 1969) (though 

see Heffron - this volume). Halothane sensitive pigs appear to have 

higher sarcoplasmic ea++ levels than normal (Cheah & Cheah, 1984) and 

this has been linked with significantly higher activity of Ca ++ 

activated phospholipase ~(EC 3.1.1.4) (Cheah & Cheah, 1981). This in 

turn leads to the enhanced release of mitochondrial Ca++. More 

recently Cheah & Cheah (1984) suggested that the enhanced 

phospholipase ~ activity was due to the higher concentrations of 

endogenous calrrodu1in in sensitive pigs. 

Even via these postulated mechanisms, a means has yet to be 

identified of switching on the aberrant behaviour of IIllsc1e in MH or 

PSS. Monnede and Lentzer (this volume) propose that behavioural 

responses to stressful environmental factors in intensive pig 

husbandry are prime factors in the aetiology of PSS. It is certainly 

true that environmental stressors affect the incidence of PSS and PSE 

meat but anaesthesia or tranquillisation substantially rrodifies the 

incidence of PSE only arrongst those animals which are not genetically 

prone to the PSS condition (Briskey & Lister, 1969). \'hat matters 

then, is the inherent mechanism which sets the threshold of 

sensitivity in pigs to make them more or less liable to develop PSS. 

The role which the sympathetic nervous system and the adrenal 

gland play in stress responses generally (see Usdin, Kvetnansky and 

Kopin, 1976) and MH in particular (Hall, 1976) has been very well 
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documented • In MH, catecholarnines appear primarily to prarote the 

developing reaction via ct + 8 adrenergic responses, but pre-treatrrent 

with ~ adrenergic blockers or agonists can prevent or initiate a fatal 

MH response (Lister et al., 1976: Hall et al., 1977). The combination 

of effects Irediated by the main adrenoreceptors can account for the 

majority of the metabolic events seen in MH and PSS. 8 receptors, for 

example, are associated, inter alia, with increased liver glycogen

olysis and vasoconstriction, 81 receptors with heart rate and fat 

mobilisation, and 82 receptors with muscle glycogenolysis and vaso

dilation. 

The use of receptor specific drugs has allowed us to clarify the 

particular mechanisms of relevance within PSS and MH. ct blockade 

clearly prevents the development of MH in sensitive pigs whereas 8 

blockade with propranolol (Lister et al., 1976) or carazolol (S.Lens -

personal comnnmication) does not. The development of PSE meat can be 

impeded by ct blockade, though not substantially, and treatrrent with 

propranolol may also have a slight beneficial effect (Lister, 1974). 

Warriss & Lister (1982) have provided clear evidence, however, of the 

effectiveness of carazolol in reducing the incidence of PSE in stress

susceptible Pietrains. Carazolol, like propranolol, is described as a 

non-specific 8 blocker but Warriss & Lister's findings allow a clear 

distinction to be drawn between MH and aspects of PSS such as PSE 

meat. rhatever the specific mechanism is which triggers MH in the 

living pig,it is not the same as the trigger for the production of PSE 

meat' although that might represent a further part of the continuum of 

adrenergic reactions which constitute PSS. 

The contribution identified for the sympathetic nervous system in 

MH and PSS suggests mechanisms which link up with the other notable 

feature of the syndromes i.e. the leanness of susceptible individuals. 

Pietrain pigs are thought to develop their leanness through enhanced 

responsiveness to the fat mobilising effect of noradrenaline (Wbod 

et al., 1977). For such a mechanism to contribute to leanness in the 

growing animal, the adipose tissue of lean pigs would have to be 

exposed to levels of noradrenaline which were higher than those found 

in fatter types, or the appropriate adrenergic receptors present in 

greater concentrations. Gregory & Lister (1981), using a Valsalva-
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like manoeuvre and measurements of responses to intravenous tyramine, 

noradrenaline and phenylephrine in lean, stress sensitive (Pietrain) 

and fatter, stress resistant (Gloucester) pigs, were able to show that 

the sympathetic nervous system of Pietrains was more responsive than 

that in Gloucesters and that this was attributable to a higher 

pre-adrenoreceptor responsiveness in Pietrains. They further proposed 

that this led to the greater leanness, susceptibility to II\Yocardial 

failure and propensity to stress-induced metabolic acidosis of 

Pietrains. Further support for this proposal has recently been 

provided via the studies of B8cklen, Flad, Maller and von Faber (1985 

- in press) which showed that there were >30% more B adrenergic 

receptors in the muscle, hearts and fat tissues of Pietrains compared 

with Large White pigs which, they concluded, explained the differences 

of meat quality and carcase fatness between the two breeds. 

CONCWSION 

Although there are several elements missing from the chain which 

links growth, body type and stress susceptibility, we now have enough 

evidence to conclude that propensity for lean growth (more particulary 

reduction in fat) and predisposition to developing PSS are directly 

associated via the sympathetic nervous system and the adrenal medulla. 

The determinant of the setting of the threshold of sensitivity to 

stress ~ngst pigs has not been identified, neither has that which in 

muscle is ultimately responsible for the final stimulation of ATPase 

activity. We still also need to know why it is that some animals are 

able to recover from perturbations of their metabolism whereas in 

others, a cascade of metabolic insults brings about their demise. 
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The recent literature dealing with biochemical measurements of cal
cium release from both porcine and human skeletal muscle mitochondria and 
sarcoplasmic reticulum is reviewed. While calcium release under anaero
bic conditions is increased in porcine MH mitochondria, the phenomenon 
cannot be clearly related to the primary pathogenesis of the MH syndrome. 
It is shown that other factors might be responsible for the observed 
calcium release from mitochondria obtained from postmortem MH muscle. No 
major differences were detected in aerobic calcium release pathways or in 
calcium retention in human MH mitochondria. The calcium-induced calcium 
release mechanism of porcine and human MH sarcoplasmic reticulum appears 
to be abnormally sensitive to calcium but at concentrations which are 
about one hundred times greater than those considered to obtain physiolog
ically. Rather than indicating the site of the fundamental defect in MH, 
this finding may be indicative of a more widespread membrane lesion. It 
is emphasised that future studies should have greater regard for better 
experimental design and for more rigidly defined assay conditions. 

INTRODUCTION 

The true incidence of malignant hyperthermia (MH) in man is about 1: 

40000 of the unselected anaesthetised population (Ellis & Heffron, 1985). 

Whilst it is a rare syndrome, MH is of considerable social significance 

because it is autosomally dominantly inherited and may result in the 

death of an otherwise, apparently, healthy individual. Although halothane 

appears to be the most potent causative agent, it seems that all inhala

tional anaesthetics can trigger MH (Britt et al., 1980) with the probable 

exception of nitrous oxide (Gronert and Milde, 1981). Of the muscle 

relaxants only succinylcholine is definitely known to cause MH. A 

similar MH syndrome occurrs in many breeds of pig, most notably, the 

Poland China, Pietrain and Landrace breeds (Gronert, 1980). However, 

porcine MH is triggered by physical and psychological stressors in addi

tion to inhalational anaesthetics and succinylcholine. This is not so in 

man (Fletcher et al., 1981) though some reports have indicated that stress 

can induce awake episodes of MH in humans (Wingard, 1980; Gronert et al., 

1980). Numerous differences between the human and porcine MH syndromes 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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have been reported and are considered in some detail in the reviews by 

Gronert (1980) and Mitchell and Heffron (1982). In general, the differen

ces appear not to be of a fundamental nature, a view which has led to the 

acceptance of porcine MH as the model for the human one and which has 

justified the use of porcine tissue in fundamental investigations of the 

primary lesion in MH. This is a reasonable development but the differen

ces referred to above should be borne in mind when making interpretations 

of new findings particularly those of a biochemical or ultrastructural 

nature. 

So far, most experimental findings in human and porcine MH suggest 

that the regulation of the intracellular free ca2+ concentration in 

skeletal muscle is defective. Although this still remains a theory 

(Gronert, 1980; Heffron, 1984), very recent evidence reported by Lopez 

et al. (1985) shows that the "resting" free ca2+ in human MH muscle 

fibres is three times greater than in normal muscle fibres. This short 

review will therefore focus on recent studies in which dysfunction of two 

of the major organelles, the mitochondrion and sarcoplasmic reticulum (SR), 

involved in intracellular calcium homeostasis have been reported. While 

the plasma membrane is undoubtedly a regulator of intracellular calcium 

concentration, no calcium transport studies on this membrane from MH 

muscle have been published. Since 1980, several useful general reviews of 

the literature published on both human and porcine MH since its first 

clear description by Denborough and Lovell in 1960 have appeared (Gronert, 

1980; Hall et al., 1980; Mitchell and Heffron, 1980, 1982; Gallant and 

Aherne, 1983; Ellis and Heffron, 1985). Here I have tried to concentrate 

th 2+ 1 ' f k 1 1 l' f th b on e Ca re eas~ng systems 0 s e eta musc e ~n so ar as ey may e 

related to the fundamental cause of MH, an area which has not been 

specifically or critically reviewed before. 

INTRACELLULAR REGULATION OR IONIZED CALCIUM 

The ionized calcium concentration in skeletal muscle cells is 

regulated by one or more of the following systems: (1) the uptake and 
2+ 

release systems of the SR: (2) the Ca pump of the sarcolemma or plasma 
2+ 

membrane; and (3) the Ca uptake and release systems of the mitochondria 

( '1) hI' ib' f th ' 2+ t' see F~g. • T e re at~ve contr ut~on 0 e var~ous Ca transpor ~ng 

systems to cellular calcium homeostasis is probably in the order set out 

(Martonosi, 1983) though it may vary with muscle fibre type. 
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Fig. 1 ca2+ - transporting systems in the skeletal muscle fibre. 
They are located in the sarcolemma, sarcoplasmic reti2¥lum (SR) 
and mitochondrion. The physiological mecha~~sm of Ca release 
from SR is not known yet; mitochondrial Ca release is stimulat
ed by physiological concentrations of Na+ 

In skeletal muscle cells, the SR is undoubtedly the primary system 
2+ 

which releases and sequesters Ca during excitation-contraction coupling 
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and relaxation (see Martonosi, 1983, 1984 for exhaustive reviews). On the 
2+ other hand, the relative importance of the sarcolemmal Ca pump in 

controlling the intracellular ionized Ca has only been studied in very 

recent times principally because of earlier methodological difficulties in 

obtaining pure sarcolemmal membranes or vesicular preparations. From the 

time that mitochondria were first shown to accumulate ca2+ in an energy

dependent manner, their role in controlling the intracellular ionized 

calcium has been intensely debated (Denton and McCormack, 1980; 
2+ Martonosi, 1983). Because mitochondria have a relatively large Ca 

storage capacity and a relatively low ca2+ affinity, it has been convenient 

to suggest that mitochondria may provide a last line of defence against 

th . ff f . d l' 2+ . (f e acute tox~c e ects 0 ~ncrease sarcop asm~c Ca concentrat~on or 

example, Martonosi, 1983, 1984). This view completely ignores the very 

strong evidence which indicates that the primary role of the mitochondrial 

calcium transporting systems is to control the concentration of ca2+ in 
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the matrix (Denton and McCormack. 1985). This is essential for rate 

control of the citric acid cycle oxidation of cellular fuels since the 

two principal regulatory enzymes of the cycle, isocitrate dehydrogenase 
2+ 

and 2-oxoglutarate dehydrogenase, are Ca -dependent enzymes (Denton and 

McCormack, 1980). Furthermore, the sensitivity of the enzymes to Ca2+ is 

well within the accepted physiological range of 10nM to 5pM. It is un

necessary to invoke any other physiological role for mitochondrial ca2+ 
2+ transport. Mitochondria possess an electrophoretic, carrier mediated Ca 

uptake system and an independent Na+ -stimulated ca2+ efflux system 

(Crompton et al., 1978) both of which are extremely active in skeletal 

muscle mitochondria under simulated physiological assay conditions 

(Allshire and Heffron, 1984). Decreased mitochondrial ca2+ uptake or 

enhanced Na+ -stimulated ca2+ efflux would result in a diminished ability 

of mitochondria to oxidise pyruvate and would explain the generation of 

non-hypoxic lactate and the unexpectedly small increase in whole-body 

oxygen consumption observed during active MH in swine (Gronert et al., 

1977; Ahern et al., 1985). 

MH AND MITOCHONDRIAL CALCIUM EFFLUX 

ca2+ efflux from mitochondria of MH porcine muscle has only been 

studied by K. S. Cheah and his group (Cheah, 1984). Basically, anoxia

induced ca2+ efflux was shown to be greater in muscle mitochondria from 

halothane-sensitive pigs than halothane-insensitive pigs (Cheah and Cheah, 

1978, 1979); 2% halothane increased this efflux in the mitochondria from 

the halothane-sensitive animals only, on the basis of which the authors 

suggested that their observation offered an ultimate explanation for the 

aetiology of MH. This has not proved to be the case and in any event it 

was unlikely to be so since there is adequate evidence showing that 

tissue perfusion is maintained during the onset and early phase of 

porcine MH at least (Gronert et al., 1977; Ahern et al., 1985). The 

significance of this increased anaerobically-induced ca2+ efflux in the 

aetiology of MH or the porcine syndrome remains unclear; perhaps the 

time of onset of the efflux may be important in determining the reversibil

ity of the established syndrome and may indicate why it is so essential to 

commence active treatment with dantrolene in the early phase if therapy is 

to be successful. More recently, these authors have shown that this 

enhanced ca2+ efflux in MH mitochondria is probably caused by increased 

phospholipase A2 activity which liberates long-chain unsaturated fatty 



acids from the mitochondria (Cheah and Cheah, 1981a, b). The products of 

phospholipase A2 activity, free fatty acids and lysophospholipids, are 

well known promoters of mitochondrial membrane ca2+ permeability in 

addition to the established role of fatty acids as protonionophores. 

Very recently, Cheah (1984) has reported that the increased phospholipase 

A2 activity of the MH mitochondria may be caused by the greater than 
2+ 

normal amount of calmodulin, a Ca regulator protein, in MH muscle 
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mitochondria. It is still not clear if calmodulin is present at all in 

mitochondria (Ruben and Rasmussen, 1981) because of the lack of specificy 

of the calmodulin assays used by different workers. Cheah (1984) does not 

indicate the method of calmodulin assay used in his laboratory. At this 

time it is reasonable to state that the use of the putative calmodulin 

antagonists such as trifluoperazine or chlorpromazine to identify 

calmodulin in an enzyme system, be it membrane-bound or otherwise, is not 

an adequate criterion for calmodulin's presence; the protein should be 

detected and quantitated by either affinity chromatography and 

phosphodiesterase activation or by radioimmunoassay. Indeed, there is 

conflicting data in the literature as to whether or not the ca2+ activa

tion of phospholipase A2 is mediated by calmodulin and a very recent 

study shows fairly conclusively that it is not (Withnall et al., 1984). 

Another explanation of the increased phospholipase A2 activity in 

mitochondria may be deduced from the work of Parce et al. (1978) who 

showed that the previously inactive enzyme becomes active as the ATP 

level falls to zero. Although this was observed with liver mitochondria, 

the result can be legitimately extrapolated to muscle mitochondria, 

particularly those derived from muscle which undergoes such rapid 

postmortem glycolysis and ATP depletion (cf. Somers et al., 1977). Other 

limitations in using postmortem muscle for preparation of physiologically 

intact mitochondria from MH pigs have been discussed by Brooks and 

Cassens (1973) and Ellis and Heffron (1985). Only one brief report of 

Ca2+ retention and release by muscle mitochondria from humans has 

appeared (Heffron, 1984). MH susceptibility was determined by the 

caffeine contracture test; no significant differences in ca2+ retention 

times, basal or Na+ -stimulated ca2+ efflux or fatty acid contents of HH 

or normal mitochondria was noted. On account of the small amounts of 

mitochondria which can be isolated from human muscle biopsies it was 

not possible to examine anaerobic ca2+ efflux or the effect of halothane 
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as had been done by Cheah and Cheah in their experiments already describ

ed. Nevertheless, the results do indicate that there are several 

differences between the ca2+ transporting properties of human and 

porcine MH mitochondria in addition to earlier published differences in 

respiratory characteristics as discussed in the recent major reviews. 

MH AND CALCIUM EFFLUX FROM SARCOPLASMIC RETICULUM 
2+ 

There is still disagreement as to whether SR Ca uptake is unalter-

ed or somewhat decreased in MH (Ellis and Heffron, 1985). Differences 

are undoubtedly due to the quality of the isolated SR and to gross 

differences in assay conditions such as temperature, ionised calcium and 

ATP concentrations. The most important factor influencing isolated SR 

quality is the pH of the muscle sample at the time of and during h~mogen

ization and ultracentrifugation. In a recent Abstract, O'Brien et al. 

(1985) have shown that it is essential to maintain the pH of the homogen

ate during the above isolation procedures for porcine SR, otherwise up to 

90% of the ca2+ sequestering ability of the SR is lost. This finding 

indicates that previous studies, in which this pH effect was not taken 

account of, may have produced data which are artifacts of the isolation 

procedure. Obviously this applies to MH porcine muscle and it remains to 

be established if human MH biopsy muscle exhibits such rapid postmortem 

glycolysis. O'Brien et al.'s finding provides further substance to 

support this author's view of the results obtained with mitochondria from 

MH muscle obtained postmortem. Since 1983, four studies of the so-called 

calcium-induced calcium release system of SR of MH and normal porcine 

muscle have appeared (Ohnishi et al., 1983; Nelson, 1983, 1984; Kim et 

al.,1984). One report of calcium-induced calcium release from SR of one 

MH patient has appeared (Endo et al., 1983). All of the reports on MH 

porcine muscle agree that the calcium threshold for calcium-induced 

calcium release is significantly reduced compared with normal SR. 

Dantrolene had no effect on this calcium release system (Nelson, 1984) 

but it did partially block the rather transient halothane-induced calcium 

release reported by Ohnishi et al. (1983). As already pointed out by 

Nelson (1984), there is a number of experimental inconsistencies in 

Ohnishi et al.'s paper which make it difficult to draw definite conclu

sions on the effect of dantrolene on SR calcium release. The data of Kim 

et al. (1984) show that both the rate and extent of ca2+ release by 



2+ 2+ • 
halothane, by external Ca ,by halothane and external Ca comb1ned and 

by membrane depolarization are significantly increased in MH SR compared 

with normal SR. Nelson (1984) and Ohnishi et al. (1983) did not find any 
2+ 2+ 

difference in the amount of Ca released by added Ca It is also 

important to note that only in the case of the animals used by Ohnishi et 

al. were the MH- susceptible and MH-resistant pigs littermates. The 

calcium-induced calcium release mechanism of human MH muscle was also 

found to be more sensitive to calcium (Endo et., 1983) while halothane 

accelerated this Ca2+ release to a similar extent in both the MH and 

normal muscle fibres. These workers employed the so-called skinned fibre 

technique to demonstrate calcium-induced calcium release whilst all 

studies on MH porcine muscle used isolated 'heavy' SR (fraction enriched 

in terminal cisternae). In the report of Endo et al. it is not clear how 

MH was diagnosed or confirmed although there are now clear guidelines for 

same in both the United States and Europe (Rosenberg and Reed, 1983; 

23 

Ellis et al., 1984). In most of these studies no mention is made of the 

actual halothane concentrations used in the various assay and test media. 

This is an important parameter for all of these studies and should be 

rigidly monitored by appropriate analysis of the anaesthetic concentration 

in the various aqueous media used. 

FUTURE STUDIES 

There is good agreement that the calcium-induced calcium release 
h . . . . 2+ b mec an1sm of SR of MH muscle 1S abnormally sens1t1ve to Ca ut the 

many discrepancies noted above must be resolved in future studies. 

Because this calcium release mechanism is most probably not the primary 

one by which the normal excitation-contraction cycle is initiated 

(Ohnishi et al., 1983), it remains to be established what the signif

icance of the present findings are to the pathogenesis of MH. As with 

the use of caffeine in the MH diagnostic contracture test, the increased 

sensitivity of the calcium-induced calcium release system of MH SR may 

merely be another manifestation of some subtler alteration in the SR and 

perhaps other membrane systems. This interpretation is enhanced by the 

recent demonstrations of the normality of the calcium-binding proteins of 

the contractile apparatus in both porcine and human muscle (Lorkin and 

Lehmann, 1983; Endo et al., 1983). In view of the findings of Denton 

and McCormack (op.cit.), further studies of the mitochondrial calcium 

transport cycle should be worth undertaking in MH porcine muscle. Future 
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studies should pay proper attention to ensuring that control and MH 

animals are of the same breed at least and, where halothane is used in in 

vitro studies the concentrations used should be in the clinical range and 

should be appropriately analysed. Finally, the calcium transporting 

characteristics of the sarcolemma in MH must be examined in similar 

detail to those of SR and mitochondria. 

I wish to thank P.J. O'Brien, University of Minnesota, for a pre

print of his paper presented at the Americal Society of Anesthesiologists' 

Meeting, October 1985. 
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The effects of caffeine and A23187 ionophore ~aLcimycine) on some 
traits of contraction and metaboLism in skeLetaL muscLe biopsies from haLo
thane positive (HP) and haLothane negative (HN) pigLets were studied using 
simuLtaneous mechanicaL and NMR measurements on the same sampLe. Before 
appLying caffeine or A23187, pH and CP LeveL were much Lower in HP pig mus
cLe than in HN pig muscLe. Two Pi peaks were observed, aLthough not cons
tantLy, in HP pig muscLe, indicating two pH compartments. Both caffeine and 
A23187 provoked in HP pig muscLe, as compared to HN pig muscLe, a stronger 
contracture, a decrease in twitch tension (increased in Hr-l muscle), afaster 
pH decrease and a faster depLetion of creatine phosphate. It is proposed 
that, in HP pig muscLe, the mechanicaL response couLd be affected not onLy 
by the changes in free intraceLLuLar Ca2+ but aLso by acidosis and CP 
depLetion induced by caffeine and A23187. 

INTRODUCTION 

In humans,maLignant hyperthermia (MH) constitutes a severe compLica

tion of generaL anaesthesia. The syndrome is characterized by a sudden rise 

in centraL temperature, metaboLic acidosis andnctabLy an intense stiffness 

of skeLetaL muscuLature. 

Some strains of pigs exhibit simiLar and possibLy identicaL incidents. 

They may serve as animaL models for this disease. The aetioLogy of MH isyet 

unknown, but the acute syndrome is reLated to an abnormaLLy sustained in

crease of caLcium in the skeLetaL muscLe fibre cytopLasm. In humans, phar

macoLogicaL tests using caffeine and the triggering agent haLothane are 

used to determine MH susceptibiLity. In pigs as in humans, caffeine and 

the caLcium ionophore A23187 produce stronger contractures in MH muscLes 

(Reiss et aL., 1985). Caffeine and A23187 enhance the concentration of free 

cytopLasmic caLcium by different ways. The first acts directLy on the sar

copLasmic reticuLum Ca2+ reLease (Endo, 1975) ; the second seems to act by 

permitting a caLcium infLux from the extraceLLuLar space (Mac LaughLin et 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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aL., 1975). In MH muscLe biopsies, A23187 produces a Large contracture 

resembLing a "rigor state" and biochemicaL data indicate a totaL depLetion 

of creatine phosphate and ATPCReiss et aL., 1935). Phosphorus-31 nucLear ma

gnetic resonance (NMR) is a powerfuL non-destructive method for determining 

variations in intraceLLuLar pH and concentration of phosphoryLated metabo

Lites in muscLe sampLes or biopsies. In the present study, NMR was appLied 

to stimuLated muscLe biopsies from normaL and MH pigs in the presence of 

caffeine or A23187. 

MATERIAL AND METHODS 

AnimaLs and sampLing 

Three haLothane-negative (HN) and three haLothane-positive (HP) Pie

train pigLets were identified according to the technique described by 

OLLivier et aL. (1978). The HP pigLets were considered as MH sensitive. 

They were used in the experiments at a Liveweight of 45-50 kg. 

The animaLs were anaesthetized by an intravenous injection of Pentho

taL; the anaesthesia was maintained for 4 to 6 h using pentobarbitaL. 

MuscLe strips of about 1 g were obtained from the Left M. biceps femoris 

at intervaLs of approximateLy 1 h Ctime needed to perform one test). 

NMR and mechanicaL measurements 

As quickLy as possibLe after excision, the sampLe was put in a Krebs 

soLution (118 mM NaCL, 24.6 mM NaHC03, 5.6 mM KCL, 0.77 mM KH2 P04, 0.77 mM 

Mg S04' 2.3 mM CaCL2 , 11 mM gLucose, 2 mM mannitoL, pH 7.4) maintained at a 

temperature of 37°C and gassed with carbogen (95 % 02 , 5 % C02)' 

The muscLe strip was attached to the device shown in Fig. 1 and 

transfered into a NMR tube (20 mm in diameter). ALL these operations were 

made in oxygenated Krebs. The muscLe was then superfused with oxyge-

nated Krebs medium C37°C, 75 mL min-1) and pLaced into the NMR spectrometer. 

The upper part of the strip was connected to the Lever arm of a strain 

gauge force transducer and stimuLated with siLver eLectrodes (see F g. 1). 

The strip was pretensioned to the Length at which the maximum twich tension 

was obtained. Then the NMR and mechanicaL measurements were initiated. 

Throughout the whoLe experiment, the muscLe was submitted to supramaximaL 

stimuLation at a frequency of 0.1 Hz. 

After a controL period of about 20 min, normaL Krebs medium was repLa

ced by a soLution to be tested, i.e. either 8 mM caffeine or 16 mM caffeine 
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4 ~g.l-1 A23187 (calcimycine) in oxygenated Krebs medium for 16 min (tes

ting period). Then normal Krebs medium was used again for a rinsing period 

of 20 min. The following mechanical parameters were recorded: resting 

tension, contracture tension and active tension, i.e. maximal isometric 

twitch and tetanic tensions. 
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----o 0 
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oxygen 
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glass tube 
muscle 

NMR tube 

Fig. 1 NMR device for isoLated muscLe studies. 
Atthe bottom, the muscle strip is mounted on a removabLe support 
consisting of a teflon clamp embedded within two glass tubes hol
ding silver electrodes. The upper part of the muscle is flattened 
by a small piece of teflon and tied up with a string hooked to the 
transducer arm. 

31p NMR measurements 

NMR experiments were performed On a conventional Nicolet NT200-WB 

spectrometer equipped with a superconducting magnet operating at 4.7 TesLa. 

31p NMR spectra were recorded at 80.9 MHz without proton decoupLing. Typi

cal spectra of superfused muscle biopsies were obtained in 4 min (20 mm 

diameter probe, muscLe weight 1 ± 0.2 g) by accumuLating 40 free induction 

decays resuLting from 90 · radio frequency puLses applied at 6 sec inter

v8ls. 
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ATP, CP and Pi vaLues were derived from the comparison of the 1st spectrum 

with the resuLts of biochemicaL ATP determination. 

BiochemicaL measurements 

A 1 g muscLe sampLe was taken at the beginning of the first test and 

immediateLy frozen using tongs precooLed in Liquid nitrogen. The frozen 

tissue was kept in Liquid nitrogen unti L extraction with frozen 0.6 M per

chLoric acid. Adenosine triphosphate (ATP) and creatine phosphate (CP) were 

enzymaticaLLy determined according to the techniques described by BERGMEYER 

(1974). 

RESULTS 

1 - 31p NMR spectra and mechanicaL data of superfused pig muscLe biopsies 

jn normaL Krebs medium 

TypicaL spectra from HN and HP pig muscLe recorded during the controL 

period are shown in Fig. 2. 

'1 Cf 

p, (IP 

HN 
~~ ~~ 

XA TP ~AIP 

pp 

Fig. 2 31p NMR spectra of strips of M. biceps feMoris from HN and 
HP Pietrain pigs. 
Spectra were recorded at 80.9 MHz for 6 min (60 scans). StimuLated 
muscLe strips were bathed in oxygenated (95 % 02 ' 5 % CO2) Krebs 
soLution at pH 7.45, temperature 37°C· 
Resonances of inorganic phosphate (Pi), creatine phosphate (CP) at 
- 2.45 ppm, y, a and S ATP (adenosine triphosphate). InHN pig muscLe, 
chemicaL shifts of Pi indicate two pH corresponding to extraceLLuLar 



Pi at + 2.88 ppm (pH 7.47) and intraceLLuLar Pi at + 2.43 ppm 
(pH 7).In HP pig muscLe, the Pi resonance dispLays three components; 
a Low fieLd peak corresponding to the extraceLLuLar Pi at + 2.88 ppm 
(pH 7.47), and a high fieLd peak with a shouLder at + 2.43 ppm and 
+ 1.72 ppm respectiveLy corresponding to two pH vaLues of 7 and 6.49. 
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ALthough the overaLL spectra were comparabLe, distinct differences were 

observed. The CP peak wqs substantiaLLy Lower in HP animaLs, indicating a 

Lower content which was confirmed by biochemicaL anaLysis (see TabLe I). 

TABLE I Concentrations of phosphoryLated metaboLites and intra
ceLLuLar pH in HN and HP pig muscLe. 
Number of sampLes is given in brackets. VaLues are derived from 
NMR measurements. 

(Student test: P < 0.001*** P < 0.01** NS,non significant) 

HN 

HP 

ATP 

IJmole.g-1 
wet weight 

4.53 ± 0.57 (9) 

4.35 ± 0.47 (7) 

NS 

CP Pi pH 

IJmole.g-1 IJmole.g-1 U pH 
wet wei ght wet weight 

16.93 ± 3.24 (9) 7.69 ± 2.25 (9) 6.99 ± 0.07 (9) 

10.68 ± 3.77 (8) 12.30 ± 4.10 (9) 6.82 ± 0.08 (4) ** 

*** *** 6.49 ± 0.01 (3) *** 

6.26 ± 0.08 (3) *** 

In HP animaLs, the intraceLLuLar Pi peak was increased and frequentLy 

dispLayed an heterogeneity indicative of the presence of two pH compartments. 

ConsequentLy, two vaLues of intraceLLuLar pH were caLcuLated whenever hete

rogeneity was unequivocaLLy apparent. However, it was not possibLe to mea-

sure the individuaL Pi contents of each compartment. Measured pH was gene-

raLLy much Lower in HP animaLs. When two vaLues couLd be computed, one of 

them was cLose to the vaLue measured in HN pigs (see Fig. 6). The decrease 

in pH and in CP showed a simiLar rate in both types of pigs (Fig. 5 and 6). 

The contraction strength was satisfactoriLy maintained in both types 

of animaLs throughout the whoLe controL period (Fig. 3, 5 and 6). 

2 - Effects of caffeine and of ionophore A23187 

a) £i!ff~iQ~ 

Upon perfusion with caffeine, a contracture deveLoped in both types 

of muscLes though stronger in HP animaLs (Fig. 3). 
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Fig. 3 Recording of contractions of isotated M. biceps femoris 
from HP and HN pigs. 
MuscLe wet weight: HN : 1.8 g ; HP : 2.06 g 
The record extends from right to Left. Beginn i ng of caffeine and 
rinsing periods are indicated by verticaL sotid arrows. 

Moreover, the contracture tension was increased by increasing the caf

feine concentration <TabLe 2). 

TABLE 2 : Effect of caffeine and A23187 on mechanicaL parameters 
of HN and HP muscLe fibres. 
VaLues are presented as means ± standard deviation. Number of sampLes 
measured is given in brackets. 

Norma l Krebs Caffeine 8 mM Cat1ei ne 16 ""'I A23187 
9 9 g 

7.7 ± 0.71 (9) 8.14 ~ 1.12 (3) 10.1 3.44 (3) 5.27 0.5 (3) 

0 0.55 0.05 1.5 0.74 0.24 0.12 

6.04 ! 1.66 (8) 3. 79 :! 1.93 (3) 3.42 ± 2.51 (2) 2.26 , 1.22 

0 1.19 :! 0.05 3.51 ± 0.22 0.62 :! 0.12 

SimuLtaneousLy the twitch tension was increased in HN animaLs (caffeine 

potentiation) and by contrast, was sharpLy reduced in HP pigs (Fig. 4). 

(3) 

Creatine phosphate showed a very sharp reduction, particuLarLy in HP 

pigs where the zero LeveL was practicaLLy reached at the beginning of the 

rinsing period. ATP content was kept approximateLy constant over the course 

of the experiment. During the testing period, two Pi peaks began to be dis

t i nguishabLe ; the two pH vaLues dropped faster in HP than in HN pigs. 
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F~g. 4 Sequence of 31p NMR spectra for strips of M. biceps femoris 
from HP and HN pigs showing changes in phosphoryLated metaboLites 
during caffeine contracture. 
Each spectrum is the bLock average of 4 x 20 scans (8 min). CP peak 
is set at - 2.45 ppm. PDE : phosphodiesters. Note the respective 
changes in the CP and Pi peaks. 
a - MuscLe at rest, in normaL Krebs medium. Two intraceLLuLar pH 
compartments are distinguishabLe in HP muscLe. 
HP muscLe: pH ex : 7.5 ; pH in : 6.51 and 6.39 ; ATP : 5.4 ~moL.g-1 
Pi in : 16.6 ~moL.g-1 (ex, extraceLLuLar; in, intraceLLuLar). 
HN muscLe: pH ex : 7.5 ; pH in : 6.96 ; CP : 20.8 ~moL.g-1 ; ATP : 
4 ~moL.g-J ; Pi in : 10.8 ~moL.g-1. 

b- StimuLated muscLe 20 min stay in normaL Krebs medium. 
c-StimuLated muscLe in 16 mM caffeine Krebs medium at beginning of 
contracture. 
d-StimuLated muscLe in 16 mM caffeine Krebs medium at the end of 
the Listing period. Note the PC drop cLose to zero LeveL. 

b) ~~~1~Z 

In the experiments described here, A23187 produced more restricted 
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effects than in a previous work (Reiss et aL./ 1985). The contracture was 

weak in HN muscLe, and no twitch potentiation was observed (Fig. 6). HP 

muscLes deveLoped a noticeabLe contracture accompanied by a considerabLe 

reduction of the twitch tension in a simiLar manner as previousLy reported 

(Reiss et aL., 1985). There was a drastic decrease of CP LeveL in HP muscLe 
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Fig. 5 Effect of 16 mM caffeine upon the dynamics of twitch tension, 
ATP and creatine phosphate (CP) contents and intraceLLuLar pH of 
strips of M. biceps femoris of HN and HP pigs. Values are expressed 
as percentage of the vaLue obtained at the beginning of the experi
ment in normal Krebs medium (+ HN ;. HP). pH is expressed in pH units 
(+ HN ; • HP). Where two pH compartments were distinguishable in HP 
muscle, the second peak is indicated by a star (*). Each spectrum 
point is derived from the average of 40 scans accumulated during 
4 min: 1st to 4th, controL period; 5th to 8th, testing period; 
9th to 12th, rinsing period. The testing period is included between 
the two solid arrows. 
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Fig. 6 Effect of A23187 (4 ~ g.ml-1) upon dynamics of twitch tension, 
ATP and creatine phosphate (CP) contents and intracellular pH of HN 
and HP biceps femoris mus cle str i ps (see legend Figure 5). 
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as compared to HN muscle. ATP level was maintained during the whole experi

ment starting from the control period. Two pH values were distinguishable 

in samples from two HP animals. These values seemed to decrease faster than 

the one observed in HN pig muscle. 

c) ~i~~i~9_e~~i~Q 

During this period, contracture was suppressed in HN muscles. Simulta

neously, the twitch tension recovered to control value in HN whereas it 

continued to decrease in HP pigs and was nearly abolished at the end of 

the period (Fig. 3). The pH seemed to stabilize in HN muscle, but continued 

to decrease in HP muscle to reach close to or even below pH 6.0. 

DISCUSSION 

During the control period, pH as well as ATP and CP contents slowly 

decreased in all samples. However, the observation that pH and CP were 

noticeably lower in HP muscle at the beginning of the experiment indicates 

thht probably the physiological conditions were altered in this muscle. By 

contrast, HN muscle seemed to be preserved in a more satisfactory condition 

in our procedure. In fact, according to the results obtained on "in situ" 

frozen samples from HN Large White and HP Pietrain pigs by Hall and Lucke 

(1983) there should be no difference in CP and ATP levels between both ty

pes of muscles. In the same way, using "in vivo" 31p NMR spectroscopy, 

Roberts et ala (1983) did not observe any difference in CP levels between 

HP and HN piglets. The differences found here may be due to differential 

sensitivity of HP and HN fibres to the cutting procedure. Many authors 

reported similar differences on samples frozen after cutting (Nelson, 1973; 

Veerburg et al., 1984 ; Kozak-Reiss et al., 1985). If that were the case, 

it would seem difficult to correct for this artifact (Meyer et al' J 1985). 

When performed in the same way as in humans, the caffeine contracture 

studies show clear differences in HP and HN pigs. In HN muscles, 8 mM as 

well 16 mM caffeine produced twitch potentiation accompanied by a contrac

ture. By contrast, in HP muscles, the twitch strength was reduced from the 

onset of the caffeine perfusion, and continued to decline after the muscle 

was placed in the rinsing soLution. The NMR spectra showed a considerabLe 

decrease in CP content with a concomittant increase in Pi content J even 

though the ATP LeveL was maintained. A simiLar effect was observed with 

A23187. ResuLts are consistent with our previous observations. 

In the presence of caffeine and A23187, an impairment of excitation-
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contraction coupLing was observed in HP muscLe. It can be partLy reLated 

to the criticaLLy Low LeveL of CP (Mainwood et aL., 1982) rather than to 

ATP LeveL which was maintained. This Latter point does not agree with NeL

son (1973) who reported on the basis of biochemicaL assays a considerabLe 

depletion of CP and ATP, with production of inorganic phosphate and Lac

tate in haLothane treated HP muscLe strips. With the A23187, a simiLar 

reduction of CP and ATP was observed in HP pig muscLe (Kozak-Reiss et aL., 

1985). The discrepancy between previous reports and the resuLts of the pre

sent NMR study pertains mostLy to the ATP LeveL which was considerabLy 

Lower in NeLson's study and seemed onLy sLightLy affected in the present 

experiment. 

IntraceLLuLar pH is the second and perhaps the most important factor 

affecting the mechanicaL response. It has been often reported that intra

ceLLuLar pH affects the binding and reLease of Ca2+ from the sarcopLasmic 

reticuLum (Lea and AshLey, 1982) and the sensitivity of the contractiLe 

eLements to Ca2+. In skinned frog skeLetaL muscLe fibres, Ca2+ activated 

force is pH dependent i.e. force is near zero at pH 5.5 and increases to 

maximaL at pH 7.5 (Robertson and Kerrick, 1979). Comparing the effects of 

fatigue and Low intraceLLuLar pH in singLe frog skeLetaL muscLe fibres, 

Edman and Mattiazzi (1981) showed that in a non-fatigued fibre, the drop 

in mechanicaL performance during fatigue can be reproduced by reducing the 

pH. The same resuLts were obtained in whoLe muscLe by Curtin and RawLinson 

(1984) using frog Sartorii. ALL these data support the idea that both a 

reduced state of activation of the contractiLe system and a specific reduc

tion of cross bridge number and/or turnover rate are Linked to an increased 

intraceLLuLar H+ concentration. The fact that in HP pig muscLe, themecha
nicaL output was reduced, not onLy in caffeine and A23187 media but aLso in 

Krebs rinsing soLution, can be reLated both to the reduction of CP LeveL 

and to the substantiaL drop in intraceLLuLar pH. 

A question rises regarding the origin of the two intraceLLuLar Pi 

compartments observed in the spectra of HP muscLe and corresponding to two 

pH vaLues. This observation couLd resuLt from an heterogeneity in the phy

sioLogicaL state of fibres, with centraL fibres being more anoxic and then 

acidotic. ALternativeLy, the two compartments couLd correspond to different 

types of fibres in biceps femoris (80 % fast twitch gLycoLytic~ 20 % sLow 

twitch oxidative) as was noted in cat biceps (Meyer et aL.~ 1985). This may 

be reLated to the observation that red fibres are more sensitive to haLo

thane that white fibres (Van den Hende, 1979 i Kozak-Reiss, unpubLished). 
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In the presence of caffeine and A23187, an impairment of excitation 

affect the cell metabolism of HP pig muscle to such an extent that the 

mechanical response to stimulation could be affected not only by the chan

ges in free Ca2+ levels, but also by the induced acidosis. 
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MALIGNANT HYPERTHERMIA: NEUROCHEMICAL ASPECTS 

ABSTRACT 

J. V. McLoughlin 
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Dublin 2 
Ireland 

There is conflicting evidence about the role which the 
peripheral sympathetic nervous system plays in drug-induced 
malignant hyperthermia and very little information on the 
possible involvement of the central nervous system. In this 
study, the concentrations of noradrenaline, dopamine and 
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their non-O-methylated metabolites were examined in two 
regions of the brain, the hypothalamus and the corpus 
striatum. Differences between MH susceptible and non
susceptible animals were found only in the concentrations of 
two metabolites. The activity of monoamine oxidase in the 
hypothalamus, corpus striatum, liver, kidney, heart, skeletal 
muscle and intestinal mucosa, and of catechol-O-methyl 
transferase in kidney were not significantly different between 
the two types of animal. 

INTRODUCTION 

The malignant hyperthermia (MH) occurs in man and the 

pig when susceptible individuals are exposed to chemical 

trigger agents, particularly the fluorinated inhalent anaes-

thetic halothane and the myorelaxant succinylcholine, although 

other fluorinated anaesthetics as well as cyclo-propane and 

diethyl ether have been associated with the development of 

the condition. The syndrome is characterised by muscular 

rigidity, hyperthermia, metabolic and respiratory acidosis, 

tachycardia, arrythmias, alterations in electrolyte balance 

in blood and haemodynamic changes which may lead to death. 

Predisposition to MH is determined genetically in both species. 

In man, it is associated with the presence of dystrophic 

changes in skeletal muscle and familial histories of neuro-

muscular disorders; with hypermobility of joints and a 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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tendency for jOint dislocation; and with unusual cardiac 

murmurs, symmetrical hypertrophy of the myocardium and a 

tendency to develop arrythmia in response to excitement and 

physical exercise. In the pig, susceptibility to MH is 

associated with very high rates of high energy phosphate 

turnover and glycolysis in skeletal muscle post-mortem. In 

both species, drug-induced MH appears to be associated with 

susceptibility to a variety of stressors. This relationship 

is well established in the case of the pig where susceptibility 

to experimentally-induced physiological and environmental 

stressors has been demonstrated. The evidence for a similar 

stress-susceptibility in man is mainly clinical and less 

conclusive. 

In the pig three conditions occur which are closely 

related to each other, i.e. pale soft exudative (PSE) muscle, 

drug-induced malignant hyperthermia and the stress syndrome. 

The processes which cause skeletal muscle to become pale soft 

and exudative are well established and consist essentially of 

a critical combination of low pH and high temperature (above 

30 C) as the muscle goes into rigor mortis. This causes the 

denaturation of the sarcoplasmic and myofibrillar proteins, 

dislocation of the myofibrillar structure ahd rupture of the 

sarcolemma which makes the muscle become pale and exude fluid. 

Drug-induced MH is a pharmacogenetical disorder, that is, an 

individual may have an inherent susceptibility to the condition 

but it requires the presence of certain pharmacological agents 

to initiate the syndrome. Drugs which initiate MH have been 

identified and drugs which alleviate it are known but the 
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molecular and cellular mechanisms which lead to the MH are 

still uncertain. However, much evidence suggests that the 

trigger site may be in skeletal muscle and that it may involve 

a defect in the transport, storage, release or uptake of the 

calcium ion by intracellular organelles. Whether such are, 

in fact, the primary cause of MH has not been clarified. 

The stress syndrome is a much more complex entity than 

either PSE muscle or drug-induced MH and it is hardly 

surprising that despite the considerable amount of research 

attention devoted to it little is known about the physiol

ogical mechanisms involved. The stress syndrome seems to be 

a failure of the homeostatic mechanisms of an animal to cope 

adequately with a wide variety of environmental and physiol

ogical stressors. It is difficult to explain or understand 

such a physiological deficiency except in terms of the entire 

neuroendocrinological axis and its integration with physiol

ogical drives, behavioural responses and autonomic and somatic 

motor activity. Hence, it is unlikely that experiments which 

involve the use of markers such as PSE muscle or an MH 

response to a drug will tell us much about the fundamental 

nature of stress susceptibility. The contribution of bio

chemistry and physiology to the understanding of disease 

processes is probably least in the case of the central nervous 

system. Nevertheless, certain disorders are now associated 

with defects in neurohumeral transmission, e.g., Parkinson's 

disease in man which involves a functional deficiency in 

dopaminergic mechanisms in the basal ganglia. The affective 

disorders and schizophrenia also appear to involve defects of 
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monoamine function although studies on the action of drugs, 

metabolites in the urine and cerebrospinal fluid and the 

examination of brains post mortem have not provided un-

equivocal evidence for the monoamine hypothesis for these 

disorders. 

THE SYMPATHETIC NERVOUS SYSTEM AND MH 

There is evidence which indicates that the peripheral 

sympathetic nervous system is involved in MH but a conflict 

of views as to whether this involvement is primary or secondary 

to some other initiating factors. The concentration of 

catecholamines in plasma increases markedly during drug-

induced MH (Gronert and Theye, 1976; Lucke, Hall and Lister, 

1976; Lister, Hall and Lucke, 1976) and also when an MH-like 

syndrome is induced by electrical stimulation of the lumbro-

sacral and brachial plexus (Ahern, Milde and Gronert, 1985). 

Whether there are differences in the concentration of catecho-

lamines in plasma between normal pigs and MH-susceptible pigs 

in the absence of any triggering agents is not certain. Ahern 

et al. (1985) reported that plasma of normal pigs contained 

0.55 ± 0.35 pg/l-l NA, MH-susceptible 1.05 ± 0.37, although 

the differences were not statistically significant. Wheatley 

and McLoughlin (unpublished) found 0.04 ± 0.02 pg/l-l NA in 

+ -1 plasma from normal pigs and 0.51 - 21pg/l for MH suscep-

tible pigs. Wheatley and McLoughlin also found significant 

differences in the concentration of DA between normal 

+ -1 +-1 
(0.07 - 0.02)Ug/1 ) and MH susceptible (0.54 - O.ll~g/l ) 

pigs. 

The use of adrenergic antagonists during episodes of MH 



influences the development of the syndrome but the 

conclusions which can be drawn from such experiments are 

limited because of the variety of pharmacological agents 

used. Studies on preparations which were effectively 

"sympathetically denervated" either by means of adrenalectomy 

coupled with blockade by bretylium (Lucke, Denny, Hall,Lovell 

and Lister, 1978) or by total spinal anaesthesia (Gronert, 

Milde and Theye, 1977) gave conflicting results. The former 

experiments supported the view that the integrity of the 

sympathetic nervous system was necessary for the development 

of MH, the latter that it was not. There are also conflic

ting reports on the effect of epidural block on the develop

ment of MH (Kerr, Wingard and Gatz, 1975; McLoughlin, Somers, 

Wilson and Ahern, 1976). A greater autonomic responsiveness 

has been reported in stress susceptible compared to stress

resistant breeds of pig (Gregory and Lister, 1981). Studies 

using an isolated perfused caudal muscle preparation 

provided clear evidence that metabolic responses (increase in 

oxygen consumption and lactate formation) occur in MH 

susceptible muscle in the absence of neural and hormonal 

influences (Gronert, Milde and Taylor, 1980). These 

metabolic changes were induced by elevated temperature and 

the presence of the cholinergic agonist carbachol but not by 

fX- and f3 -adrenergic agonists. However, these experiments 

also raise a question about the role which acetylcholine, 

released at the somatic neuromuscular junction of the intact 

animal, may play in the initiation of MH. 
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CENTRAL NERVOUS SYSTEM AND MH 

A wide range of drugs which have a central action modify 

MH initiated by halothane. The induction of anaesthesia with 

barbiturates, ketamine or althesin prior to maintainance with 

halothane delays the clinical manifestation of MH although 

metabolic changes in skeletal muscle may have been initiated 

already (Somers, Wilson, Ahern and McLoughlin, 1977). The 

delaying action of these anaesthetics may simply be a conse

quence of their effects on the dose of halothane required to 

maintain a satisfactory depth of anaesthesia. However,other 

drugs have a similar protective action, in particular 

phenothiazines and butyrophenones (McLoughlin, Somers, Ahern 

and Wilson, 1978; McGrath, Rempel, Addis and Crimi, 1981; 

Wingard and Gatz, 1978). The butyrophenone azaperone was 

developed specifically for use in the pig and premedication 

with this drug reduces the incidence of death during 

transportation and of PSE muscle post mortem. Azaperone also 

delays the onset of halothane-initiated MH (McLoughlin et al., 

1978). Spiperone administered to MH-susceptible animals daily 

over a period of seven days and then discontinued blocked a 

positive response (muscular rigidity with 5 minute inhalation 

of halothane (5% in 02»in these animals for up to four weeks. 

While such observations may contribute to the pretreatment of 

patients who may be susceptible to MH they cannot provide any 

very useful information about central mechanisms or pathways 

which may be involved in MH or stress reactions. This is 

because such drugs have widespread psychophysiological and 

behavioural effects. The variety of central and peripheral 



actions of the drugs make it virtually impossible to even 

speculate on the relevance of their actions to central neural 

functions and MH. Nevertheless, factual information about 

neurotransmitter function in the central nervous system of 

stress susceptible and normal animals might contribute some

thing to the understanding of the role of the eNS in the 

stress syndrome and MH. 

Monoamines in the brain 

The use of histochemical fluorescence techniques has 

shown that the monoamines noradrenaline (NA), dopamine (DA) 

and 5-hydroxy-tryptamine (5HT) are located in neurons in 

specific regions of the brain. These neurons have high 

concentrations of monoamine in their widely ramifying 
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terminal axons and relatively low concentrations in their cell 

bodies. The neurons are mainly located in discrete clusters 

in the brain stem, the cells (NA and DA) in the caudal brain 

stem giving rise to descending fibres which terminate in the 

grey matter of the spinal cord, those in the rostral brain 

stem to ascending fibres which pass through th~ hypothalamus 

and have a widespread terminal distribution which includes 

nuclei of the hypothalamus and the neocortex. The DA

containing neurons are mainly located in large clusters in 

regions of the substantia nigra and in the ventral mesen

cephalon. Their axons terminate in the lateral hypothalamus, 

the corpus striatum, nuclei in the limbic forebrain and in 

regions of the frontal cortex. Some cell bodies in the caudal 

brain stem send axons to the hypothalamus which appear to 

release adrenaline from their terminals. 
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Corpus striatum and hypothalamus 

The corpus striatum and the hypothalamus were used to 

study the concentrations of NA, DA and their metabolites in 

stress (MH)-susceptible and normal pigs (Bardsley, Wheatley, 

Fowler, McCrodden, McLoughlin and Tipton, 1982). These 

regions were chosen for several reasons. Firstly, both areas 

are rich in catecholamines. Secondly, the corpus striatum 

is involved in muscular control and the hypothalamus 

integrates neural and endocrine functions and maintains 

homeostasis. Thirdly, all antipsychotic drugs, including the 

phenothiazines, block DA receptors and increase the turnover 

rate of DA in the corpus striatum. The phenothiazines and 

the butyrophenones also influence neuronal function in the 

hypothalamus. Both chloropromazine and haloperidol enhance 

prolactin secretion by an antagonistic action on DA inhibitory 

receptors and chloropromazine also interferes with release 

of growth hormone and corticotropin releasing factor and with 

thermoregulation. The experimental animals were anaesthetised 

with sodium pentobarbitone and maintained for one hour under 

this anaesthetic before craniotomy. The anaesthetic and 

surgical procedures involved have been described by Bardsley 

et al. (1982). The results of the study did not show that 

there were significant differences in the concentrations of 

NA and DA in either the corpus striatum or hypothalamus 

between stress (MH) susceptible and normal pigs. There were 

differences in the concentrations of certain non-O-methylated 

metabolites. The MH susceptible pigs had higher concentrations 

of 3, 4-dihydroxymandelic acid (DHMA) in the hypothalamus 



(0.33 ± 0.14 ng/mg protein) and higher concentrations of 

dihydroxyphenylglycol (DHPG) in the corpus striatum 
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(0.24 ± 0.05 ng/mg protein) than had normal pigs(hypothalamus 

0.19 ± 0.07 ng/mg protein, corpus striatum 0.1 ± 0.04 ng/mg 

protein of DHMA and DHPG respectively). These differences may 

not be related to susceptibility to either stress or MH and 

such steady state concentrations of metabolites may not be 

related in any direct way to neuronal function. 

Monoamine oxidase 

The action of monoamines is terminated by active reuptake 

into axon terminals and by the action of two enzymes, 

monoamine oxidase (MAO) and catechol-O-methyltransferase. 

Williams (1976) proposed that malignant hyperthermia might 

be due to a functional deficiency of MAO which led to a 

prolongation of monoamine activity. MAO exists in two forms, 

A and B,which have different substrate specificities and 

different sensitivities to inhibitors. It is considered that 

both forms of the enzyme metabolise try amine and DA, while 

MAO-A is responsible for the deamination of NA and 5HT and 

MAO-B for deamination of )S-phenethylamine. There is very 

little of the MAO-A in the pig (Hall, Logan and Parsons, 

1969; Tipton, 1971) so it was a possibility that this species, 

and perhaps especially the MH susceptible breeds, might have 

inadequacies in the deamination of monoamines. However, the 

results of the study showed that there was no significant 

difference in MAO activity in the hypothalamus and corpus 

striatum between ME susceptible and non-susceptible using as 

substrates phenethylamine and 5HT. MAO activity was also 
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measured in the liver, kidney, heart, intestinal mucosa and 

cerebral cortex between the two types of pig but no 

significant differences in the activity of the enzyme were 

found. The activity of catechol-O-methyl transferase was 

measured in kidney but no differences were found between the 

susceptible and non-susceptible animals. 

CONCLUSIONS 

The virtual absence of monoamine oxidase type A in pig 

tissues does not adversely affect the ability of this species 

to deaminate monoamines. A functional deficiency of 

monoamine oxidase does not appear to be associated with 

susceptibility to MH. Steady state concentrations of 

noradrenaline, dopamine and their non-O-methylated 

metabolites are not notably different in the hypothalamus 

and corpus striatum. 
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Thyroid function has been implicated in the aetiology of stress 
sensitivity and pale watery muscle (PSE) condition in pigs. The 
various approaches used to study thyroid function are discussed 
particularly in relation to interpretation of the findings. It is 
suggested that clinical terms such as hypo- or hyper-thyroid should not 
be applied in relation to stress sensitivity in pigs. Differences in 
some thyroi d parameters between breeds appear to be para He 1 ed by 
differences between sexes. Thus the leaner breed and leaner sex have 
lower thyroxine (T ) and higher TSH/T ratios. A compartmental model 
for studying the k~netics of thyroida1 iodine metabolism is proposed. 
This model can be used to elucidate the problems involved in 
interpret i ng c 1 i ni ca 1 approaches to studyi ng thyroi d funct ion. There 
is evidence from studies on thyroidal iodine kinetics that the PSE 
condition is related to a faster utilisation of thyroxine relative to 
secretion. 

The i nci dence of pale watery muscle (PSE) is greater in 1 eaner 

breeds of pigs and thus the underlying physiological mechanisms to 

exp 1 ai n thi s mi ght be expected to be those endocri no 1 ogi ca 1 systems 

whi ch are i nvo 1 ved in the control of growth and 1 eanness. Pituitary 

adrenal function (both cortex and medulla) and thyroid function have 

been implicated in the aetiology of the PSE condition. Early studies 

of the involvement of thyroid function showed that f~eding iodocasein 
to pigs resulted in an improvement in meat quality (Ludvigsen 1957) and 

that PSE pi gs mi ght be cons i dered hypothyroi d. A lthough some of the 

later work showed that goitrogens increased the tendency to PSE 

(Ludvigsen 1968; Topel & Merkel 1966) other work on thyroid turnover 

(Sorensen 1961; Romack et a 1) supports the content i on that PSE prone 

pigs are hyperthyroid. The terms hypo- and hyper-thyroid are clinical 

terms and the typical clinical signs of hyperthyroidism is an 

ectomorphic body type with an excitable nature which may be more 

applicable to a stress sensitive type of pig. Since hypo- and 

hyperthyroidism are clinical terms they should not be applied to 'PSE' 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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or stress sensitive type of pi gs unless the same cl inical syndrome 

exists, the reasons for this will be discussed later. 

One of the aims of this review is to consider whether a 

phys i 01 ogi ca 1 exp 1 anat i on can be gi ven to the apparent anoma 1 i es and 

conflict in the literature in relation to the role of thyroid function 
in the aet i 01 ogy of the PSE condit ion. Severa 1 approaches have been 

used to study the role of thyroid function and other endocrine systems 

in re 1 at i on to the PSE condition. These approaches can be class ifi ed 

under 6 broad headings (1) genetic (2) correlation (3) pharmacological 
(4) clinical (5) biochemical (6) physiological. Many workers have used 

more than one approach. 

I n the genetic approach the main criterion for assess i ng thyroi d 

funct i on has been the measurement of ci rcul at i ng hormone 1 eve 1 s, in 

earlier studies as protein bound iodine (PBI) and later directly as T4 

and T3• Judge et al (1968) found higher PBI levels in stress 

susceptible pigs, and lower thyroid uptake 24 h post administration of 

radioiodine. The difference in circulating T4 levels depends on the 
stress involved in sampling (Moss 1981) and as will be discussed later 

thyroid uptake studies must be interpreted with caution. Marked 

differences in the T4 level of Landrace and Large White pigs were only 
found when samples were taken from the live animal under restraint and 

not when taken at slaughter (see Table 1). In stress situations both 

decreases in circulating T4 (Moss 1984) and increases (Spencer 1984) 

have been reported. In other species rapid increases in T4 secretion 

have been noted in response to stress (Falconer 1972). 

Larger thyroid glands have been noted in stress susceptible pigs 

(Ludvigsen 1968; Topel & Merkel 1966). This may reflect hypertrophy to 

overcome ineffective trapping and/or increased TSH secretion. Loss of 

inorganic iodide from the thyroid gland parallels "the loss of organic 

iodide (Isaacs et al 1966; Falconer & Hetzel 1964) and thus is related 

to stimulation. From kinetic models proposed (see Fig 1) it is evident 

that such a response could give rise to lower thyroid uptakes although 

the pigs may have higher TSH/T4 ratios (See Table 2). 
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TABLE 1 Thyroxi ne responses of Landrace and Large Whi te pi gs to the 

stressors of restraint and pre-slaughter handling 

Plasma Thyroxine (~g dl- 1) 

Landrace Large White 

In pensa 4.0 4.9 

At slaughterb 4.2 4.1 
Significance NS * 

a The pigs were restrained by a noose round the upper jaw, and blood 
samples were collected from an ear vein within 5 min of restraining 
the pig at the progeny station before transport to slaughter. 

b The pigs from their individual pens were mixed on the lorry, 
transported for a peri od of 35 mi n to the abattoi rand kill ed by 
electrical stunning after 1 h in lairage and blood was collected at 
exsanguination. 

The sex and breed differences in thyroid function in Table 2 are 

also of interest in consideration of the relationship between thyroid 

funct i on and 1 eanness. I n both breeds the 1 eaner sex has lower T 4' 

lower FTI, higher TSH and higher TSH/T4 ratio. Also by comparison the 
leaner more stress sensitive breed (Landrace) has lower T4, lower FTI 

and higher TSH/T4 ratio. Campbell (1984) suggested from breed/sex 

interactions on meat quality that the pigs could be ranked in the 

following order of decreasing post mortem glycolytic rate Landrace (LR) 

and Large White (LW) boars > LR gi lts > LR barrows > LW gi lts and 

barrows. A similar ranking order would be obtained if the ranking was 

done on the basis of increasing FTI, or decreasing TSH ie lowest FTI or 

highest TSH in pigs of fastest post mortem glycolytic rate. Thus it 

appears from these preliminary sex/breed studies that thyroid function 

may be involved in both the control of leanness and meat quality. The 

low within litter variation and high intraclass correlation, 0.64 for 

T4 and 0.77 for FTI, (calculated as in Snedecor 1965) indicates that 
thyroid function may have a high heritability coefficient and may thus 

be useful in selection schemes. 
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Table 2 Thyroid statusa of Landrace and Large White boars, barrows 

and gilts 

T3 T4 FTI c TSH b TSH/T4 
Uptake I1g dl-1 I1U ml- 1 Ratio 

Rati a 

Landrace:-

Boars 0.68 3.37 5.32 5.68 1. 75 

Barrows 0.57 3.60 6.58 4.03 1.16 

Gi lts 0.60 3.85 6.47 4.69 1.26 

Si gnifi cance of Difference:-

Litters (8) NS *** *** NS NS 

Sex NS NS * NS NS 

Large White:-

Boars 0.72 4.12 6.02 6.08 1.50 

Gi lts 0.65 4.59 7.13 5.17 1.14 

Significance of Difference:-

Litters (4) NS NS NS NS NS 

Sex NS NS NS NS NS 

a Measured in blood obtained from the ear vein after restraining the 

pig. 

b TSH units based on hTSH (PhadebasR TSH Test, Pharmacia Diagnostics) 

C FTI _ Free Thyroxine Index 

The correlation approach where specific parameters eg T4 levels 

are related to meat quality parameters using statistical regression 

techniques suffer from several problems, particularly the influence of 

the envi ronmenta 1 component. If corre 1 at ions are attempted withi n a 

breed which does not contain halothane positive pigs then the 
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assumpt i on made is that there is an associ at i on between the 1 eve 1 of 

the parameter and the rate of post mortem glycolysis or other related 

parameters. Debate sti 11 remai ns as to whether the parameter of 

thyroid function should be measured in the basal (ie 'unstressed') 

state or in the stressed state. Both measurements are important. but 

what is more cruci ali s the i nterpretat i on of the mechani sm at the 

biochemical level. Problems in the control of the environmental 
influence have led to conflicting results. In Large White boars in two 

trials out of three correlations between thyroxine levels at slaughter 

and meat quality parameters were low and not statistically significant. 

whilst in the third trial thyroxine levels at slaughter were negatively 

correlated with LD pH 5 min post mortem (r = 0.55. p<0.05) and 

positively correlated with drip loss (r = 0.63. p<O.Ol). Judge et ~ 

(1968) reported significant positive correlations (p<0.05) between 

thyroid uptake and the time to rigor onset in the Poland China but not 

the Chester White breed. In both breeds radiobound iodine was 

positively correlated (p<0.05) with muscle lactic acid immediately post 

mortem. Thyroxine levels in slaughter blood were higher in pigs killed 

after an overnight 1airage (Moss & Robb 1978) and may be explained by 

decreased peripheral conversion of T4 to T3 during fasting (Merimee & 
Fineberg 1976). Fasting pigs for 24 h. however. did not significantly 

affect the circulating T4 levels in blood samples obtained by biopsy 

(Moss 1984). 
Literature reports indicate a diurnal rythmn in thyroid function 

in humans related to activity patterns (Nicoloff 1970a.b). A similar 

relationship appears in young pigs in that a pre-feeding rise in 

thyroxine excretion occurred whether or not pigs were fed (Moss & 

Jordan 1980). Thus thyroid function may alter in relation to some 

conditioned response even when the stimulus for that response is 

removed. Such conditioning will have a marked effect on the measured 

relationship between thyroid function parameters and meat quality. 

In the clinical approach parameters which are used to diagnose 

clinical hypo- and hyper-thyroid states have been applied to study 

thyroid function in pigs. Thyroxine circulates in the blood stream 

bound to protein. thyroid binding globulin (TBG). and it is only the 

unbound or free thyroxine (FT4) which is considered to be 

physiologically active. Techniques have been made avai 1ab1e recently 
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to measure FT4 levels directly on a routine basis in clinical 
diagnostics (Bordoux et al 1982), prior to this an indirect method to 

measure the free thyroxine index (FTI) was used. 
The indirect method is based on the principle that 

triiodothyronine (T3) will bind to the unoccupied binding sites on TBG 

without displacing bound T4 (T4-TBG). From the equation below it can 
be seen that the number of unoccupied binding sites, ie those available 

for T3 binding, depends on (1) the amount of TBG and (2) the 
equilibrium between T4 and TBG. The results of T3 binding are 
expressed as a ratio and confusion may arise as some methods use the 
proport i on of radi 01 abe 1 bound to the serum, whi 1 st others use the 
proportion bound to the separating medium (eg charcoal, resin, 

sephadex). The T 3 bi ndi ng methodology and free thyroxi ne index has 
been revi ewed by Evered et a 1 (1978). The 'T 3 uptake ratios I gi ven in 
table 2 were determined by the method of Herbert et al (1965) in which 

lower 'T 3 uptake rat i os I i ndi cate 1 ess unoccupi ed sites, the free 
thyroxine index was calculated as total T4/T3 uptake ratio. 

at equil i bri urn 

T 4 + TBG ~ T 4 - TBG 
(bound T4) 

k [T4][TBG] 

[T4 - TBG] where k = equilibrium 
binding constant 

Although an indirect measure of FT4, the FTI was designed 
essentially to assess thyroid function in pregnancy when total T4 
levels could be abnormally high but due to increased production of TBG 
there was no increase in the physiological activity at the target area 

(ie cellular or subcellular level). 
Problems exist in the use of clinical tests in animal studies and 

careful evaluation should be made to test the relevance of such tests. 

A prime example of misuse being the application of an FTI type 

diagnostic kit in poultry where T4 is only loosely bound to albumin 
(Falconer 1971) and also in the same species a possible overestimation 

of T4 if a competitive protein binding technique is used with cross 

reaction for T3 (Moss & Balnave 1978) since T4/T3 ratios are lower in 
poultry than in humans (Sadovsky & Bensadoun 1971). In the studies of 



57 

Moss & Robb (1978) and Hall et al (1975) the same technique was used to 

measure FTI with higher values indicating greater free thyroxine, 
however, other workers have used the inverse re 1 at i onshi p (Evered et 

al 1976). Hall, Lucke & Lister (1975) found that both total T4 and FTI 
increased as a response to halothane anaesthes i a, whil st Moss & Robb 

(1978) found increases in T 4 and FTI after overni ghtl ai rage which, 
associated with decreased cortisol levels, was considered a less 
stressful situation. In both of these cases it seems unlikely that TBG 
levels could change markedly in the time scale of response, however, 

part of the increase in FTI could be accounted for by the displacement 

of T4 from binding proteins by free fatty acids which may also increase 
under the stress conditions. 

In preliminary studies Pietrain pigs were found to have low 

thyroid uptakes (Moss 1975) and is in agreement with similar reports by 
Judge et al (1968). The time of measurement of radioactivity in the 
thyroid gland after the administration of the dose is a critical factor 
(Moss 1975). In clinical diagnostics an index (T) based on the 

excretion of radioiodine during uptake studies has been used. This 'T' 
index has not been used extensively on pigs but Lister (1976) suggests 
that the major difference between Pietrain and Large White pigs may be 

in the greater excretion of radioiodine in uptake studies. This could 
be explained by lowered uptakes and/or greater secretion rates 
accompanied by lowered recycling on the basis of the kinetic model in 

Fig l. 
Several methods may be used in the pharmacological approach eg use 

of goitrogens, thyroidectomy with or without replacement therapy, 
destruction of the thyroid gland wlth high doses of radioiodine 
administration. Topel & Merkel (1966) found that goitrogens produced 
hypertrophy of the thyroi d gl and but on ly a proport i on of those pi gs 

fed methylthiouracil developed PSE. Since the goitrogens effectively 
reduce iodide trapping and conversion to T4, adaptive hypertrophy may 
occur in such situations and the resulting thyroid status may be one in 

which T4 levels after goitrogen treatment are similar to pretreatment 
levels but there is increased TSH secretion. Fischer (1974) comments 
on the feedback mechanisms involved in thyroid function. Ludvigsen 
(1968) found goitrogens to increase PSE and the administration of 

iodocasein and thyroxine to reduce PSE. Ineffective trapping of iodide 

may be the explanation of the results. 



S8 

Fi g. 1. Compartmental model for the study of thyroi da 1 i odi ne 
metabolism 

THYROID 

Inorganic 'I' Organic 'I' 

u 

BLOOD 

Inorganic 'I' Organic 'I' 

h 

URINE 

Inorganic 'I' Organic 'I' 

Kl - rate constant for uptake into thyroid gland 
K2 - rate constant for excretion of inorganic iodide 
K4 - rate constant for secretion of hormone 
K5 - rate constant for excretion of organic iodide 
K6 - rate constant for breakdown of organic iodide 
u - amount of radioiodide in thyroid gland 
q - amount of inorganic radioiodide in plasma 
h - amount of organic radioiodide in plasma 
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The bi ochemi ca 1 actions of thyroi d hormones have been estab 1 i shed 

at the cellular level (Tata 1967) where the sequence of events appears 

to be stimulation of synthesis of RNA, stimulation of synthesis of 

mitochondrial proteins, synthesis of key enzymes and corresponding 

increase in metabolic rate. The short term effects of thyroid hormone 

appear not to be related to synthesis of mitochondrial proteins (Bronk 

1967; Chen & Hoch 1977) but to act i vat i on of the bC1 complex and 
possibly stimulation of succinate dehydrogenase (Verhoeven et al 1985). 

In laboratory animals thyroxine has also been shown to have an effect 

on the fibre type distribution, with greater activity of myosin ATPase 

in hyperthyroid animals (Ianuzzo et al 1978). Hyperthyroid animals had 

greater succinic dehydrogenase and glycerol phosphate dehydrogenase 

activity in the muscle fibres. Differences in fibre type distribution 

occur in stress susceptible breeds of pigs (Didley et al 1970; de Bruin 

1971; Sair et al 1970). It is therefore possible that these fibre type 
differences may reflect differences in thyroid function. 

An excitable nature is a typical feature in clinical 

hyperthyroidism and therefore it seems relevant to consider the role of 

thyroid function in relation to behaviour and how this might be related 

to stress sensitivity. Rats have been selected for emotionality on the 

basis of the open field test (Hall 1954). Such selected strains of 

emotionally disturbed rats have been observed to have hyperthophied 

thyroid glands, lower thyroid uptake values and higher pituitary TSH 

activity, and treatment with propylthiouracil produced typical signs of 

increased emotionality in these animals (Feuer & Broadhurst 1962a,b,c). 

Nevertheless these workers considered the emotionally disturbed rats to 

be hypothyroid relative to non emotional animals. These differences in 

thyroid function between emotional and non emotional rats are similar 

to those reported between stress susceptible and stress resistant pigs 

where the suggestion of hypothyroidism in stress susceptible strains 

has also been made (Ludvigsen 1968; Judge et al 1968). It has 

previously been suggested that stress sensitivity in pigs may be 

equated with emotionality in laboratory species (Moss & Robb 1978). 

Further support for this is given by the fact that the male laboratory 

species are more emotional than females, and that the differences in 

T4 level between boars and gilts, is in the same order as between 
Landrace and Large White pigs (Moss & Robb 1978). Preliminary 
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Fig 2 Urinary ratio in Pietrain and Large White pigs. 
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i nvesti gati ons suggest that sex differences in other parameters of 
thyroid function may also occur (see Table 2). 

Problems relating to the application of clinical or pharmacological 

approaches to thyroid function may be explained if detailed 
physiological studies of thyroid function are undertaken. Such studies 

are time consuming but are essential to the valid application of more 
rapid or simple tests. The major disadvantage of the physiological 

approach is that animals may have to be catheterised and restrained in 
metabolism cages, a situation which may be difficult to relate to 
production practices. 

Most physiological studies involve the measurement of turnover 

rates using isotope techniques. Thyroxine secretion rate may be 
measured by external scintillation counting of the thyroid gland. Such 
an approach by Bodart & Francois (1972) showed that stress sensitive 
breeds had faster thyroxi ne secretion rates. Thyroxi ne uti 1 i sat ion 

rate may also be measured directly by the rate of loss of isotopically 
labelled thyroxine (usually 125I_T4 ) from the blood circulation, half 

lives of T4 using this technique have been calculated in the range 1 to 
2 days for pi gs, whi ch is much shorter than those inhuman stud i es. 

Thyroxine secretion and utilisation rates may also be measured 
indirectly using a dual labelling technique which in human studies had 
been shown to be a sensitive indicator of thyroid function (Nicoloff 
1970). The technique as described by Nicoloff (1970a,b) involves 
simultaneous administration of radiolabelled sodium iodide (eg 1311) 
and radiolabelled T4 (eg 1251) and determining the ratio of the two 

isotopes in the urine. Initial studies using this approach (Moss & 

Lister - unpub 1 i shed observations) showed that although the shape of 
the resulting curve in pigs was similar to humans the time scale was 

different (see Fig 2). According to Nicoloff (1970b) the gradient of 
the release slope can be increased by TSH administration and is greater 
in the hyperthyroid state. In a study involving 6 LW boars a similar 

approach to Nicoloff was used except that the administration of 
125I_T4 was delayed until 4 days after Na131 I administration. In this 

situation the minimum ratio was reached earlier, gradients of the 

release slope were inversely related to EEL (colour) values (r = 0.89 
p<0.05) and drip loss (r = -0.64 NS) as shown in Fig 3. 

To interpret these above results further it is necessary to 
consider the kinetics of thyroidal iodine metabolism. Several 
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Fig.3 Relationship between Urinary Release Slope and EEL values 
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compartment a 1 models have been proposed (Oddi e 1949; Riggs 1952) the 

one shown in Fig 1 is based on that by Brownell (1951). Using the 

compartmental model of Fig 1 an equation relating the amount of 

radioiodine in the thyroid gland after intravenous injection of Na131 I 

can be obtained. 
k 00 
1 U = ___ _ 

or if u is expressed as the percentage of dose administered 

U 

Theoretical uptake curves drawn from these equations are shown in 

Fig 4a and 4b and it is evident that only in the case when the 
difference between individuals is due to plasma clearance rate (k1+k 2) 

will thyroid uptake measurements discriminate between them in the early 

period post mortem. At later times (10 to 40 h) the measured uptake 

(U%) decreases with increased T 4 secret i on rate and the time to peak 
decreases and U% increases with increased rate of thyroi da 1 i odi ne 

trapping. 

If recycling of radioiodine occurs then the slope after the 

maximum will be less than the true secretion rate. Brownell (1951) 

proposed the following relationships to account for this:-

I 

U = UO e-k 4t 

where UO theoretical maximum uptake 
I 

k 4 apparent secretion rate 

from this the following relationships can be derived 

I 

k 4 = k4 (l-Er) where Er k1 

provided the rate of organic iodide excretion is small 
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Theoretical Thyroid Uptake calculated from Compartmental Model 

Fig.4a Alterations in Secretion Rate (K 4 ) 
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Fig.4b Alterations in Uptake Rate (K,) & Excretion Rate (K 2 ) 
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Using the above approach various kinetic parameters relating to 

thyroidal iodine metabolism were calculated. Pietrain pigs appeared to 

have a rapid initial release phase in the first 24 h after radioiodine 

administration and thus two secretion rates were calculated the first 

for the period up to 24 h and the second for the period after 24 h from 

the time of administration of radioiodine. The main difference between 

the breeds was the higher plasma clearance rate (k1+k 2) lower uptake 

rate (k1) and higher excretion rate (k 2) in Pietrain pigs. 
Thi s revi ew has not covered a 11 aspects of thyroi d function in 

relation to PSE, the relationships between thyroid function and adrenal 

medulla (Harrison 1964; Melander & Sundler 1972) and adrenal cortical 

function (Peterson 1958; Beale, Croft & Powell 1973) must also be 

considered. There are differences in thyroid function between stress 

sensitive and stress resistant pigs but the descriptions hypo- or 

hyperthyroid should not be used. Differences in thyroid function can 

be explained however by consideration of the kinetic parameters where 

it appears that in stress sens it i ve pi gs the rate of excret i on of 

i odi ne (k2) is greater and the rate of uptake lower (k1). Thus if a 

stress situation requi res increased thyroxi ne secretion or increases 

utilisation these demands cannot be met. Such an hypothesis could 
explain the larger thyroid glands of stress sensitive pigs and the 

lower T4 values reported for stress sensitive pigs. Further studies on 

the kinetics of thyroidal iodine metabolism and how this is affected by 

other endocrine systems and both long term and short term stressors 

needs to be undertaken to fully understand the role of thyroid function 

in the aet i 01 ogy of the PSE condition. It is also important to 

understand the adaptat ion in thyroi d function that may occur due to 

long term stressors. 
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The role of the endocrine system in stress-susceptibility in pigs is 
discussed against the background of seventy-five years of results of the 
Danish Landrace progeny testing system. Since 1910, selection of the 
bacon type of pig favoured heavy nuscling and low feed cost. Feed intake 
was reduced from 3.77 feed units per kg of live weight gain in 1910 to 
2.65 in 1985, and thickness of backfat was reduced from 4.5 to 1. 7 ern. 

Changes in l:ody composition are nediated within wide limits through 
changes in the antagonistic interplay l:etween hornones. There is 
substantial evidence that selection of heavy nuscled pigs on feed 
conversion results in increasing activity of growth hornone (STH). This 
stimulates protein synthesis and deposition and the antagonistic effect 
of STH on the activity of TSH and ACI'H, which are irrportant hornones in 
the adaptive capacity to strain situations, such as transportation. 

Investigations in the 1950s revealed that reduction of the death rate 
in transport and lairage caused an increase in the incidence of pigs 
condenmed at slaughter for nuscle degeneration (PSE). The effects of 
thyroid active substances, iodinated casein, iodinated histidine and 
thyroxine, on the quality of tinned ham indicated that specific compounds 
of thyroglotulin, not involving thyroxine, nay control the tuffering 
capacity of skeletal nuscles, preventing the critical drop of pH during 
lactic acid fornation. Changes in the electrophoretic pattern of serum 
proteins in stress susceptible pigs during handling or transport reflected 
the profound metabolic effects these anirrals are exposed to. 

INTRODUcrICN 

Since the provisions for the inprovement of the Danish Landrace 

bacon type pig were franed early this century, the overall criterion for 

the selection of breeding stock was inprovement of feed conversion rates 

concomitantly with reduction of fat content of carcasses, as measured by 

the thickness of the backfat. The ongoing selection of breeding stock was 

based on inproved perforrrance of litter nates as conpared to the average 

feed conversion rate of pigs at the progeny testing station in the same 

season of the year. The conversion rate inproved from 3.77 feed units per 

kg live weight gain in 1910 to 2.65 in 1984, and the thickness of backfat 

decreased from 4.5 ern in 1930 to 1.7 ern in 1985. During the seventy-five 

years of organised selection, adjustments of the test meals have been 

inevitable with increasing knowledge of the nutritional requirements of 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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the growing pig, especially the inpJrtance of vitamins and minerals. The 

basic test diet (3 kg acidified skim milk daily, barley according to live 

Vleight and supplerrentation with vitamins A and D) was not changed from 

1928 to 1970, when skim milk was substituted by soybean neal, macro- and 

microminerals and vitamin supplerrentation adjusted to requirerrents. 

Systematic selection for increased protein deposition at the expense of 

fat is primarily expressed as an increase in skeletal muscle volurre. 

Pietrain and Belgium Landrace pigs are typical exanples of short pigs with 

voluminous fore- and hindquarters, whereas in Danish Landrace pigs the 

greater l:x:Jdy length influences the size and appearance of the hindquarters, 

which do not look heavily muscled. As the ratio of protein to water in 

skeletal muscles is around 27/73 and the fat to water ratio in adipose 

tissue is 90/10, less food is required to produce 1 kg of muscle than 1 kg 

of fat. The decrease in feed units per kg of Vleight gain from 3.77 to 

2.65 over seventy-five years justified the use of feed conversion rates 

for selection in heavy muscled pigs. 

In 1954 neat quality was incorporated in the progeny testing 

programme using a subjective scale for the evaluation of colour and 

consistency (Table 1) . 

TABLE 1 The subjective scale used to evaluate pork colour and 
consistency that was incorporated in the Danish progeny testing 
programme in 1954 

Score 

0.5 
1.0 
1.5 
2.0 
2.5-3.0 
3.5-4.0 
4.5-5.0 

Pork COlour and Consistency 

Gray, sane colour as boiled neat, very rroist surface 
Very pale, pinkish rroist surface. 
Pale, pink, slightly rroist surface. 
Slightly paler than desirable, alrrost dry surface. 
Ideal red colour, dry surface 
Slightly darker than desirable, dry surface. 
Very dark and dry surface 

A score of 0.5 to 1.5 indicated various degrees of PSE and 2.0 a 

slightly inferior quality. Instrurrents to neasure neat quality directly 

did not exist, and although objective neasurements of neat quality are 

preferable, the subjective scale becane quite useful in the evaluation of 

the frequency of PSE in the progeny of boars. An exanple of colour and 

structure grading of a selected strain of stress susceptible pigs (LAB) 

used in the early PSE experirrents (Ludvigsen 1954) and the offspring of 

boars from the sane breeding centre is shown in Table 2. 



TABLE 2 An example of colour and structure grading at progeny 
testin9: in Denmark. Pi9: strain LAB were stress susceEtible 

Subjective scores Backfat Live weight gain 

No. of 0.5-2.0 2.5-4.0 (em) (FtJjkg) 
Ei9:s 

LAB 18 100% 0% 2.80 3.35 
Boar I 16 62.5% 37.5% 3.15 3.08 
Boar II 20 25% 75% 3.40 3.35 
Boar III 124 53.2% 46.8% 3.25 

Offspring from roar I were especially recomrended for breeding 

because of the favourable feed ::onversion rate and backfat thickness. 

Pork quality was neasured to cCJITply with governrrental neat inspection 

orders to condemn pigs suffering from 'llliscular degeneration' of unknown 

origin, and pigs having a lxxly terrperature lOC arove normal at slaughter. 
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The percentage of condemnations from 'llliscular degeneration' of 

unknown origin, which is identical to the PSE condition, and death losses 

in transport and lairage from malignant hyperthermia was studied from 1948 

to 1953 at a bacon factory (Ludvigsen, 1954). 

TABLE 3 The percentage of carcasses condemned for 'llliscular 
degeneration ' (PSE), and the percentage of death losses (PSS) in 
transport and lairage, at a Danish bacon factory from 1948 to 1953 

1948 1949 1950 1951 1952 1953 

Condemnations 0.19 0.20 0.25 0.34 0.52 0.57 
Transport 0.10 0.06 0.04 0.02 0.02 0.03 
Lairage 0.14 0.06 0.03 0.02 0.01 0.02 

Total 0.43 0.32 0.32 0.38 0.55 0.62 

Losses in transport and lairage dropped rapidly from 1948 to 1949, 

because of enforced restrictions on the loading density during transport, 

the death rate remained fairly constant from 1950 to 1953. Transport 

regulations had a marked effect on the survival of pigs in transport and 

lair age and thus contri1:uted to an increase in condemnations for PSE, the 

increase in condemnations after 1950 exceeded the reduction in casualties. 

An obvious reason for the increase in PSE was the enhanced selection for 

neatiness, because of market demands for lean pork, which is still a major 

consurrer requirerrent. 
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Endocrine pathophysiology in stress susceptible pigs 

Metal::olic, genetic and other aspects of the porcine stress syndrorre 

were reviewed in a recent publication (Ludvigsen 1985a). The importance 

of the halothane test in future research was enphasised, as stress 

susceptibility and its close linkage with malignant hyperthermia will be 

of increasing importance to the pig industry, as long as the genetic trend 

runs towards leaner pigs. Unfortunately, the halothane test was not 

available to test stress susceptibility in the early fifties, when 

experinents to derronstrate the influence of the thyroid in the pathogeny 

of PSE were perforrred. It was, however, quite evident that the strain of 

pigs used in the experinents were prone to malignant hyperthermia, because 

of their clinical reactions to physical strain, such as running 

(Ludvigsen, 1957), being IlOVed around in balance experinents ('cage shock'), 

and being transported. Very often pigs from that strain developed 

clinical syrrptoms of cyanosis and anoxia in the balance cages. 

Previously unpublished observations show how serious physical strain 

may effect the percentage distrll:ution of serum proteins in the circul

ation (Table 4) . 

TABLE 4 Percentage distribution of serum proteins in five 
nonnal pigs and in malignant hyperthermia (MH) type pigs under 
various strain conditions 

Alh.unin a 1 +a 2 8 1 13 2 Yl + Y2 

Normal pigs Mean 50.9 16.7 3.4 11.3 17.7 
SD 1. 78 1.07 0.59 0.82 1.10 

MH type pigs after 'cage shock' and 
anorexia 

Pig No. 43 6/1 28.8 24.9 4.9 14.9 26.9 
13/2 35.6 22.0 4.5 12.2 25.8 
1/4 39.5 22.0 6.1 14.6. 17.9 

Pig No. 45 6/1 26.0 36.3 7.7 14.6 15.5 
13/2 48.8 18.8 4.5 13.6 14.4 
28/4 36.3 16.8 4.7 11.8 30.4 

Pig No. 41 13/2 44.1 19.6 5.9 10.7 19.8 
28/4 38.9 21.4 6.1 13.0 20.8 

MH type pigs before and after transport 

Pig No. 42 Before 50.5 21.5 3.5 10.1 14.5 
After 37.5 34.4 3.7 11.2 13.4 

Pig No. 44 Before 52.4 21.1 4.0 10.4 12.3 
After 47.2 21.6 4.6 10.3 16.5 



In episodes of stress there was obviously a marked change in the 

electrophoretic pattern of serum proteins. As a percentage of total 

circulating proteins there was a marked drop in all::mnin, an increase in 

(\ +a 2 and 81 , a variable increase in 82 and Y 1 + Y 2' IlOst pronounced in 

pigs after 'cage shock'. 

The electrophoretic pattern in the drip from a PSE M. longiss.inu.ts 

dorsi is shown in Table 5. 

TABLE 5 Percentage distril::ution of extracellular proteins in 
the drip from a PSE M. longiss.inu.ts dorsi 

All:llinin a 1 +a 2 8 1 8 2 Y 1 + Y 2 

5.3 8.8 15.3 20.0 50.9 
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A1:x:mt fifty percent of the extracellular pLotein belonged to the 

glol::ulin groups. The variable increase in protein fractions in blood serum, 

apart from all:llinin, may reflect an absorption into the blood stream from 

the extracellular protein fraction present in transudates from nuscle cells 

in acute stress reactions. 

The role of the thyroid 

Selection for heavily nuscled pigs results in a gradual change in 

horrronal hOlreOstasis in favour of the anabolic horrrone systems at the 

expense of the catabolic systems. The beneficial effect of thyroid active 

substances on skeletal nuscle colour and structure is obviously a result 

of a st.inu.tlating effect of the thyroid horrrone on the l::uffering capacity 

of nuscle tissue, preventing the critical drop in pH during the formation 

of lactic acid in the anaerobic phase of nuscle contraction. The thyroid 

horrrone may also be involved in the reaction to halothane, delaying the 

onset of nuscle rigidity in halothane positive pigs (Ludvigsen, 1985b). 

The effect of various thyroid horrrone substances on the quality of tinned 

ham is shown in Table 6 (Ludvigsen, 1954 and 1955) . 

The hams of PSE prone pigs fed iodinated casein preparatiOns A and B 

had a Significantly better colour and structure than the controls, which 

~e of an unacceptable quality. The inproved quality of the hams from 

pigs treated with iOdinated casein was also evident in the reduced weight 

loss during curing and pasteurisation of the hams. 
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TABLE 6 Organoleptic evaluationl of tinned ham from PSE prone 
pigs fed caupounds with thyroid hornone activity 

Treat:rcent n Colour Structure Taste Weight loss 
during curing 

% 

I 0 A2 20 
b b b 

13.4 3.40b 3.S0b 3.l8b 
I 0 B3 20 2.70 2.S0 2.47 13.2 
I H4 10 2.00a 2.l0a 1.87a 13.7 
Thyroxine 10 1.20a 0.90a O.60a l4.S 
Controls 20 0.90a 0.70a O.7Sa lS.8 

1 The evaluation scale used to assess the colour, structure and 
taste of the tinned hams was: 

6, superb is, very good i 4, good i 3, acceptable i 

2 

2, pale or two-toned colour, dry structure, inferior taste i 
1, nostly pale in colour, dry or stringy structure, inferior 
taste; 0, PSE. 

Iodinated casein preparation A 

3 Iodinated casein preparation B 

4 Iodinated histidine 

a,b 
Mean values with different superscripts are significantly 
different (P < 0.05) 

Because of the difference in their effects, the two iodinated 

casein preparations were examined by the carron dioxide production of 

mice fed the corrpounds. Preparation A increased the rretaOOlic rate by 

0.4%, whereas preparation B increased the rate by 26.9%. The difference 

indicated that the effect on muscle structure of preparation A with the 

very low rretarolic effect seerred not attributable to thyroxine, but to 

serre other thyroglol::ulin corrpounds. This was supported by the results 

of feeding thyroxine, which had an inSignificant effect on the quality of 

the ham. Iodinated histine improved colour and structure corrpared to the 

controls as well as the thyroxine treated pigs. Reviewing the literature, 

Mitchell and Heffron (1982) concluded that high as well as low thyroid 

activity could lead to PSE. In a study of nine patients to determine 

their susceptibility to malignant hyperthermia, Carrpl:ell et al (1981) 

found that the fasting concentrations of serum thyroxine of the control 

and experirrental groups were very similar when resting, whereas when 



exercised the thyroxine concentration of the control group increased 

significantly vmile that of the MIl group did not. 
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Conflicting evidence in the literature al:out the role of the thyroid 

may result from data produced vmere the physical conditions of the 

experi.rrental animals are not catparable. Jensen and Barton-Gade (1985) 

shovro that average daily live weight gain of pigs from 25 to 90 kg live 

weight was 699 g for halothane genotype NN (horrozygous negative) and 659 

and 660 g for genotypes Nn (heterozygous) and nn (horrozygous positive) 

respectively, and EikelenJ:xx:m et al. (1976) found higher growth rRtes for 

non-susceptible than for susceptible pigs fed ad libitum. 

Preliminary results in a study of the rretal:olic pattern in Danish 

Landrace halothane positive and halothane negative male pigs at 90 to 

100 kg live weight are given in Table 7. 

TABLE 7 Heat expenditure (KJ/hour) +during heat stress in 
Danish Landrace halothane positive (H ) and halothane negative 
(H-) pigs 

Tine of day 

Room temperature 
+ H (n=4) 

H- (n=6) 

9-10.00 10-11.00 11-12.00 12-13.00 13-14.00 

1035 
871 

1150 
786 

The pigs were brought into the respiratory chambers at 07.00 hours. 

Although rested, the H+ pigs had a higher heat expenditure than their H

littermates. With increasing room terrperature up to 400 C, heat expenditure 

of the H + pigs increased rrore rapidly than that of the n pigs, and heat 

expenditure dropped faster in the rr pigs. At l3-l4.00 hours the heat 

expenditure of the H + pigs Ii\'aS still higher than that of the rr pigs, 

although below that at 9-10.00 hours. That H+ pigs had a higher heat 

expenditure than rr pigs explains the observations of Jensen et al. (1985) 

that halothane positive pigs have a lower daily weight gain on the sane 

amount of feed than halothane negative pigs because of a higher heat loss. 

However, the higher heat expenditure of H + pigs does not harrronize with a 

reduced thyroid activity. The H + pigs in the respiratory trials were rrore 

exitable and nervous than the n pigs, and rruscle trerror, especially in 

the tail rrusc1es, was a fairly constant syrrptom. The higher heat 

expenditure of H + pigs may well be a syrrptom of latent excitability and 

rruscle tremor vtlich inevitably leads to increased heat loss. 
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The role of the adrenals 

The hornones of the adrenals are also inpJrtant regulators of 

adaptation. Optimal activity of the adrenal cortical hornones is 

indispensible, especially in the acute phase of a strain situation, to 

prevent a circulatory collapse which may re fatal. Pigs that are prone to 

PSE and especially MH are highly susceptible to circulatory collapse and 

may respond positively to adrenal cortical steroid treatnent in acute 

circulatory failure. Heffron and Mitchell (1982) concluded that it is 

likely that cortisol is deficient in PSE and MH. An adrenal cortical 

insufficiency, although not considered essential, may facilitate the onset 

of the syndrorre. 

Camprell et al. (1981) found that MH patients had a significantly 

lower serum cortisol than controls after food and exercise although not 

while resting and fasting. As vvell as conflicting evidence on the 

inportance of the thyroid in stress susceptibility, the sane obviously 

applies to the role of the cortical steroids. Concerning the neasurerrent 

of circulating concentrations of hornones, it should re rerrernl::ered that in 

episodes of PSS hornones may not reach the target organs recause of 

circulatory barriers. 

CffiCLUSlffiS 

Selection of the Danish Landrace for increased feed efficiency and 

decreased backfat thickness produced a l:orderline change in the hornonal 

balance in favour of anal:olic hornone systems, primarily STH, at the 

expense of the catal:olic hornone systems, primarily the pituitary-thyroid 

and the pituitary-adrenal cortex axes. 

As STH activity is antagonistic to TSH and ACI'H activity, the 

mobilisation of the thyroid and the adrenal cortex may re insufficient 

to neet strain situations. 

Although the results of neasuring the activity of the thyroid and 

the adrenals may seem conflicting, the effect of feeding iodinated casein 

to stress prone pigs on neat quality indicates that thyroid active 

conp::mnds of thyroglobin, other than thyroxine, are essential in skeletal 

rruscle function. Future research should examine interactions retvveen 

hornones, hornone release and rrechanisms of action of hornones on tissue 

rrernbranes and enzyrre systems. Because of continuing selection of pigs for 

neatiness, it is essential for the renefit of l:oth producers and consurrers 



that the link between stress susceptibility and meatiness is broken. 
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Marginal potassium supply results in a highly modified MH syndrome and 
is followed by a reduced KINa ratio in muscle tissue and a linear associa
tion between the KINa ratio and the metabolic acidosis. The results indi
cate a reduced anaerobic metabolism during MH. 

Retention of Na, K, Mg, and Ca is only slightly different in MHS and 
MHR pigs fed the same diet. During low K supply renal potassium conserva
tion is maximized and the partial depletion is a likely result of marginal 
supply as well as increased excretion during repeated stress episodes. A 
negative result of the halothane test in pigs considered susceptible to 
partial K depletion should consequently be interpreted carefully. 

INTRODUCTION 

Stress-induced plasma electrolyte changes are common findings in seve

ral species and are a result of an electrolyte shift from the intra- to the 

extracellular compartment. In particular skeletal muscle, liver and ery

throcytes should be considered as immediate sources for the electrolytes 

and the shift from equilibrium seems to reflect the degree of stress and 

stress-susceptibility of the animal to a high extent (Allen et al., 1970; 

Berman et al., 1970; Lucke et al., 1976; J0rgensen, 1981). 

An extreme situation appears during malignant hyperthermia (Figure 1, 

average of three pigs) where Pi and K increase by a factor of two while the 

raised Ca and Mg levels may reflect a simultaneous haemoconcentration. Si

milar electrolyte changes are found in blood from pigs died during transpor

tation to slaughter (Ludvigsen, 1954). After a reversible stress situation, 

equilibrium may be restored by an increased electrolyte excretion combined 

with a shift from the extra- to the intracelluar compartment. 

Several investigations concerning the causal mechanisms of the porcine 

stress syndrome (PSS) and malignant hyperthermia susceptibility (MHS) have 

produced evidence that modification of transmembrane Ca transport, parti

cularly in skeletal muscle mitochondria and sarcoplasmic reticulum frag

ments, is involved (cf. Cheah & Cheah, 1985). 

Metabolism of magnesium (an antagonist to Ca in some Ca-Mg interactions 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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Fig. 1. Plasma electrolytes during mali gnant hyperthermia in three 
pigs. Zero indicates the time for start of halothane anaesthesia. 

and a synergist in others) is also to some extent involved in stress reac

tions and PSS. Some interactions may be explained by the curarising effect 

of pharmacologically high concentrations of extracellular Mg (Sair et al. , 

1970; Lister & Ratcliff, 1971). Other interactions such as the variable in

fluence of Mg-aspartate on stress in laboratory animals (Mesmer et al., 1981; 

Kaemmerer et aI., 1984) and meat quality and stress- suscept i bility in pigs 

(Schmid, 1981; Schumm, 1982, 1983; Ludvigsen, 1985) are less clear. 

Normal muscle function requires intracellular homeostasis of Na and K 

as well as Ca and Mg. Experimental situations with low potassium supply and 

repeated stress episodes in MHS pigs result in significant modi fications of 

the MH syndrome during halothane anaesthesia (J0rgensen , 1982a, 1983). 

In this paper SIDmeaspects of the metabolism of the above mentioned cat

ions is presented . The experimental procedures have been described in de

tail elsewhere (J0rgensen, 1982a,b, 1985a,b). 

RESULTS AND DISCUSSION 

1. Influence of different diets on MH in MHS pigs 

MHS pigs were separated into control and experimental groups. The ex-
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TABLE 1. Major feed components in control feeds and the casein mix-
ture. 

Feed FUsper Crude Crude Crude Crude 
1 1 1 1 

mixture 100 kg protein fat fibre ash Ca Mg Na K 

U~) (%) (%) (~~ ) 

Control I 102 15.8 3.7 4,6 4.6 6.35 1.25 1. 73 5.32 

Control II 107 19.0 5.0 5.0 7.0 7.61 1. 50 2.34 7.56 

Casein 117 21.6 0.5 0.2 4.7 7.73 0.70 2.95 1.17 

1 
g per FUs 

perimental groups were fed a purified casein-containing diet with an ener-

gy, protein and mineral content as summarised in Table 1. Experimental 

groups were further subdivided in up to three groups where one received 

supplemental potassium and one supplemental lipids to raise daily intake to 

that of the controls. The major results regarding MH initiation, the de

gree of acidosis during anaesthesia, and muscle tissue composition are given 

in Tables 2 and 3. High K comprises controls, and casein + K, while low K 

comprises casein, and casein + lipids. 

TABLE 2. Summary of clinical chemical findings during halothane 
anaesthesia of MHS pigs in relation to high and low K supply. 

Potassium Initiation of Degree of metabolic 

supply MH acidosis 

High Fast « 2 min) Marked 

Low Very slow (9-10 

min, often> 20 Insignificant 

min) 

Animals fed low K diets had a significantly modified MH syndrome, some

times delayed beyond the 20 min limit which was the maximum duration of anae

sthesia employed. Furthermore the metabolic acidosis almost completely dis

appeared. 

Nutritional modifications of MH have previously been reported by March

steiner et al. 1978. In later investigations Mg-aspartate in high doses led 

to a more or less delayed MH syndrome (Kammerlander, 1981; Schmid, 1981, Lud

vigsen, 1985). The cited findings were, however, not as marked as those 
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TABLE 3. M. longissimus dorsi electrolytes and glycogen (mmol/ 
kg) in relation to low potassium supply of MHS pigs. 

Potassium 

supply Na K Ca Mg Glycogen 

High (n = 10) 21.0 106 0.70 12.3 31.1 (n = 

Low (n = 6) 33.2_ 80-. 0.81 13.3l1f 76.8l1f(n = 

6) 

3) 

SO (75 df) 7.5 7.5 0.20 0.77 15.9 (14 df) 

Significantly different from high K supply: lIf P < 0.05, _ P < 
0.01, -. P < 0.001. 

caused by protein deficiency or casein feeding (J0rgensen, 1982a) and it has 

not been established whether the effect of Mg-aspartate is a consequence of 

a very high Mg intake or a direct consequence of the aspartate. 

In the present investigation tissue analyses showed an altered K/Na ra

tio probably as a result of an altered Na/K-ATPase activity, density or di

stribution in the sarcolemma. Furthermore the high glycogen levels among 

low K fed animals strongly suggest that partial K depletion led to protec

tion of the animals from anaerobic glycogenolysis. These findings are oppo

site the ultimate composition of PSE meat where low K and high Na is caused 

by extreme stress susceptibility (Henry et al., 1958). 

Severe K depletion leads to myopathy and muscle weakness (Welt et al., 

1960; Knochel & Schlein, 1972). Severe anoxia during anaesthesia may also 

result in damage to skeletal muscle fibres in swine (Bader, 1985). It is, 

however, not likely that myopathic disturbances are responsible for the 

present findings as glycogen levels were high and plasma creatine kinase was 

not significantly different in low (293 ± 192, n = 3, sd) and high (430 ± 

134, n = 6, sd) K fed animals. 

2a. Electrol~ metabolism in MHS and MHR piqs 

Four MHS and four MHR (presumed to be of the NN genotype) were subjec

ted to 72 h balance studies before and after three weeks of low potassium 

supply. Feces and urine were sampled twice daily and the pigs were subjec

ted to only one anaesthetic episode to identify their phenotype with respect 

to MHS. Daily intake, renal excretion, and apparent retention (intake -

(renal + fecal excretion)) as well as plasma and urine concentrations of 

Ca, Mg, Na and K are presented in Tables 4 to 7. 

a) Calcium and magnesium (Tables 4 and 5). Daily intake of these ele

ments was similar in both MHS and MHR pigs fed standard diets. The apparent 
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TABLE 4. Calcium metabolism in 4 MHS and 4 MHR pigs before and after 
3 weeks of low potassium supplementation. Plasma and urine concentrations, 
daily intake from feed, renal excretion, and apparent retention (intake -
(fecal + renal excretion)). 

Concentration Intake Renal excre- Apparent 

(mmol/l) (mmol/kg/ tion retention 

Plasma Urine 24 h) (mmol/kg/24 h) (~~ of intake) 

Before 3 .ll±O. OBlfH 0.7B±0.21ll< 9.1±0.34 0.ll±0.04l1< 49.3±B.9a 
MHS HlI< 

After 3.0l±0.19*H 0.S3±0.12* 7.0±0.3S* 0.10±0.02 42.4±S.B 

Before 2.64±0.06 0.37±0.OS 9.1±0. Bl 0.04±0.0l 36.S±9.3 
MHR lI< 

After 2.SS±0.09 0.31±0.12 7.1±0.24 0.OS±0.03 3B.9±7.6 

Significance level below a figure indicates significance between time with
in genotype. Significance level after a figure indicates significance be
tween genotype at the same time. Students t-test. a: P < 0.1, lI<: P < O.OS, 
H: P < 0.01, lfH: P < 0.001. 

TABLE S. Magnesium metabolism in 4 MHS and 4 MHR pigs before and af
ter 3 weeks of low potassium supplementation. Plasma and urine concentra
tions, daily intake from feed, renal excretion, and apparent retention (in
take - (fecal + renal excretion)). 

Concentration Intake Renal excre- Apparent 

(mmol/l) (mmol/kg/ tion retention 

Plasma Urine 24 h) (mmol/kg/24 h) (% of intake) 

Before 1.OS±0.03lfH 2.32±0.B9* 2.9±0.ll 0.2S±0.10 2B.0±B.6a 
MHS lI< HlI< 

After 1.04±0.07* 0.92±0.30H 1.4±0.oi~ 0.17±0.04a 24.S±4.2 

Before 0.BB±0.02 1. 70±0. 04 3.0±0.26 0.33±0.ll IB.7±4.7 
MHR HlI< lfH 

After 0.94±0.09 1. 2S±0.OB 1. S±O. 04 0.26±0.OS 24.3±7.3 

Significance levels as indicated in Table 4. 

retention, however, tended to be higher in MHS animals. Urinary excretion 

is of quantitatively minor importance. The higher plasma levels, urinary 

concentration, and renal excretion of especially Ca in MHS pigs suggest, 

however, that maintenance of the intracellular equilibrium of this element 

may be impaired in MHS animals, a fact pointing towards a more general alte

ration of transmembrane Ca transport than just in sarcoplasmic reticulum 

and mitochondria of skeletal muscles. During low potassium supplementation 

Mg supply was also low because of a low dietary Mg content. The apparent 
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retention, however, was similar to the initial levels in both groups be

cause of a higher absorption of the magnesium compound given. 

Reaccumulation of Ca in sarcoplasmic reticulum after muscle contrac

tion is tightly coupled with the action of (Ca2++Mg2+)-activated ATPase in 

SR (Stekhoven & Bonting,1981) and Mg is essential for the enzyme activity. 

A similar (Ca2++Mg2+)-activated ATPase is present in the erythrocyte mem

brane from different species and is tightly coupled with Ca transport over 

the erythrocyte membrane (Davis et al., 1982). As this enzyme has been 

associated with malignant hyperthermia in dogs (O'Brien et al., 1984) the 

opportunity ~xists to further characterise the Ca-Mg interaction with re

spect to the (Ca2++Mg 2+)-activated ATPase in MHS and MHR pigs. Such in

vestigations may contribute to clarify the reason why extra supply of mag

nesium preparations, especially as aspartate-HCl, in some situations seems 

to influence mortality and meat quality in a beneficial way (Schumm, 1982; 

Schmitten et al., 1984) while in other situations are of no importance. 

As the activity of the ATPase is regulated by thyroid hormones,investiga

tions of this enzyme may also contribute to a better understanding of the 

role of thyroid hormones in MHS or PSS. 

b) Sodium and potassium (Tables 6 and 7). On the standard diet potas

sium retention in MHS and MHR pigs is similar while Na rentention is high 

in MHS animals. With low K supply the relative retention of K increases 

while that of Na correspondingly decreases to almost zero in both groups. 

The relatively small differences between groups does not seem to explain 

the marked metabolic and tissue changes previously mentioned. During the 

course of low K supply the kidneys gradually compensate for the low supply 

by switching from the normal situation with K excretion and partial Na re

absorption (aldosterone effect) to the opposite with maximum K retention 

and a correspondingly high Na excretion. The electrolyte shift is accom

panied by a doubling of diureses (not shown). The potassium saving mecha

nisms are reflected in the very low urine concentration of the element and 

the Table clearly demonstrates that plasma K level is rather inaccurate 

in predicting the K status of an individual. Urine gives a more reliable 

measure as also found in man (Welt et al., 1960). 

2b. Renal electrolyte excretion in MHS pigs at rest and after halothane 

anaesthesia 

To clarify whether the altered cation composition of skeletal muscle 

is a combined consequence of marginal supply and increased demand of espe-
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TABLE 6. Potassium metabolism in 4 MHS and 4 MHR pigs before and af
ter 3 weeks of low potassium supplementation. Plasma and urine concentra
tions, daily intake from feed, renal excretion, and apparent retention (in
take - (fecal + renal excretion)). 

Concentration Intake Renal excre- Apparent 

(mmol/I) ( mmol/kg/ tion retention 

Plasma Urine 24 h) (mmol/kg/24 h)(% of intake) 

Before 6.3±0.3 57.7±23.B 9.3±0.34a 5.44±0.32 25. 5±1. 7'11; 
MHS 

- 'II; - '!I;'!I;'!I; 'II; -'II; -'II; 

After 5.3±0.5 0.7±0.21'll; 1.4±0.07 0.12±0.04 77.1±B.0 

Before 6.2±0.6 64.6±20.0 10.4±0.92 5.67±0.67 IB.6±3.1 
MHR '!I;'!I;'!I; -'II; '!I;'!I;'!I; *- '!I;'!I;'!I; 

After 4.5±0.4 0.9±0.1l 1.6±0.05 0.14±0.03 76.4±9.4 

Significance level below a figure indicates significance between time with
in genotype. Significance level after a figure indicates significance be
tween genotype at the same time. Students t-test. a: P < 0.1, '11;: P < 0.05, 
_: P < 0.01, '!I;'!I;'!I;: P < 0.001. 

TABLE 7. Sodium metabolism in 4 MHS and 4 MHR pigs before and after 
3 weeks of low potassium supplementation. Plasma and urine concentrations, 
daily intake from feed, renal excretion and apparerit retention. 

Concentration Intake Renal excre- Apparent 

(mmol/l) (mmol/kg/ tion retention 

Plasma Urine 24 h) (mmol/kg/24 h) U. of intake) 

Before 14B±7 23.5±5.0 4.0±0.15 2.44±0.59lt* 21. 5±7 .0* 
MHS - 'II; 

After 145±5 21.0±3.2 4.1±0.21* 3.95±0.31 -B.3±15.3 

Before 14B±1.4 2B.2±5.7 3.9±0.35 3.15±0.37 0.1±12.7 
MHR 'II; a 

After 147±2 24.7±5.5 4.5±0.14 3.6B±0.37 9.0±B.4 

Significance levels as indicated in Table 6. 

cially potassium in connection with acute stress situations, four MHS pigs 

were investigated. The renal electrolyte excretion was measured 0-5 hand 

5-24 h after halothane anaesthesia leading to moderate malignant hyper

termia. The pigs were fed the control diet or the casein diet. As potas

sium conservation was maximum on the casein diet only the results from con

trol fed animals are shown in Figure 2. 

Halothane testing resulted in an almost twice as high excretion of Na, 

K, Mg, and Cl during the first five hours after the test. It is therefore 
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Fig. 2. Electrolyte and creatinine (Cr) excretion 0-5 hand 5-24 h 
after halothane anaesthesia of four MHS pigs. Sodium, potassium, 
phosphorous (Pi), chloride (Cl), calcium and magnesium. * indicates 
that 0-5 h excretion is significantly higher than 5-24 h (P < 0.05). 

likely that MHS pigs - although their electrolyte metabolism during resting 

periods is not significantly di fferent from MHR pigs - due to their respon

siveness to different stressors, are susceptible to mineral depletion where 
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there is a marginal supply of electrolytes of major intracellular importan

ce. Such a situation may appear in unthrifty animals. The same situation 

may appear in very young animals as such animals have a high growth rate 

and an immature enzyme and electrolyte composition of skeletal muscles 

(Widdowson & Dickerson, 1964; J0rgensen, 1981). A negative result of a 

halothane test in such animals should consequently be interpreted with ca-

reo 
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As a pathological condition resulting in higher morta
lity rates from exposure to environmental stressors, the 
porcine stress syndrome (PSS) has obvious implications for 
animal welfare in intensive pig husbandry. There is now good 
evidence to suggest that this condition appears as a conse
quence of an excessive environmental pressure on a sensitive 
animal. Malignant hyperthermia is an extreme exemple of 
individual sensitivity. Although the control of PSS can be 
achieved by breeding programs that consider stress-suscepti
bility as a selection character, this should not deter the 
identification and correction of stressful environmental 
factors in intensive pig husbandry. 

INTRODUCTION 

An animal can be said to be in a state of well-being if 

it is both physically and mentally healthy. Although there is 

still some debate about how to assess the mental experiences 

of animals if they can be studied at all (Dawkins, 1980), 

nobody would argue against the necessity of preventing disea

se, injury and above all mortality in order to ensure animal 

welfare. This means that any pathological condition arising 

from the way farm animals are produced, kept and treated must 

be considered as detrimental to their well-being, independen

tly of its possible association with reduced productivity. 

The case of the Porcine Stress Syndrome (PSS) is interesting 

to consider in this respect since this often lethal condi

tion, that has both idiopathic and environmental determi

nants, has a strong influence on productivity, because of 

increased mortality rates and alterations of meat quality. 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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In this paper, we will first concentrate on the histori

cal aspects of PSS to follow the progressive simplication of 

the concept, before considering how this pathological condi

tion is related to stress. With this information, we will be 

able to determine whether PSS summarizes all the stress 

problems encountered in swine production, and how, by getting 

rid of this condition, we would be able to improve both 

productivity and welfare. 

HISTORICAL ASPECTS OF PSS 

Nearly three decades ago, the attention of pig producers 

was drawn to increasing numbers of unexplained deaths in 

market-size pigs. These deaths occurred in otherwise healthy 

animals, in the absence of any apparent malpractice in 

management and housing. The condition was characterized by an 

acute shock-like syndrome involving increased heart rate, 

hyperventilation, hyperthermia, rigidity of muscles and blood 

acidosis. Death occurred in most cases within a few minutes 

or a maximum of 30-60 min after the beginning of the symp

toms. Autopsies did not reveal any pathognomonic sign besides 

the rapid development of r igor mortis and the paleness and 

oedema occurring in specific muscles, although cases of acute 

myocardial necrosis were sometimes noted. Since the symptoms 

usually developed in pigs subjected to stress associated with 

mixing of animals, transport, physical exercise and exposure 

to high temperature, this condition was termed the porcine 

stress syndrome (Topel et al., 1968). 

PSS soon became the subject of an abundant literature 

because of its close relation with the pale soft exsudative 

(PSE) condition affecting meat quality (see Cassens et al., 

1975 for a review). The main impetus for this research was 

economic. In order to understand the causes of both death and 

alterations in meat quality and to discover preventive or 

curative therapeutics, animal scientists concentrated on 

attempts to find a way to identify animals at risk befcre 

they developed the pathology. Two main approaches were used 

for differentiating stress-susceptible (SS) from stress-
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resistant (SR) pigs. One was based on the study of physiolo

gical and metabolic reactions to heat stress while the other 

was more concerned with responses to physical exercise. In 

the absence of a high enough correlation between either 

thermal or exercise challenge and proneness to PSS and PSE, 

such research revealed itself to be of no more use than 

comparison of breeds immune or liable to the disease. 

The situation improved considerably when, at the end of 

the sixties, it was observed that pigs submitted to neuromus

cular blocking agents and/or potent anesthetic inhalation 

agents such as halothane, displayed symptoms very similar to 

those of PSS. susceptible animals developed a syndrome of 

Malignant Hyperthermia (MH}characterized by muscular rigidity 

and hyperthermia and they died within a few minutes if the 

anesthetic was not withdrawn. Since halothane-positive 

animals were found to be more likely to develop PSS and to 

give PSE meat, halothane challenge soon became a reliable and 

easy way to assess the stress susceptibility status of 

individuals and to further study their biochemical, physiolo

gical and metabolic characteristics (Sybesma and Eikelenboom, 

1969) • 

Malignant hyperthermia was subsequently shown to be the 

result of a defect in muscle calcium metabolism (see J.J.A. 

Heffron, this volume). This defect is genetically transmissi

ble and is controlled by a single recessive autosomal gene. 

Finally, the so-called "stress syndrome" turned out to be a 

very specific metabolic problem triggered by anyone of a 

large number of environmental stimuli and this outcome raises 

the question of the place of PSS in the gene~al concept of 

stress. 

PSS AND THE CONCEPT OF STRESS 

Since Selye's definition of stress as a non-specific 

reaction elicited by nocuous environmental factors (Selye, 

1936), the main breakthrough has been the recognition of a 

pivotal role for the central nervous system in this reaction 

(Dantzer and Mormede, 1979, 19B3). 
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The response to a given threatening stimulus has several 

components which can be classified under two principal hea

dings : the behavioural response involving the motor system 

and the neuroendocrine response triggering metabolic adapta

tion. The hypophyso-adrenocortical axis (ACTH-glucocorti

coids) and the catecholaminergic systems have been more 

extensively studied but other hormones such as sex steroids 

also play an important role, although we still lack basic 

knowledge about them. The responses to environmental stimuli 

are under control of the brain which, through sensory inputs, 

information processing and body control, is the interface 

between the organism and its environment. 

Behavioural responses to aversive stimuli are tightly 

linked to concurrent neuro-endocrine activation, and this 

shows that the two sides of the response are integrated at 

the highest level. We have termed "brain state" the particu

lar reactivity of an animal, and it can be evaluated by the 

response to a non-specific psychological stimulus such as 

exposure to a novel environment. The "brain state" of an 

animal is strongly dependent on genetic factors. For 

instance, we have observed that in several breeds of Chinese 

and crossbred pigs, basal serum ACTH, glucocorticoids and 

adrenaline levels were highly correlated with behavioural 

reactivity (MOrmede et al., 1984). However, the precise 

genetic analysis of the phenomenon is still open to investi

gation. The "brain state" can also be influenced by early 

exper ience but this aspect is less well understood in farm 

animals (see for instance Dantzer et al., 1983, in calves). 

The stress response is therefore a multi-component 

response and is strongly dependent upon many factors related 

to the animal itself but also to the threatening situation 

(nature and intensity of the stimulus, availability of 

behavioural coping •.• ). The porcine stress syndrome can be 

tr iggered by many unrelated stimuli such as transportation, 

mixing or even sexual activity. Mere psychological factors 

are potent enough to induce PSS. This "syndrome" is therefore 

non specific as far as the initiating stimulus is concerned. 

However, PSS is highly specific if we consider that its 
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occurence is dependent upon the existence of a single gene 

probably controlling the synthesis of a discrete protein in 

the striated muscle membrane. In this respect PSS has 

certainly little to do with stress as a psychophysiological 

concept, but we can still question whether the general 

concept of stress can help us understand PSS and MH. 

PSS AND GENERAL STRESS REACTIVITY 

Many attempts have been made to relate PSS to the 

neuroendocrine and behavioural characteristics of the 

animals. Stress-sensitive strains of pigs have been shown to 

differ from stress-resistant strains in many aspects of their 

hypothalamo-adrenocortical function, such as a low cortisol/ 

ACTH ratio, inability of dexamethasone to inhibit ACTH 

secretion and a high metabolic clearance rate of cortisol 

(Marple et al., 1972, 1974 Marple and Cassens, 1973 

Sebranek et al., 1973). However, no difference could be found 

when animals from the same litter and differing only in their 

sensitivity to halothane were compared (Aberle et al., 1976 ; 

Dantzer and Hatey, 1981 Mormede and Dantzer, 1978). In 

these experiments interbreed differences were by far the most 

important in endocr ine character istics as well as in beha

vioural reactivity (Dantzer and Mormede, 1978). 

Do these results mean that meat quality, PSS or malig

nant hyperthermia are not at all related to stress or, more 

exactly, to the way stress is now conceived? We must first 

emphasize the fact that PSS and MH are probably two overlap

ping but different entities. American Hampshire pigs for 

instance, considered to be stress-susceptible (Marple et al., 

1972), have a low incidence of halothane-sensitive subjects 

(Webb, 1980). This may explain the discrepancies described 

above although various endocrine differences have been 

described between stress-susceptible and stress-resistant 

pigs, MH sensitivity seems to be related neither to endocrine 

nor to behavioural reactivity. However, it is still conceiva-
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ble that the biobehavioural character istics of the animals 

may influence the expression of the malignant hyperthermia 

gene. 

The possible influence of sympathetic nervous activity 

is a good example. The importance of catecholamines in the 

development of MH is still debatable (cf. D. Lister, this 

volume). Although a huge increase of plasma catecholamines 

can be measured during the MH reaction to halothane (Lucke et 

al., 1976 Gronert et al., 1977), this release does not 

appear to be necessary for the development of the syndrome 

(Gronert et al., 1977) but the catecholaminergic reactivity 

of the animal can modulate the intensity of the syndrome in 

pigs (Lucke et al., 1978), as well as the development of 

experimental myopathy in rats (Kuncl and Meltzer, 1977). 

Furthermore, PSS-prone animals were shown to have different 

catecholamine levels in plasma and brain when compared to 

stress-resistant pigs (Altrogge et al., 1980 ; Hallberg et 

al., 1983). Considering the importance of catecholamines and 

glucocorticoids in muscle metabolism and their correlation 

with behavioural reactivity of pigs, it would be worthwhile 

investigating further the importance of basal psychoneuro

endocrine characteristics of the animals of the expression of 

PSS and MH. Genetic engineering could give us such an oppor

tunity in the next few years by introducing the halothane 

sensitivity gene in different biobehavioural backgrounds (A. 

Archibald, this volume). 

CONCLUSION 

The concept of stress in pigs has been initially defined 

on the basis of an increased suscertibility to various stres

sors such as forced exercise or warm exposure inducing shock

like symptoms (porcine stress syndrome) and low quality meat 

(pale, soft and ex udative pork). The halothane test, indu

cing malignant hyperthermia in susceptible animals proved to 

be a very successful approach to PSS but turned out to 

introduce a bias in the study of the stress response. This 

pathological condition has oeen attributed to a primary 
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dysfunction in the regulation of calcium ion movements in 

muscle cells. There is little doubt that the physical health 

of animals plagued with this condition is at great risk, but 

there is no evidence that they are suffering mentally as long 

as the syndrome is not triggered. The important genetic 

component in this syndrome has provided a strong impetus for 

the development of breeding programs incorporating an 

assessment of stress-susceptibility, and they have been 

generally successful indecreasing its incidence in the field. 

However, it must be pointed out that such means should not be 

considered as sufficient and totally satisfactory from the 

point of view of welfare. The improvement in mortality rates 

and in meat quality brought about by selection programs can 

be also achieved by modifying the environment of the animals 

and by decreasing the amount of physical and mental load they 

are subjected to. For example, mortality rates during trans

port can be significantly decreased by improving loading 

procedures, e.g. decreasing the slope of ramps or using 

elevators (see Dantzer and Mormede, 1979, for a review). In 

addition, it is quite likely that the condition is exacerbat

ed by certain aspects of management, such as confinement and 

absence of physical exercise, and also by increased biobeha

vioural reactivity in a number of breeds. within this 

context, PSS can be viewed as a sensitive indicator of a 

management problem in intensive pig husbandry. However, to 

imagine that eliminating halothane-sensitive animals is a 

"cure for stress" (Winstanley, 1979) is at best very naive as 

the search for farm animal welfare must take into account the 

whole range of interactions between the animals and their 

environment. 
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METHODS FOR EVALUATION OF MEAT QUALITY IN RESEARCH AND PRACTICE, 

USED IN MEMBER STATES OF THE EUROPEAN COMMUNITY 

ABSTRACT 

E. Kallweit 

Institut fur Tierzucht und Tierverhalten (FAL), Mariensee, 
3057 Neustadt 1, Fed. Rep. of Germany 

Pork quality is determined in many different ways in EC countries and 
the information obtained is used in breeding programmes, for research and 
for meat marketing and processing. To examine differences in methodology 
a questionnaire was sent to nineteen institutes and the answers are 
summarised and discussed here. A few methods are standardised and give 
comparable results, but others differ in the technique used or time of 
measurement, making comparisons of results between laboratories difficult 
or impossible. So far, meat quality criteria are not used in pig carcass 
grading systems in the EC. 

INTRODUCTION 

In discussing the PSE and DFD problems of pork it is not always clear 

how these extremes are defined or on what measurements they are based. 

Sometimes differences between individuals and/or countries are obvious. 

The aim of this survey was to obtain information on the techniques used 

for determination of meat quality in the EC and how these evaluations are 

utilised. 

Questionnaires were sent to nineteen institutes in the following 

member states: Belgium (B), Federal Republic of Germany (D), France (F), 

Ireland (IR), Italy (I), Netherlands (NL), Denmark (DK) and the United 

Kingdom (UK). Thus the majority of the institutes in the most important 

pork-producing countries of the EC were included. It is, however, likely 

that the list of addresses was not complete. In some instances the 

questionnaire may not have been clear enough or some questions - that now 

seem important having reviewed the answers - were not included. The 

questionnaire is reproduced in Fig. 1. 

In answer to the first question (Why is the measurement performed?) 

only one purpose should have been ticked off, and a new form(s) used for 

any other purpose(s). This was handled correctly by most of the 

respondents. In some replies, however, several purposes were marked, and 

for the rest of the form it was not possible to distinguish which method 

applied to each particular purpose. With this limitation, a summary of 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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Figure 1: 

QUE S T ION N A IRE 

METHODS FOR EVALUATION OF MEAT QUALITY IN RESEARCH 
USED IN THE EEC MEMBER COUNTRIES 

Why is the measurement performed? 

Progeny-, sib-, performance testing for selection 

Quality control in trade - buying 

- selling 

Research 

Where are the measurements taken? 

Commercial slaughter house 

Research slaughter house 

Laboratory 

When are the measurements taken? 

Day of slaughter 
h, min. p.m.: 

Cold Carcass 
h, min. p.m.: 

Which tests are employed? 

pH 

brand, type of instrument, electrode 

Colour brightness 
method: 

Conductivity 

Water holding capacity 

1 Structure, firmness, texture, tenderness 

AND PRACTICE, 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 

o 
o 

o 

o 

o 
o 

o 

o 



Other methods2 

References to the above (add reprints if available) 

At what location of the carcass are the measurements taken? 
(e.g.: LD, 13th/14th rib, homogenate of muscle ....• ) 

How are the results of these tests utilised? 

(e.g.: screening test, part of a selection programme, part of a meat 
quality or selection index, weighing factor, commercial 
purpose etc.) 

Remarks: 

1 Underline; 2 of take extra sheet l necessary 
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the answers received is presented here. 

Answers to the first question indicate that in several countries meat 

quality is measured in the context of breeding programmes, in others meat 

quality evaluation is used for market surveys or in research programmes 

only. In no case was meat quality used regularly as a part of the 

marketing of carcasses or for price determination. 

Breeding programmes 

The meat quality criteria that are applied in test stations are 

summarised in Table 1. Test station pigs are killed in commercial 

abattoirs; in addition in Denmark and West Germany special slaughterhouses 

are available at the station. Preslaughter treatment is clearly standard

ised only in Denmark. In three out of six countries no measurements are 

taken on the day of slaughter (pHl ), whereas measurements at 24 h post 

mortem are the rule. 

The most frequently used trait is the pH value, but colour bright

ness (reflectance, light scattering) is used in several national prog

rammes. Water binding capacity is determined only in France. Visual 

scoring is used in Ireland and the Netherlands. The location of 

measurement is also variable. Measurements may be taken inM. longissimus 

dorsi at the 13th/14th rib, last rib or first lumbar vertebra. In 

addition, one or more ham muscles may be used, and in Denmark a neck 

muscle is also used. 

The use of the results in breeding programmes varies. In France, 

the Netherlands and West Germany an index is calculated which, for example 

in West Germany, is also part of a selection index. Sometimes meat 

quality is recorded but is not considered in the breeding programmes as 

yet (UK). In Ireland, boars for nucleus herds are discriminated against 

if their progeny is predominantly PSE. 

Research and market surveys 

Similar methods for measuring meat quality are used in research and 

marketing surveys (Table 2). Where available, information is presented 

for several institutes within a country. Meat quality measurements and 

assessments were performed in abattoirs in all countries surveyed but 

also in one or more special meat laboratories. Measurements are 

frequently made on the day of slaughter and always on the day after 

slaughter although the time of measurement is variable on that day. In 
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some laboratories additional measurements are made between 48 and 176 hr 

post mortem. 

113 

Of the methods listed (Table 2) pH measurement is most common. The 

other traits are determined by a variety of methods and instruments and 

results cannot be compared directly. The location of measurements within 

the carcass also varies, in M. longissimus dorsi (LD) between the 13th/ 

14th rib (D,B,F), last rib (UK, DK) or first lumbar vertebra (NL). In the 

ham several muscles are used. 

The utilization of the results is variable, depending upon the 

objectives of the work and cannot be described here in detail. Applica

tions include questions of the genetic origin, technical aspects and 

marketing problems including consumer acceptance. 

Methods 

In the case of pH measurement different manufacturers' instruments 

are used, but there was in common the use of combined glass electrodes 

and calibration with buffer solutions of approximately pH 7.0 and 4.0. 

These facts should allow comparable pH values for all laboratories. 

However certain differences need to be taken into account, including 

whether the pH value is obtained in a homogenate or in intact muscle. 

Also the exact time of measurement of pHl is important because this value 

drops relatively rapidly at this time compared to later stages. 

Some other traits and the methods of measurement used are listed in 

Table 3. Colour, for example, is determined by reflectance, light 

scattering,or by visual appearance with-.or without the application of 

standards. Therefore, hardly any results can be compared between research 

groups in terms of direct values. This is a common problem for all traits 

listed in Table 3. 

DISCUSSION 

Originally, visual assessment was the only way of assessing meat 

quality. Even then different schemes were used. With the Danish five 

point scale (0.5 PSE - 5.0 DFD) the optimum meat quality was 2.5 - 3.0, 

while in the German system a score of 5 indicated best meat quality, and 

very pale as well as very dark pork both received low scores. 

When more objective measurements were developed, again a large 

number of different approaches were made. This may be of some advantage 
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in providing a choice of methods under various conditions. 

Definitions of certain characteristics, however, should be more 

standardised. The terms PSE and DFD for example were originally 

descriptive in character. Nowadays, several attempts have been made to 

define these conditions by pHI and pH24 values but the limits used are 

quite different between laboratories and countries. Therefore, the 

proportion of PSE meat found in separate investigations may not be 

comparable. Unfortunately, definitions of this kind were not asked for in 

the questionnaire. Another very important point missing in this context 

is the preslaughter treatment of the pigs. Except in the Danish progeny 

testing scheme, this point is not well defined elsewhere. These two points 

could be the subject of a more general discussion. 

The early postmortem time when meat quality is developing is also of 

great importance. Since meat is never consumed while it is still warm and 

processing usually starts after cooling, it would be acceptable if meat 

quality was determined rather late. Early pH values, however, allow 

conclusions on the final meat quality. If it was possible to measure meat 

quality directly at later stages, early measurements could be abandoned, in 

particular since they can be incorrect if time is not strictly standardise~ 

Standardisation of time may be difficult in a commercial abattoir, where 

many animals are slaughtered per hour. The exception, where early meat 

quality evaluation is needed, is where it is used on a commercial basis as 

part of the grading system. In that particular case the present pH 

measurement seems to be too sensitive. Light scattering or conductivity 

may be better measures; new developments in these areas will occur in the 

near future. 
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ABSTRACT 

Measurements with the automatic Danish meat quality probe allow a rapid, 
direct determination of the water holding capacity of pig meat. The aim of the 
work reported in this paper was to use a material of pigs with known or presumed 
halothane status (positive or negative) to develop methods of combining probe and 
pHZ values to give the most correct estimate of the meat quality in a pig carcass. 

The results showed that halothane positive Landrace pigs often showed both 
PSE and DFD meat within the same carcass and that it was necessary to combine 
probe and pHZ measurements if all positive animals with a poor meat quality were 
to be identified. 88-100% of the halothane positive animals had an unacceptable 
meat quality in this material. 

Halothane positive Large White pigs showed mixtures of PSE and DFD meat 
within the same carcass to a much lesser extent, and in fact were nearly always 
PSE in at least Z of the 3 probe muscles measured. Thus, for this breed, probe 
values alone could identify all halothane positive carcasses and the further 
information gained from pHZ measurements was minimal. In this material 89-
100% of the halothane positive pigs had an unacceptable meat quality. 

INTRODUCTION 

The meat quality estimation used in Danish pig breeding for a number of 

years, the KK-index, was based on a combination of reflectance and pHZ values 

(Barton-Gade, 1979). 

Reflectance values are affected by other factors than water holding capaci

ty, i.e. pigment content and % intramuscular fat, and as meat quality improved 

these factors have become increasingly important in explaining the variation 

found. Work to replace the KK-index with a method which was less sensitive to 

changes in pigment and intramuscular fat content, resulted in the development of 

a probe which gave a direct indication of water holding capacity (Andersen, 

1984). Probe values were found to be independent of pigment content, and when 

the measurements were carried out continuously throughout a muscle, a method 

of calculation could be devised which eliminated to a great extent the effect of 

intramuscular fat (Barton-Gade & Olsen, 1984). Probe values in 3 muscles, 

longissimus dorsi, biceps femoris and semimembranosus have replaced the previ

ous KK-index from July 1985, the results being given as a single index value (see 

below). 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987



118 

The short, considerate, standardised pre-slaughter treatment which Danish 

test pigs receive (Barton-Gade, 1974 - now modified, as all pigs are stunned in the 

COZ-compact equipment), was chosen so that meat quality variation showed up 

mainly as PSE meat. However, a certain (small) percentage of the pigs - those 

presumed most sensitive - still show higher pHZ values than normal. Reflectance 

values were corrected for higher than normal pHZ values in the original KK-index, 

as indeed is the case in meat quality estimations based on reflectance values used 

in other countries (Lundstrom et al. 1979, Schworer, 1980). For practical reasons 

the newly introduced method does net contain any correction for higher than 

normal pHZ values. The aim of the work described in this paper was to use a 

material of pigs with known halothane status (positive or negative) and other 

material (presumed positive) to develop methods of combining probe and pHZ 

values to give the most correct estimate of a pig's meat quality. 

MA TERIALS AND METHODS 

In the period March-June 1983 1179 pigs from two of the testing stations 

were subjected to a halothane test (5% halothane in oxygen for 3 minutes). Each 

litter group consisted of a boar, a castrate and a gilt, and was subjected to the 

normal procedure for Danish progeny test pigs, i.e. ad lib feeding to approximate

ly 90 kg live weight. 

The castrate and gilt were then slaughtered after the standardised pre

slaughter treatment, and the day after slaughter probe values were measured in 

three muscles, bicep femoris, semimembranosus and longissimus dorsi as well as 

ultimate pH values in these three muscles and rectus femoris, semispinalis capitis, 

serratus ventralis and triceps brachii. 

This material was supplemented with further values obtained on progeny test 

pigs partially or wholly rejected for human consumption because of PSE develop

ment on the slaughter line. These pigs are almost certainly halothane positive 

(Barton-Gade, 1984, Jensen and Barton-Gade, 1985). 

RESULTS 

Experimental material - known halothane status 

The frequency of halothane positive animals in the experimental material was 

low, especially for the coloured breeds (Table 1). Duroc and Hampshire pigs were 

therefore not suitable for the purposes of this experiment and were not considered 

further. 
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TABLE 1 Frequencies of halothane positive pigs for the four breeds 

Landrace 

Number tested 360 

% positive 4.7 

Large White 

462 

4.3 

Duroc 

282 

0.7 

Hampshire 

75 

o 

The litters containing halothane positive pigs had greater losses during 

fattening then litters without positive pigs, so that the actual numbers of castrates 

and gilts tested for meat quality was lower than the numbers tested for halothane 

sensitivity. Thus, only 8 of the 12 positive Landrace pigs reached slaughter (l died 

under the halothane test), while 9 of the 12 positive Large White pigs reached 

slaughter. The average probe and pH2 values of these pigs is compared with the 

average values of non-reacting pigs in Table 2. 

TABLE 2 Average values for the Danish automatic rreat quality prote 
and for pH2 in relation to halothane reaction and breed 

Landrace Large White 

Description 
Hal+ Hal-

Signifi-
Hal+ Hal-

Signifi-

cance cance 

Number of pigs 8 147 9 249 

longissimus dorsi 110 68 *** 114 65 *** 
Probe value biceps femoris 73 75 89 75 * 

semimembranosus 85 75 102 77 *** 

longissimus dorsi 5.48 5.46 5.49 5.48 

biceps femoris 5.76 5.61 ** 5.57 5.57 

semimembranosus 5.63 5.51 ** 5.52 5.50 

pH2-value rectus femoris 6.05 5.77 *** 5.74 5.71 

semispinalis cap. 6.19 5.98 * 6.01 5.90 

serratus ventralis 6.29 6.03 *** 6.21 6.10 

triceps brachii 5.72 5.67 5.66 5.64 



120 

Halothane positive Landrace pigs had higher probe values than halothane 

negative pigs for longissimus dorsi only. However, pH2 values were highest in the 

halothane positive group for 5 of the 7 muscles studied. Halothane positive Large 

White pigs had higher probe values in all three muscles compared to halothane 

negative pigs, but pH2 values were not significantly different. Thus, these results 

confirmed that stress-susceptible Landrace pigs show both PSE and DFD meat, 

whereas stress-susceptible Large White pigs seem to show mainly PSE meat. 

The actual frequencies of PSE and DFD meat in the experimental material 

are shown in Table 3. In this Table probe values of 80 and above were considered 

to be indicative of PSE meat, whereas pH2 values higher than the average value 

+2s for 1. dorsi, biceps femoris, semimembranosus and triceps brachii and + Is for 

the other muscles were considered to be indicative of DFD meat (Barton-Gade, 

1981). 

TABLE 3 PSE and DFD frequencies in relation to halothane reaction and breed 

Landrace Large White 

Description Hal+ Hal- Hal+ Hal-

longissimus dorsi 75 22 100 15 

%PSE bicep femoris 25 22 56 20 

semimembranosus 38 26 89 38 

longissimus dorsi 0 2 0 2 

biceps femoris 38 10 0 2 

semimembranosus 25 5 0 2 

%DFD rectus femoris 25 5 0 2 

semispinalis cap. 50 19 33 6 

serratus ventralis 63 10 44 18 

triceps brachii 25 6 0 4 

Halothane positive Landrace pigs had a much higher PSE frequency in longissi

mus dorsi compared to halothane negative pigs, whereas the PSE frequency in 

biceps femoris and semimembranosus were only slightly increased in the halothane 

positive group. Halothane positive Landrace pigs showed however much higher 

DFD frequencies than halothane negative Landrace pigs, so that when the 
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total percentages of PSE and DFD meat were considered, the percentages of 

deviating animals were more or less similar for all muscles i.e. 75, 63 and 63% for 

respectively longissimus dorsi, bicep femoris and semimembranosus. 

Looking at individual animals,one of the halothane positive Landrace pigs was 

normal in meat quality in all muscles measured, two were PSE with normal pH 

values, four were mixtures of PSE and DFD, while one was normal in probe values 

but DFD in so-called "red" muscles (see below). 

The picture was different for Large White pigs, where halothane positive 

animals had much higher PSE frequencies than halothane negative animals for all 

three muscles measured and DFD frequencies were only higher in two muscles, 

semispinalis capitis and serratus ventralis. Looking at individual animals for this 

breed showed none with a normal meat quality. One was slightly PSE with normal 

pH-values, five were PSE with normal pH values and three were mixtures of PSE 

and DFD. 

This result was somewhat unexpected because other work reported in the 

literature (Eikelenboom et al. 1978, Schworer et al. 1980) seems to show that 

halothane positive Large White pigs do not have a poorer meat quality than 

halothane negative pigs. 

Models describing the meat guality of a whole carcass 

The available information to describe the meat quality of a whole carcass 

consists of probe- and pH2-values in three so-called "white" muscles, longissimus 

dorsi, biceps femoris and semimembranosus and pH2-values in a further four so

called "red" muscles. This information must be red~ced to one or two figures, if it 

is to be used in practice. There are several possible methods of doing this. 

Probe values without pH 

It is of interest to investigate the effect of dispensing with pH2 values 

entirely, as the practical work involved in measuring the meat quality in progeny 

test pigs could be reduced considerably. Probe values can either be weighted 

equally or unequally. The present meat quality index used in Denmark uses a 

weighting, where a substantial deviation in one muscle only has a disproportion

ately large effect on the result obtained: 

New meat quality index = 10 - (Probebf-40)2+(Probes-40)2+(Probeld-40)2 
192 

If values within the square root sign come to more than 100, they are set to 100. 
This index is compared with an equal weighting,scaled as described under 

"Probe values corrected for pH': in Table 4. Values below 5.0 are considered 
unacceptable. 
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Table 4 Comparison of two methods of combining three probe values 

Landrace Large White 

Hal+ Hal- Hal+ Hal-

Equal weighting 
average 4.42 6.36 2.41 6.30 

% < 5.0 38 15 89 20 

Present index average 3.37 5.78 2.12 5.79 

% < 5.0 75 22 89 23 

The difference between positive and negative animals was larger with the 

present index than with an equal weighting for Landrace, whereas it was more or 

less the same for Large White. All differences were however highly significant (p < 

0.001). The percentage of unacceptable values showed that an equal weighting of 

probe values could not be used for Landrace, as only 38% of the halothane positive 

animals would be identified as having PSE meat. The reason for this, of course, is 

that halothane positive Landrace pigs have a higher DFD frequency in "white" 

muscles, and muscles with higher than normal pH2 values will have low probe 

values. The unequal weighting used in the present meat quality index seems to be 

much better, and in fact at least one of the three muscles showed higher than 

normal probe values in 6 of the 8 halothane positive Landrace pigs. 

For Large White pigs the percentages considered unacceptable were the same 

irrespective of weighting, which is expected as most halothane positive Large 

White pigs were PSE in at least two of the muscles measured. 

Probe values corrected for pH2 

Probe values will always be low, when pH2 values are higher than normal. 

Thus, some of the halothane positive animals (25% in this material) will have an 

acceptable index, when this is based on probe values alone. Probe values were 

therefore corrected for pH2,as follows: 

The probe value in any given muscle was first normalised, centred and 

standardised, and then transformed to a scale from 0 to 10. The transformed value 

corresponding to probe value 80 (just PSE-meat) was set at scale value 5; 

transformed values corresponding to about 150 (extreme PSE-meat) are set at scale 
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value 0 and transformed values corresponding to about 40 (excellent meat quality) 

to scale value 10. The hyperbolic function tan h was used to make a continuous 

connection between the three points. 

The mean pHZ value in the muscle considered was also transformed to a scale 

from 0 to 10. pHZ values less than the overall mean value for the muscle 

concerned were transformed to scale value O. pHZ values higher than normal, i.e. 

the standard deviation multiplied by Z higher than the overall mean, were 

transformed to scale value 5, and very high pHZ values corresponding to 8 

standard deviation units above the mean were transformed to scale value 10. The 

difference between probe scale value and pHZ scale value yield the final scale 

value for that muscle (Wmuscle).If the pHZ value is not essentially greater than 

the overall mean the probe scale value is decreased very little, whereas a very 

high pHZ-value will result in a large correction and probe scale values will be 

decreased a lot. 

Finally, the data from all three white muscles are combined in the mean 

scale value: 

W index = mean of Wbf,Ws and WId 

This value is compared to the present meat quality index,i.e. probe values not 

corrected for pH,in Table 5. Again values below 5.0 are considered as indicative 

of an unacceptable meat quality. 

Table 5 Comparison of probe index with and without pH correction 

Landrace Large White 

Hal+ Hal- Hal+ Hal-

W-index average Z.99 5.73 1.95 5.46 

% < 5.0 63 Z6 89 39 

Present index average 3.37 5.78 Z.lZ 5.78 

% < 5.0 75 21 89 Z3 

The difference between positive and negative Landrace pigs increased when 

probe values were corrected for pH, but the percentage of animals indicated as 

having an unacceptable meat quality was slightly less than with the present index. 
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For Large White the difference between positive and negative pigs and the 

percentage of animals with an unacceptable meat quality was not affected by 

correcting probe values for pH. 

pH-index for "red" muscles 

Correcting probe values for higher than normal pHZ values does not seem to 

be sufficient for Landrace. It was therefore investigated whether addition of a 

pH-index in "red" muscles could improve matters. There are four mainly "red" 

muscles with pH-values only. The pHZ value in each muscle was first transformed 

to a 0-10 scale in such a way that the average value + 1 standard deviation 

corresponds to 5 and + 4 standard deviations to 10. All pHZ values less than the 

average were set at scale value O. 

pH-index R = 10 - scalerfZ + scalescZ + scalesvZ + scaletbZ 

4 

Any values less than 0 are set to O. 

With this method very high pHZ values in all four muscles will result in an R

value of 0, while normal or low pHZ values in all muscles will give an R-valueof 10. 

pHZ values slightly higher than normal in all four muscles, or two normal pHZ 

values combined with two moderately high pHZ values, will give an R-value of 5. 

The values obtained are shown in Table 6. 

Table 6 pH-index R in relation to halothane genotype and breed 

Landrace Large Whi te 

R-value average 

% < 5.0 

Hal+ 

4.76 

50 

Hal-

7.99 

1Z 

Hal+ 

6.45 

33 

Hal-

8.00 

9 

The difference between positive and negative animals was, as expected, highly 

significant for Landrace (p <0.001) and 50% of the positive animals had unaccept

ably high pHZ values as compared to only lZ% in the negative animals. Even for 

Large White the difference between positive and negative animals was significant 

(p < 0.05) and 33% of the positive animals had unacceptably high pHZ values. 
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Combined probe/pH2-index 

It is now possible to express the information in the whole carcass by 

combining the two values Wand R: 

Combined index = (k1 x W + k2) x (k3 x R + k4) 

The constants are chosen, so that the combined index has a scale from 0-10, 

where 10 is best and 5 is the limi t between an acceptable and unacceptable meat 

quality. The values obtained are shown in Table 7. 

Table 7 Combined index in relation to halothane status and breed 

Landrace Large White 

Hal+ Hal- Hal+ Hal-

Combined index average 2.20 5.04 1. 78 4.87 

% < 5.0 88 44 89 50 

When pH2 values in red muscles were taken into account together with probe 

values corrected for pH, the best separation of positive and negative Landrace 

animals yet seen was obtained, and all positive animals with a poor meat quality 

were identified as such. For Large White pigs the separation between positive and 

negative animals was not improved and the percentage of animals with an 

unacceptable meat quality was the same as before. 

Pigs presumed halothane positive 

The number of halothane positive pigs in the above material was not large and 

to supplement this, pigs with a very rapid PSE development in the period 1983-84 

were considered similarly. These pigs are perhaps not completely appropriate for 

the purposes of this experiment as they can be expected to mainly PSE, but 

previous experience has shown that pigs judged to be PSE on the slaughter line can 

reverse the process and be normal or slightly DFD the day after slaughter. The 

results are shown in Table 8. 



126 

Table 8. Average index values and percentages with unacceptable meat quality 

in pigs presumed halothane sensitive 

Number of animals 

Present index 

W-index 

R-index 

Combined index 

Landrace 

Average 

51 

1.52 

1.22 

8.03 

1.33 

% <5.0 

90 

100 

8 

100 

Large White 

Average 

23 

0.53 

0.50 

8.06 

0.81 

% <5.0 

100 

100 

4 

100 

The results confirmed that the pigs were highly PSE but even so about 10% of 

the Landrace animals showed DFD meat, both in "whi te" and "red" muscles. 

Although the differences between the various index values were not large, indexes 

taking pH into account identified all Landrace animals as having an unacceptable 

meat quality as compared to 90% with the present index. Large White pigs were 

identified as unacceptable whatever the method used. 

DISCUSSION 

Previous work has shown that Landrace pigs are more prone to become DFD 

than Large White pigs, even under the considerate conditions of the standardised 

pre-slaughter treatment (Barton-Gade, 1977). The results of this work confirm that 

Landrace pigs genetically pre-disposed to poor meat quality become exhausted 

more quickly for the same pre-slaughter treatment. Thus, methods which only 

measure PSE status risk missing a certain proportion of the most sensitive animals 

for Landrace - in this work 25%. It was necessary to take into account pH values in 

both "white" and "red" muscles, if all animals with a poor meat quality were to be 

identified. Large White pigs on the other hand, even when genetically pre-disposed 

to poor meat quality, did not show higher DFD frequencies, at least in "white" 

muscles, and methods measuring PSE status were sufficient to identify the pigs 

concerned. 

When halothane negative pigs have higher than normal pH2 values, there are 

some difficulties in assessing their true genetic potential for meat quality. All pigs 
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irrespective of genetic pre-disposition for neat quality, can J:ecorre 

exhausted during the pre-slaughter period and thus show DFD !!Eat. However , 

it Imlst be asSUIlEd that nost Landrace pigs showing DFD !!Eat with the short, 

standardised pre-slaughter treatIlEnt have J:ecorre DFD via PSE, and thus 

halothane negative animals with higher than normal pH2 values ImlSt be 

penalised. For Large White on the other hand, higher than normal pH2 
values are nost likely to be due to a canbination of genetic and 

enviroUIlEntal factors, and it is debatable whether halothane negative Large 

White animals should be penalised for DFD !!Eat. 

The canbined index reported in this work needs to be further refined 

and arrong other things the number of Imlscles necessary to define the 

R-index needs to be investigated in nore detail. If the number can be 

reduced, then there will be less work involved. 
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In principle, water-holding capacity (WHC) is defined as the ability 
of meat to hold all or part of its own water. There exist, however, no 
reference unit nor reference procedures for measuring WHC which have been 
adopted in general in meat science or technology. Therefore a wide varie
ty of methods are used, due to the fact that meat is handled and processed 
in a variety of ways. Also the meaning of WHC may vary. People who slaughter, 
chill, transport and sell fresh meat understand by WHC the weight or drip 
loss of carcasses or cuts. Consumers and processors of "ready to eat" meat 
understand by WHC its cooking loss. The present work illustrates that the 
WHC measured as drip loss does not allow conclusions about the cooking 
loss of fresh meat. Two standardized procedures for drip loss and cooking 
loss determination will be recommended after the factors that influence 
these WHC determinations are evaluated. 

INTRODUCTION 

Muscles of live animals contain 70 - 75 % water which is bound 
primarily to the muscle proteins within the muscle cell. The high pH of 
about 7.0 in the muscle cell and its physiological salt concentration 
allows the muscle proteins to bind about 90 % of the water intracellularly. 

This ability of muscles we call water-holding capacity (WHC). After the 
death of the animal the pH of normal beef and pork muscle starts to fall 
to its ultimate value of about pH 5.5. This pH fall reduces the ability 
of the muscle proteins to hold the water tightly. The WHC of the muscles 
decreases (Hamm, 1972). Additionally the velocity of the pH fall in 

combination with the temperature of the muscle during this time influences 
WHC. Slow pH fall and rapid temperature decrease induces cold shortening 
with an enhanced drip loss, whereas slow pH fall at very low chilling rates 
causes rigor shortening again with an increased drip loss (Honikel et al., 
1986). Fast glycolyzing muscles at prevailing high temperatures result in 

PSE muscles with a rapid release of exudate from the meat (Honikel and Kim, 
1985; Honikel, 1986). 

So besides pH itself, the temperature/time/pH conditions in muscles 
in the first hours post mortem influence WHC. Drip loss of meat is effec
ted by all these factors, the cooking loss, however, is effected primarily 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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by the pH of the meat. Also,cooking loss is greatly effected by the 

conditions of cooking (Bendall and Restall, 1983; Kopp and Bonnet, 1985). 

As different factors influence drip and cooking loss it cannot be 

expected that drip loss results allow reliable conclusions about cooking 

loss and vice versa. Therefore separate methods must be used. 

In this paper the factors that influence drip and cooking loss will 

be described and taking these into account two standardized procedures 

will be recommended. 

FACTORS WHICH INFLUENCE DRIP AND COOKING LOSS 

As mentioned above, the pH of the meat influences WHC. Furthermore 

the WHC depends on the muscle type and the degree of marbling. Also the 

species of animal influences the WHC of the meat due to variations in 

the muscle composition and structure. In addition to these factors 

the drip loss depends on 

1) size and shape of the sample. The surface to weight ratio is important 
for the amount of drip released. A larger surface area per weight unit 

increases the drip loss per unit time. 

2) treatment during conditioning period. As mentioned above, rapid chilling 

of prerigor muscles may lead to cold shortening and very slow chilling 

may lead to rigor shortening as is shown in Fig. 1. 

The shortening of sarcomeres was at a minimum when muscles were 

chilled to 10 - 15°C within the prerigor period i.e. at pH values above 

6.0. The drip loss released from these muscles within 7 days of storage 

(Fig. 2) coincided, with respect to the minimum of drip loss and shape 

of curves, with the sarcomere shortening in Fig. 1. There was indeed a 

linear relationship between final sarcomere length and drip loss of pork 

and beef muscles as shown in Fig. 3. 
As also mentioned above, PSE conditions are induced by a rapid 

pH fall at prevailing high temperatures. Results are presented in Fig. 4 

for drip loss in slices of M. long. dorsi taken from a pig carcass 

with a pHI value of 6.0 and subjected to different chilling conditions. 
One pair of slices was stored and slowly chilled simulating PSE condi

tions, the other pair was chilled rather rapidly thus avoiding PSE 

conditions and simulating normal meat quality. 
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Fig. 1 Influence of temperature on the shortening of sarcomeres 
in prerigor pork muscles 

Pieces of slaughterfresh M. mastoideus were stored at 0° to 35°C 
between 45 min and 24 hours post mortem. After 24 hours the sarcomere 
length was measured according to Voyle (1971) and the degree of 
shortening calculated by comparison with the sarcomere length of the 
muscle before incubation. For each temperature a different muscle 
sample was taken. 

The "PSE" conditions lead (Fig. 4 )to rapid release of juice within the 

first 24 hours, whereas the "normal" muscle slices had little drip at the 

first day increasing between day land 5. After 17 days of storage the 

difference in drip loss has been diminished. Therefore drip loss of meat 
depends also on 

3) the time of measurement post mortem and on 

4) the length of time of measurement. 
The drip loss also depends on 

5) the chilling temperature of the meat after the ultimate pH is reached. 
Storage at 4°C results in a higher drip loss than storage at O°C. 
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Fig. 2 Drip loss of pork muscles stored at the various temperatures 
indicated on the abcissa during the first day post mortem and subse
quently stored at O°C. 
Cubes (about 50 g weight) of M. mastoideus obtained within 45 min 
post mortem with pH values between 6.3 and 6.5 were stored during 
the first day post mortem at 0° to 35°C. After 24 hours all samples 
were kept in a chilling room at O°C. At 1, 3, 6 and 7 days post 
mortem (indicated on the right hand of the Figure) the drip loss 
was determined. The exact procedure is described in the text. 
For each temperature a sample from a different carcass was taken. 
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Fig. 3 Relationship between drip loss and final sarcomere length 
in pork M. mastoideus and beef M. sternomandibularis. 
Drip loss was determined between day 1 and 7 post mortem as described 
in Fig. 2. Sarcomere length were determined according to Voyle (1971) 
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Fig. 4 Influence of temperature on the drip loss of slaughterfresh 
M. long. dorsi of pork with a pHI of 6.0 
Slices of M. long. dorsi were obtained within 45 min post mortem with 
a pH of 6.0. Two slices were stored at 38°C between 45 min and 2 hours, 
at 35°C between 2 and 3 hours and at 33°C between 3 and 4 hours post 
mortem. They were then stored at ooe until day 17. These were designated 
as "PSE conditions". Two further adjacent slices of the same muscle 
were incubated at 20°C between 45 min and 4 hours post mortem. Then 
the temperature was reduced to ooe and the slices stored until day 17. 
These were designated as "normal conditions". Drip loss was measured 
at the days indicated and was carried out as described below in the 
recommended procedure. The figures between the curves are the 
difference in drip loss in percent. 
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Finally the drip loss of meat samples depends on 
6) the rrethod of packaging used in the experirrent. 

Surface tight (heat shrunk) vacuum packaging releases less exudate from 
the meat during storage than vacuum packaging with vacuum holes at the 
corners of the meat sample.In both cases the amount of drip released differs 
from measurements in plastic pouches or boxes under atmospheric pressure. 

The above mentioned influence of pH on drip loss is shown in Fig. 5. 
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Fig. 5 Influence of ultimate pH value on the drip loss of 
M. mastoideus of pork. 
Samples were stored at 15°C to 25°C at 
then at O°C up to day 7, when the drip 
samples had pH1 values above 6.2. Drip 
described in FTg. 2. 

the first day post mortem, 
loss was measured. All muscle 
loss was determined as 

The relationship between ultimate pH of meat and drip loss was not 
linear. In these experiments neither shortening nor conditions associated 

with the development of PSE existed. There was little pH influence above 
pH 6.0. Below this pH there was a sharp increase in drip loss. 



The cooking loss of meat, however, had a linear relationship to pH not 
only in the prerigor (Honikel et al., 1981) but also in the postrigor 

state as shown in Fig. 6. 
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Fig. 6 Influence of the ultimate pH on cooking loss in 
M. mastoideus of pork. 

5.5 pH 

Samples were taken from the carcass at the first day post mortem. 
Between day 2 and 7 the temperature of storage was O°C. Cooking 
loss was measured 7 days post mortem. 

Cooking loss was determined as described in the recommended proce
dures in the text but due to the size of M. mastoideus the slices 
weighed about 50 g. 

Besides on pH the cooking loss depends on 

1) the final temperature of heating. 
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In Fig. 7 the meat samples were heated to the indicated internal tempera

ture and chilled immediately afterwards. In Fig. 7 again the influence 

of pH is shown. Furthermore Fig. 7 shows that in PSE and normal meat 

between 65°C and about 85°C the release of fluid was faster in PSE muscles, 

whereas at 55°C and 100°C the differences in cooking loss were virtually 

non exi stant. 
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Fig. 7 Cooking loss of M. long. dorsi heated to different final 
temperatures. Muscles of varying qualities and ultimate pH values 
were studied. 
Cooking loss was determined as described in the recommended 
procedure in the text with the exception that the slices at 20°C 
were put into a boiling water bath and taken off the bath 
immediately after the prescribed final temperature was reached. 

PSE muscles had a pHI of 5.6, normal muscles (N) had a pH, of 6.3 
and DFD had a pH, of 6.5. Samples were taken from the carcass 
after 24 hours and stored for a week at O°C. 

In the meantime we have confirmed this in a number of experiments. So 

cooking loss depends on 

2) the meat condition at certain final temperatures of heating; 

the cooking loss also depends on 

3) the velocity of heating (Fig. 8). 
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Fig. 8 Cooking loss of M. mastoideus of pork with an ultimate pH 
of 5.8 after 3 days post mortem,heated with different velocities. 

Samples of 50 g weight as described in Fig. 6 were heated from 20° 
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to 90°C. Between 20 and 55°C the heating rate was 5 sec/DC (or 12°C/min) 
in all cases. From 55° to 90°C the velocities indicated were chosen 
with a constant (linear) temperature increase. At the moment 90°C 
was reached in the centre, the samples were put in tap water. 

The faster the velocity of heating the lower is the cooking loss (Kopp 

and Bonnet, 1985). 

4) The length of heating after reaching the final temperature influences 

WHC. Longer heating time increases the loss of fluid (Bouton and 

Harris, 1972). Connective tissue is gelatinized and released from the 

meat. 

5) Size, shape, marbling and composition of the meat also influence cooking 
loss. The surface/weight ratio is important. Meat with a considerable 

fat content releases fat as well as watery fluid which often increases 

total loss. Marbling of meat covering some muscle tissue may reduce 

cooking loss. 
Contrary to drip loss which increases with time of storage (see Fig. 2 

and 4) cooking loss does not change with the time of storage. 
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Fig. 9 shows that between day 1 and 8 post mortem there was no change 
in cooking loss. Fig. 9 also shows that neither cold (5°C during the 

first day) nor rigor shortening (35°C) had any influence on cooking loss. 
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Fig. 9 Cooking loss of M. mastoideus of pork at different 
times post mortem. 

The samples were taken from the carcass within 45 min post 
mortem and stored unti 1 24 hours at 5°C (e), 20°C (D) and 
35°C (/).). Between day 1 and 8 they were stored at O°C. The 
pH of all samples was 5.6 at the time of measurement. Cooking 
loss was determined as described in Fig. 6. 

Due to the different factors that influence drip loss and cooking loss 

a good relationship between both methods of detecting WHC cannot be 

expected, when the pH of the samples is uniform. This is shown in Fig. 10. 

Whereas the drip loss in these 36 samples of M. long. dorsi of pork with 

a final pH of 5.5 - 5.6 varied from 1 to 17 percent i.e. a 17 fold 

increase, the cooking loss of these samples with few exceptions was 

between 35 and 45 percent i.e. a 1.3 fold increase. 

Having considered the different factors that influence drip loss and 

cooking loss, and the poor relationship that exists between these 

properties of meat, we recommend that the following procedures are 

adapted as standard practice. 
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Fig_ 10 Relationship between drip and cooking loss in M. long. dorsi 
of pork. 

The ultimate pH of all samples was 5.5 - 5.6. 
The recommended procedures described in the text were applied. 
Drip loss was measured between day 1 and 3. Cooking loss was 
determined immediately afterwards. 

RECOMMENDED PROCEDURES 
Within the framework of the CEC Beef Production Programme, the 

working group on Meat Quality published (Boccard et a1., 1981) procedures 
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for measuring meat colour, tenderness by instrumental methods, sensory 
assessment, and chemical analysis. The present recommended procedures 

for measuring the drip loss and cooking loss of intact muscular tissue 

are an extension of that work. Both methods of measuring water-holding 

capacity are of paramount interest to meat scientists and technologists. 

Where it is necessary to carry out both measurements on the same 

piece of muscle, cooking loss measurement will succeed drip loss deter
mination. 

The methods are described for transverse slices of M. long. dorsi as 

this is the most widely used muscle. Other muscles may be assessed in a 

similar manner but care should be taken in these cases to note the muscle 
fibre direction and to report it in the description of the method. 

MEASUREMENT OF DRIP LOSS 
Before carrying out the experiment the following data should be 

measured or known: pH of the sample, the time post mortem, and type and age 
of the animal. Knowledge of conditioning temperatures and/or sarcomere 

length could be helpful. 

A slice, 2.5 cm thick, of M. long. dorsi sampled between the 8th 

thoracic and first lumbar vertebra with a freshly cut surface should 

be taken for measurement. Associated adipose tissue or parts of M. spinalis 

and M. multifidus dorsi should be removed. The facies should stay around 

the muscle. The temperature of the room during cutting should be similar 

to the temperature of the meat. The muscle should be weighed as accurately 

as appropriate in a plastic pouch (the weight is usually between 70 and 

100 g) in which the slice may suspended by means of a net or a thread. 

The plastic pouch is sealed under atmospheric pressure. The samples 

are stored at 0° to 4°C for at least 48 hours. The time of storage must 

be stated in the method's description. The pouches should hang in such 

a way that the exudate dripping from the meat does not stay in contact 

with the meat. At the end of the experiment the muscle is taken from 

the pouch, dried gently with an absorbing tissue and reweighed. During 

the weighing care must be taken that no condensation of water vapour 

at the cold surface occurs. The drip loss is expressed as the weight 

loss in mg/g original weight of meat or percent of original weight. 

Finally the pH of the muscle chould be measured again. 



After drip loss evaluation the sample can be used immediately for 
cooking loss measurements. If there is a delay before measuring cooking 

loss the sample must be wrapped to avoid drying of the surface. 

DETERMINATION OF COOKING LOSS 

The sample remaining after drip loss measurement, of known weight 
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and pH, is placed in a thin walled polyethylene bag (the bag must be water

proof and withstand 75°C) and sealed under moderate vacuum. The vacuum 

must be applied in order to remove air layers or air pockets between meat 

and wall of the bag. Furthermore during subsequent heating the meat must 

be completely immersed in water. With air pockets in the pouch part of the 

meat may be above the water level and that is not acceptable. 
If the bag is not sealed, care must be taken that the wall of the bag 

touches the meat surface in order to allow optimum heat flow. The mouth 

of the bag must remain above the water level. Glass beads or similar 

devices should be put at the bottom of the bag in order to keep all meat 

surfaces immersed in the bath. 

The properly sealed bag is placed in a water bath at preferably 75°C 

(other temperatures may be used, if necessary) where it will stay for 

30 minutes. The pack is then placed for 40 min in running tap water 

(about 15°C) after which time the meat is taken from the bag, mopped dry 

and weighed. The heating loss will be expressed as g cooking loss/g initial 

weight (before cooking) or as percent heating loss. 

In some experiments the measurement of drip loss may be unnecessary. 

In this case the sample may be used directly for cooking loss measurement 

after preparing it as described above for drip loss. 

There are experiments in which the "history" of the meat is not known 

to the researcher. In this case it may be advantageous to measure the 

moisture content of meat and relate the loss to total moisture content 

or if appropriate to dry matter. Method of moisture determination is 

described by Boccard et al. (1981). Also the expression of g cooking loss/g 

protein is possible. 

After measurement of cooking loss the sample can be used for 

tenderness measurements and sensory assessment according to the method 

described by Boccard et al. (1981). 
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CCNCLUDING REMARKS 

Adoption of these nethods will nean that in the future the wide 

variety of ways for neasuring WHC can 1:e reduced to a necessary minimum. 

Drip loss and cooking loss neasurerrents are of pararrount interest to 

research in neat science and technology. Considering the distinct 

factors that influence the different nethods, we recOInTend the use of 

these two nethods as they are nost closely related to the cOInTercial 

and consurrer uses of neat. 
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This review describes methods for the remote monitoring 
of postmortem metabolism in pork carcasses. Information on 
the degree of postmortem reflex activity was obtained from a 
load cell in the shackling chain and was confirmed by elec
tromyography. The rate of depletion of adenosine triphosp
hate (ATP) was assessed by mechanically monitoring the loss 
of muscle extensibility and by measuring the loss of elec
trical capacitance of muscle fibre plasma membranes. These 
relationships were confirmed by biochemical assays for ATP 
and by nuclear magnetic resonance spectrometry. Fibre 
optics were used to measure the postmortem development of 
paleness in pork and to monitor glycogen depletion and pH. 
A photodiode array combined with an electronic flash unit 
provided a superior method for reflectance spectrophotometry 
of pork under commercial abattoir conditions. 

INTRODUCTION 

This review describes some of the methods that have 

been used at the University of Guelph to study various 

aspects of postmortem metabolism in pork carcasses. A major 

goal has been to find new ways with which to study the 

series of events that occur as the muscles of newly slaugh-

tered pork carcasses are converted to meat. A few of the 

techniques that have been developed have been sufficiently 

robust to be used for problem solving in commercial abat-

toirs. Other methods that have been used are essentially 

the same as those used elsewhere and only the general 

results obtained are considered. 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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METHODS 

1. EMG - electromyography to record reflex muscle activity 

during slaughter, 

2. EEG - electroencephalography in attempts to measure the 

efficiency of stunning methods in producing anaesthesia, 

3. ECoG - electrocorticography to measure neural involvement 

in reflex activity during slaughter, and 

4. Spinal electrodes - to record and to induce extra spinal 

cord involvement in reflex 

slaughter. 

muscle activity during 

5. Current measurements - of applied and transcortical 

electrical stunning voltages and amperages. 

6. Shackling-chain load cell measurements to study the rate 

and extent of exsanguination and the degree of carcass 

bouncing caused by reflex activity postmortem, 

7. Extensibility measurements of superficial muscle fasci

culi to study the rate of rigor development, and 

8. Distension measurements of deep regions of the carcass to 

study the development of carcass setting. 

RESULTS 

Physiological Techniques 

The major uses of EMG, EEG, ECoG and spinal electrodes 

have been: (1) to quantify the amount of postmortem reflex 

activity, (2) to investigate the efficiency of stunning pro

cedures, and (3) to search for sources of postmortem reflex 

activity. The basic premise is that postmortem reflex 

activity accelerates glycolysis and, thereby, exacerbates 
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the development of the PSE condition of pork. 

Postmortem reflex activity in pork carcasses involves 

the coordinated activity of major muscle groups such as 

those of the ham or the head and neck. With spinal elec

trodes it has been shown that the final common pathways from 

motor neurons to motor units remain viable for a number of 

minutes postmortem 

appears to originate 

(Swatland, 1976a). 

so that postmortem reflex activity 

from the CNS or central nervous sytem 

Termination of postmortem reflex activ-

ity, therefore, probably occurs by a cessation of CNS activ

ity and not by a failure of the peripheral nervous system. 

Hence, the CNS is a major element in understanding the vari

ability between pigs in their degree of postmortem reflex 

activity. However, it is difficult to ascertain where in 

the CNS that postmortem reflex activity arises. Waves of 

cortical activity occur in pigs that are still struggling 

after exsanguination (Swatland, 1976b) but whether this 

activity is motor or sensory feed-back in nature is diffi

cult to determine. In terms of the remote monitoring of 

postmortem metabolism, the classical physiological tech

niques are difficult to apply under industrial conditions 

and much of the information that these methods yield may be 

obtained more easily by other methods. 

EEG and ECoG have been used by several research groups to 

investigate the efficiency of various types of stunning 

methods for meat animals. However, with the various types 

of automated electrical stunning equipment that are of cur-
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rent interest to the pork industry in Ontario it is 

difficult to secure the electrodes onto the pig's head. 

Surgically-implanted ECoG electrodes require a substantial 

investment of time and effort for each animal and, all too 

often, the neural events that occur during slaughtering are 

obliterated by muscle activity in the head region (Swatland 

et al., 1984). The remote monitoring of blood pressure, 

particularly in the head region, would be of considerable 

interest since blood pressure appearz to have an influence 

on the iuration of unconsciousness after stunning. A likely 

mechanism for this is the effect of blood pressure on the 

reticular activating system of the brain. 

Current Measurements 

Surgically-implanted ECoG electrodes are needed to meas

ure the small current that actually passes through the pig's 

brain during electrical stunning (Swatland et al., 1984). 

However, the overall current that passes across the animal 

is easily measured and may also yield interesting informa

tion. Voltages and amperages may change with time, perhaps 

as a result of changes in the distribution of blood in the 

major vessels and sinuses around the brain. A major diffi

culty is to be sure that the measured current is a realistic 

representation of the current that actually affects the ner

vous system. In some situations, part of the overall cur

rent may leak to a grounded part of the animal, such as a 

shoulder that touches a grounded metal surface, and may 

cause blood splashes in the region involved. 
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Mechanical Methods 

Information about postmortem reflex activity in pork 

carcasses may be obtained from a load cell in the shackling 

chain or above the gambrel. This method was originally 

employed to study rates of exsanguination, essentially to 

confirm that lethal stunning currents would not interfere 

with subsequent exsanguination procedures (Swatland, 1983). 

It was soon found, however, that the bouncing of carcasses 

caused by postmortem reflex activity showed up quite clearly 

on the chart recorder and, rather suprisingly, that the 

activity of different parts of the carcass produced differ-

ent recoil patterns (Figure 1). 
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Fig. 1. Recoil patterns produced by postmortem reflex 
activity in different parts of the carcass. 

Regional sources of reflex activity may be identified by 

electromyography. Figure 2, for example, shows integrated 
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EMG activity from the ventral muscles of the neck associated 

with the head down reflex. 
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Fig. 2. Integrated EMG activity from ventral neck mus
cles associated with the head down reflex seen on the 
load cell. 

Another mechanical method that has recently been 

adapted for use on pork carcasses is the rigorometer. The 

rigorometer was originally developed by Bate-Smith (1939) as 

a method for measuring the loss of extensibility of isolated 

muscle strips during the development of rigor mortis. At 

that time, the major interest was to demonstrate that the 

development of rigor mortis was correlated with the disap-

pearance of adenosine triphosphate (ATP). Now that this 

relationship is firmly established scientifically, the loss 

of muscle extensibility in the carcass provides an indirect 

method of measuring ATP depletion rates. The rigorometer 
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has been miniaturized and automated so that it can be 

attached to the surface of a carcass (Swatland, 1985a). A 

solenoid-operated lever pulls on a wire that is connected to 

a superficial muscle fasciculus of either the adductor or 

semimembranosus where these muscles are exposed at the mid-

line of a split carcass. The primary sensor i5 a microdis-

placement transducer that measures the amount of muscle 

extension produced by the rigorometer lever. The original 

prototype also included a strain gauge to measure the force 

with which the muscle fasciculus was loaded. This enabled 

the operational characteristics of the system to be examined 

- an important point since the force generated by a solenoid 

is a curvilinear function of the position of the core within 

the coil. The bias produced by this system was not a seri-

ous problem in obtaining information on the loss of muscle 

extensibility. An important point is that different histo-

chemical types of muscles fibres probably go into rigor mor

tis at different rates so that the output of a rigorometer 

system is merely the summation of changes in a heterogeneous 

population of muscle fibres (Swatland, 1984). 

An alternative system operated pneumatically was 

developed to study the development of rigor mortis in deeper 

parts oE the musculature. An expansion bulb of thin rubber 

is inserted inside the muscle mass and is inflated at a set 

rate. The amount of expansion of the bulb is measured from 

the mnount of movement of a fluid-filled section of the 

inflation system. The key element of the design is to keep 
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the internal volume of the inflation system as low and as 

constant as possible by using thick-walled, narrow-bore 

Teflon tubing. The interpretation of the results is aided by 

monitoring the relationship between pneumatic pressure and 

the amount of expansion of the bulb. The results produced 

by the system require some subjective analysis because of 

the microstructural damage produced by the bulb. Essen

tially what happens is that, when initial ATP levels are 

high, maximum expansion of the bulb occurs since the muscle 

mass offers little resistance to internal deformation. As 

rigor progresses and muscles slowly become more rigid, then 

the amount of expansion becomes limited. At this point, 

however, the expansion bulb begins to split the muscle mass 

in which it is embedded, presumably by tearing the connec

tive tissues that bind the stiffening muscle fasciculi. 

This allows the expansion bulb to inflate to almost its 

original volume before the whole sequence is repeated again. 

Hence, with this system, the development of rigor appears as 

a saw-tooth pattern on the graphics display of the microcom

puter. 

Biophysical Methods 

Meat is composed of essentially cylindrical muscle 

fibres separated by intercellular spaces containing connec

tive tissues. The plasma membranes of living muscle fibres 

are extremely effective insulators that electrically isolate 

the electrolytes between and within cells. Within the mus

cle fibres the sarcoplasmic reticulum might also partition 
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the internal electrolytes, although there is little evidence 

for this from electron microscopy. As far as can be ascer-

tained structurally, the sarcoplasmic reticulum soon degen-

erates from a tightly ordered system into a loose jumble of 

distended vesicles. This may largely be a result of the 

tremendous increase in the volume of intermyofibrillar area 

that occurs postmortem (Figure 3). 
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Fig. 3. Increase in area between myofibrils measured 
on electronmicrographs taken transversely through mus
cle fibres from M longissimus dorsi (bars SO). 

The fluid that fills the intermyofibrillar s-pace originates 

from between the filaments within the myofibrils. Hence, 

the data shown in Figure 3 are matched by an increase in the 

packing of filaments per unit of cross section. Thus, 

when an alternating current is passed through a piece of 

muscle taken from a pork carcass soon after slaughter, the 



152 

capacitance that is detected probably originates from the 

plasma membrane. 

Three types of capacitance measurements have been used 

with food myosystems: 

Parallel capacitance (Swatland, 1980) 

Quality factor Q 2 ~ f Cp Rp (Jason and Lees, 1971) 

Dissipation factor D = I / Q (Kleibel et al., 1983) 

where f = frequency, Cp 

resistance in parallel. 

capacitance in parallel, and Rp 

Two major technical factors in biophysical measurements 

of pork quality are the electrical anisotropy of meat and 

temperature. Anisotropy exists when a measurement is 

affected by the direction in which it is made through the 

meat. Although anisotropy and temperature do affect capaci

tance measurements to some extent, their effect is far 

smaller on capacitance than on resistance. Thus, although 

capacitance measured in parallel with resistance is somewhat 

more difficult to measure than a compound ratio such as Q or 

D, capacitance measurements are not strongly biased by the 

direction in which the meat is measured or by meat tempera

ture. All three types of measurement are affected by the 

frequency of the AC test current and by the geometry of the 

electrode configuration (for example, parallel needle elec

trodes versus parallel plate electrodes). With substances 

such as meat that are seldom microstructurally homogeneous 
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it may be difficult to standardize measuring systems so that 

the data can be corrected to provide parameters that are 

independent of the local measuring conditions. For example, 

at certain times soon after slaughter, membrane capacitance 

may be in parallel with a high resistance due to the tran-

sient flux of fluids into the intracellular compartment. In 

this situation, a higher capacitance would be measured even 

if the real capacitance of membranes was constant. Hence, 

it is difficult to prove that capacitance per se has 

increased in such situations. 

At any time within one or two days of slaughter, PSE 

pork has a lower capacitance and a lower resistance than 

normal pork (Figure 4). 
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Fig. 4. Electrical capacitance of normal and PSE pork. 

In PSE pork the membranes leak electrically because they are 
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damaged and there is more intercellular fluid. The 

reduction of membrane capacitance was originally attributed 

to lactate-induced membrane damage but recent research indi-

cates that the loss of membrane capacitance is more closely 

related to ATP depletion than to pH (Swatland and Dutson, 

1984) • A relationship between ATP depletion and loss of 

capacitance can be demonstrated in real-time studies by NMR 

(nuclear magnetic resonance), as shown in Figure 5. 
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Fig. 5. Relationship between decline in electrical 
capacitance and decrease in ATP concentration measured 
in a parallel muscle strip by NMR spectrometry. 

However, with both systems (electrodes in a piece of meat 

versus a muscle core in an NMR tube) it is important to note 

that the results obtained are for a heterogeneous population 

of muscle fibres. 

Biophysical methods such as the remote methods 



155 

described above provide a robust means of collecting data in 

a commercial environment. In research in Ontario, the cor

relations of capacitance with objective measurements of pork 

quality have always been slightly stronger than correlations 

of pH with objective measurements of pork quality. This 

still leaves a lot to be desired since pH correlations are 

not reliable enough for grading or for predictive uses. The 

advantage with biophysical measurements, however, is that 

they may be made much more easily than pH measurements. 

Glass pH electrodes are rather fragile and must be kept 

clean and constantly recalibrated. Stainless steel elec-

trodes for biophysical measurements are extremely 

Biophysical measurements may be taken in either 

sturdy. 

of two 

modes. In a commercial environment measurements are made 

with portable apparatus with the investigator being able to 

keep pace with the line speed of the abattoir. In a 

research abattoir a group of carcasses may all be wired up 

to a central recording system that at programmed intervals 

measures the capacitance of the meat. This enables real

time longitudinal correlations of capacitance with a variety 

of other parameters such as ATP depletion assessed by NMR or 

loss of extensibility (Figure 6). 

Fibre optics 

Optical fibres that conduct light by means of total 

internal reflections at the junction between their core and 

their cladding are ideally suited to measuring the paleness 

or light-scattering that is usually associated with PSE. 
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Fig. 6. Relationship between decline in electrical 
capacitance and the onset of rigor mortis measured by 
loss of muscle extensibility. 

Reflectance from the meat is measured with a bifurcated 

light guide. One branch of the Y-shaped system takes light 

into the meat, the other branch takes light reflected from 

the meat to a photometer when the common trunk is pushed 

into the meat. An extra feature that may be added to the 

basic Y-shaped light guide is to locate a multiple splice in 

the main trunk so that it splits into a number of roots, 

each with optical fibres connected to the main in- and out-

going branches. A five-way split in the main trunk gives a 

probe that integrates the reflectance from five different 

areas simultaneously. 

There are some obvious advantages to dealing with a 

parameter that is subjectively visible and of extreme judge-
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mental importance. Although it is the loss of water holding 

or binding capacity in PSE pork that is the major commercial 

problem, subjective judgements of the severity of the PSE 

condition are strongly influenced by paleness. 

A number of different fibre-optic configurations have 

been used for different purposes. A key factor in all con-

figurations, however, is to use the strongest illumination 

possible. The ideal is to illuminate a large volume of tis

sue (> 25 cm3 ) so that local variations are integrated and 

ambient illumination is unimportant. Since it is undesire-

able to keep switching high voltage illuminators on and off, 

some type of electronic shutter may be needed to protect the 

meat between measurements. For monochromatic measurements 

it is relatively easy to place both the illuminator and the 

photometer close to the carcass with a hard-wired link to 

the microcomputer that controls the shutter and data collec

tion. With spectral scans it is usually necessary to have a 

long fibre-optic linkage to connect the carcass to the labo

ratory. 

An alternative configuration, which is probably the 

most elegant solution, is to use a photodiode array. The 

photodiode array, as its name indicates, is a whole set of 

miniature photometers arranged in rows across the surface of 

a single chip. Thus, an image formed on the surface of the 

chip can be digitized almost instantaneously and converted 

to a television signal or loaded into a microcomputer data 

file. If a small prism is placed just in front of the pho-
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todiode array, incoming light from the fibre-optic light 

guide forms a spectral rainbow across the photodiode array 

so that the whole spectrum can be measured at once. High 

intensity illumination may then be obtained from an elec

tronic xenon flash that is synchronized with the photodiode 

array. Thus, the full analytical power of an accurate 

reflectance spectrophotometer is now available for use under 

industrial conditions. The unit that we use at Guelph is 

called a Colormet and is manufactured by Instrumar (St. 

John's, Newfoundland). It is battery-operated and water-re

sistant and the unit is about the size of a domestic elec

tric drill. The photodiode array system makes it possible 

to collect data at a number of wavelengths. Wavelengths 

between 600 and 700 nm are generally correlated most 

strongly with objective measurements of pork quality. It is 

also possible to compensate for intrinsic differences in 

myoglobin concentration in the pork by taking a reading at 

555 nm. Figure 7 shows the results of typical experiment 

undertaken in a commercial abattoir. The objective was to 

determine if improved pre-slaughter handling methods would 

have a detectable effect on pork quality. 

shows the reduced reflectance (darker 

obtained in the specially treated pigs. 

The lower line 

pork) that was 

Fibre optics may be used for more than simply measuring 

meat paleness. 

at about 410 

For example, glycogen has an absorbance peak 

nm that can be measured with quartz optical 

fibres. In a typical biochemical experiment where a series 
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Fig. 7. Reduction of reflectance from pork as a result 
of reduced preslaughter stress. 
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of samples is taken postmortem and assayed for glycogen, 

there is a considerable degree of variation between rates of 

glycogenolysis in different parts of the longissimus dorsi 

(Figure 8). Even the removal of the first sample may stimu-

late glycogenolysis in the surrounding part of the muscle. 

With fibre optics, a difference spectrum can be computed at 

any time postmortem (spectrum at zero time minus spectrum at 

time x) so that glycogenolysis can be followed in real-time 

at one exact location with a minimum of experimental inter-

ference (Figure 9). Fibre optics may also be used to meas-

ure pH by placing phenaphthazine indicator paper over the 

end of the common trunk of the light guide (Swatland, 1985b). 
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Fig. 9. Glycogenolysis measured remotely by fibre 
optics at a single site on the longissimus dorsi mus
cle. The absorbance spectrum at 165 minutes postmortem 
was subtracted from the absorbance spectrum at 15 min
utes. 
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DISCUSSION 

There are many possibilities for remotely monitoring 

postmortem metabolism in pork carcasses and thereby gaining 

new insights into the complex events that occur as muscles 

are converted to meat. Hopefully, one or more of these 

methods may be sufficiently robust to be incorporated into 

regular commercial use. Sooner or later the meat industry 

will make full use of the possibilities provided by comput

er-operated and robotic systems. At that time, there may 

well be a need for sensors that respond to pork quality and 

which can make management decisions. Even with the technol

ogy that is available at present it would be possible to 

sort carcasses automatically into groups with a high or low 

incidence of PSE. 

Another topic of interest, at least in Canada, is the 

possibility of developing some type of grading system for 

pork quality. This would be relatively easy at 24 hours 

postmortem, but it may be an unworkable dream to do it 45 

minutes postmortem as carcasses come off the kill floor. 

The major problems are essentially biological. Since both 

the rate and the final extent of lactate production appear 

to influence the development of the PSE condition, measure

ments made at 45 minutes may only catch those carcaqses with 

a rapid PSE development. Thus, some carcasses that appear 

to be non-PSE at 45 minutes may subsequently develop PSE by 

24 hours postmortem. 

An idea that comes readily to mind in attempting to 
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improve the predictive power of 45-minute measurements is 

the possibility of combining two or more radically different 

systems such as capacitance measurements and fibre optics. 

At first sight it appears that a combination of two or more 

measurements might give a more accurate prediction. This 

idea, however, is fraught with problems that must first be 

solved. The main problem is that the cellular aspects of 

postmortem metabolism that occur as muscles are converted to 

meat are still only poorly understood. Nearly all the 

research that has been undertaken on postmortem metabolism 

has been undertaken by conventional biochemical methods in 

which meat samples are first reduced to a slurry or powder. 

Cellular integrity is, therefore, immediately sacrificed. 

To make the point more clear, let us consider a working 

hypothesis that is under investigation at Guelph. 

Three different parameters that have been followed in 

their real-time changes postmortem are resistivity, capaci

tance and fibre-optic reflectance at 650 nm. Resistivity 

and capacitance progressively decline postmortem while 

reflectance increases. However, just before these progres-

sive changes become apparent there is often a transient 

change in the opposite direction. For example, reflectance 

may show a transient decrease before it starts its final 

increase. Likewise, resistivity may show a transient 

increase before its final 

for these changes is that 

decline. A possible explanation 

muscle fibres in some carcasses 

may initially take up water by osmosis because of their gly-
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cogenolysis. Later on, the flux of fluid is reversed so 

that the muscle fibres lose much of their fluid to the 

intercellular space. The practical importance of this phe-

nomenon, whatever its real explanation, is that these tran-

sient peaks are not all synchronous and that they are scat-

tered through the first hour postmortem during the period in 

which we wish to make 45-minute measurements. The only hope 

of being able to overcome this problem is to understand more 

about it. 
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The Hennessy Grading System is now used in Sweden for the commercial 
gradi ng of meat content. An experiment was performed to di scover if the 
Hennessy Gradi ng System cou1 d also be used to predi ct the fi na 1 meat 
quality from slaughter1ine measurements. 

The longissimus dorsi muscle was measured between the 3rd and 4th 
last ribs, immediately after the ordinary grading, about 30 min after 
exsanguination, using a Hennessy Grading Probe (GP) equipped with an extra 
software functi on to pri nt the refl ectance value. In additi on, the Fi bre 
Optic Probe (FOP) was used at the same incision as the GP. The day after 
slaughter, the carcasses suspected to be PSE were remeasured together with 
a sample of the remaining carcasses using both the GP and the FOP. 

For recordings made at the same time the correlations between the GP 
and FOP values were high (r=0.85 and 0.88). A proportion of carcasses that 
were judged to be of normal quality at grading developed PSE the day after 
slaughter, causing non-linear relationships between measurements taken at 
different times. 

Irrespecti ve of the 1 ack of accuracy the i nformati on about the meat 
quality obtained from grading may be useful, and the possible applications 
are discussed. The postponement of the ordinary grading for meat quantity 
would give a better measure of the meat quality which may also be a 
practical solution. 

INTRODUCTION 
Since April 1984 all pig carcasses in Sweden have been classified 

accordi ng to meat content by use of the Hennessy Gradi ng System. The 
measuri ng probe uses the difference between ref1 ected 1 i ght from muscle 
and fat to identify the borders between the different tissues. In the last 
few years, it has become more desirable to improve also the quality of 
meat. Both the export and domestic markets have demands for a better meat 
quality. Some leading cutting plants want to have a classification also 
for meat quality and not only for meat quantity with a corresponding price 
differentiation. The most common method for meat quality estimations in 
the slaughter1ine, pH!, can not routinely be performed with a speed of 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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120-200 carcasses per hour. With new equi pment now avai 1 ab 1 e on the 
market, meat qua 1 i ty can a1 so be evaluated by i nterna 1 ref1 ectance or 
light scatter without the need for a cut surface. However, several 
questi ons such as the time, anatomi ca 1 si te for measuri ng, measuri ng 
principle and equipment remain unsolved. If the instruments used for 
grading could also be used for meat quality assessment the cost would be 
reasonab 1 e. The ref1 ectance functi on in the Fat-o-Meater gradi ng system 
has been used at grading to assess the ultimate meat quality (Sack et a1., 
1984) . 

The ultimate meat quality has, however, not been achieved at 30 
to 45 mi n. post mortem as poi nted out bye. g. Barton-Gade (1981). Thi s 
will cause non-linear relationships between slaughter1ine measurements and 
the final meat quality, with a certain proportion of carcasses developing 
PSE quality later. With a new Danish meat quality probe, about 50 per cent 
of carcasses with severe PSE after cooling were found at the slaughterline 
(Andersen, 1984) . Sei dl er et a 1 (1984a, b, c) have tri ed to solve the 
problem of late developing PSE by provoking the muscle to reach its final 
qual i ty by usi ng the Fat-o-Meater probe 5 mi n. before measuri ng with a 
modified Testron MS-tester in the same incision. 

The purpose of thi s i nvesti gati on was to detennine if the Hennessy 
Grading Probe could be used for predicting the final meat quality from 
slaughter1ine measurements. 

MATERIAL AND METHODS 

Animals 
The animals used in the study were commercial pigs slaughtered at one 

slaughterhouse in the southeast of Sweden during one day in May, 1985. The 
plant has two slaughterlines, with a line speed of 200 pigs per hour. Most 
of the carcasses from one of the 1 i nes were measured at the time of 
grading about 30 min. post mortem. The carcasses that from the measuring 
results were suspected to be PSE at the time of gradi ng were sorted out 
and remeasured on the next day. In additi on, a sample of carcasses not 
suspected to be PSE, were also measured the day after slaughter (see Table 
1 for numbers measured). 
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Equipment 
Commercial grading was performed with the Hennessy Grading System 

(Hennessy & Chong Ltd., Auckland, New Zealand). The grading includes two 
measurements of backfat thickness over M. longissimus dorsi; one at the 
tip of the last rib (f l ) and the second 12 cm cranially (f2) between the 
3rd and 4th (3/4) last ribs (Fig. 1). At this point also the thickness of 
the longissimus dorsi muscle is recorded. 

=r 
Tsem 
6em 

u 

Fig. 1. Cross-section of the back at 3/4 last rib with measurements 
for grading indicated. The reflectance value is registered within the 
section denoted by R. 

The meat percent of the carcasses is estimated by an equation, in 
which these three measurements are included. More details about the 
grading system as used in Sweden is given by Hansson and Andersson (1984). 
The carcasses were measured once more using a similar Grading Probe (GP) 
but with an extra software function included to get the reflectance value 
from the longissimus dorsi muscle at the 3/4 last rib displayed and 
printed out. The reflectance value (570 nm) was calculated as the mean of 
5 recordings per rrm when the GP passes the longissimus muscle (see Fig. 
1 ) . 

Evaluation of meat quality was also made with the Fibre Optic Probe 
(FOP; TBL, Leeds, UK). Thi s instrument determi nes the back-scatter of 
light transmitted into the meat. The recorded values for PSE-muscles are 
higher than for normal meat (McDougall and Jones, 1981). The same incision 
as for the GP was used, and only one recordi ng was performed on each 
occasion. 
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RESULTS 
The number of carcasses measured at the grading occasion and the day 

after slaughter with the instruments used is given in Table 1 together 

with overall means and standard deviations. 

TABLE 1 General description of the meat quality measurements in M. 

longissimus dopsi at the time of gr ad i ng and the day after slaughter 

(subscript I and 2, respectively). 

Standard 
Trait Mean deviation 

Slaught ep line 
measurements n=986 
GP I 46.7 20.4 
FOP I 10.3 14.6 

24-hour 
measUl'ements n=435 
GP 2 104.8 36.8 

FOP2 50.6 24.0 

Due to the slaughterhouse routines, all carcasses were not available 

for measuring the day after slaughter. We, therefore, chose to measure the 

carcasses that were suspected to be PSE or almost PSE at the time of 
gradi ng and only a sample of the rest. Of the carcasses measured the day 

after slaughter the proportion of PSE carcasses was thus too high. 

The di stributions for the instruments used at the time of gradi ng 

were quite skewed independent of the instrument used, with only relatively 
few carcasses showing high values. The day after slaughter, the 

distributions show an overrepresentation of high values depending on the 
selection system. 

The relationships between the variables are shown graphically in Fi
gures 2 to 4 and as correlation coefficients in Table 2. 
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TABLE 2 Corre 1 ati ons between the meat qual i ty measurements (all 

correlations are significant, P~O.OOl). 

GP. 

FOP. 

GPz 

FOP. 

0.88 

GPz 

0.65 

0.65 

FOPz 

0.68 
0.65 

0.85 

The corre 1 ati ons were quite hi gh between measurements on the same 

occasion, and somewhat lower between values recorded the day of slaughter 

and the day after slaughter. There were very few carcasses that had hi gh 

reflectance or back scatter values at the grading occasion, without having 

hi gh val ues also the day after slaughter as shown in Fi g. 2. In contrast, 

quite many carcasses developed PSE quality after grading. As mentioned 

earlier, this will lead to non-linear relationships between measurements 

taken at different occasions. Thi s must be cons i dered when studyi ng the 

correlations. 

FII'2 
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DISCUSSION 
The variation along the longissimus dorsi muscle, as discussed by 

Lundstrom & Malmfors (1985), makes one spot measurements of meat quality 
uncertain. It is, however, possible to use the GP recordings both at the 
1 ast ri band 3/4 1 ast ri b, to gi ve a better accuracy. Other weak poi nts 
with probe readings for the prediction of meat quality is the influence of 
muscle pigment as well as the amount of intramuscul ar fat (Barton-Gade & 

Olsen, 1984). The GP and FOP use both different wavelengths and different 
principles for measuring. The fairly good consistency between the GP and 
FOP val ues (Fi gures 3 and 4) obtai ned when measuri ng at the same time 

seems promising. 
When meat qual ity assessments are made on the sl aughter 1 i ne at the 

time of gradi ng to sort out the carcasses with 1 ess good qual i ty, the 
thresholds for selection have to be discussed. The accuracy needed in the 
estimation of ultimate meat quality depends on how the information is 
used. We regard the following applications as the most essential. 
1. A measurement of the level of meat quality at the slaughterhouse, used 

by the production manager for taking measures against the problem. 
2. An estimate of the final meat quality of individual carcasses, used for 

sorting out carcasses for different ways of cutting and processing. 
3. A measure of the final meat quality of the carcasses, used as base for 

differentiation in payment. 
Even if not all carcasses with less good qual ity al"e identified the 

first step is applicable. The information can be used as a quick feed back 
on the stress situation on the farm and when transporting pigs to the 
slaughterhouse or duri ng 1 ai rage, and steps can be taken to solve the 
problem. 

The last two fields of application. require a more accurate estimate 

than the first one. When used for price setti ng the . estimate must be 
correct in most of the cases. When used for sorting, a resorting step can 
be performed. The consequences of false predictions of the ultimate meat 

quality then depend on the practical situation at the slaughterhouse 

and the above described fields of application. Carcasses identified 
as potentially of low quality at grading and that do not subsequently 
develop PSE (false positives) can be sorted out just prior to or during 
cutting, either subjectively or with the use of an instrument. The 
carcasses that are late in developing PSE characteristics are difficult to 
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detect at the time of gradi ng (false negati ve s) • If 20 to 50 percent are 
not found at the time of gradi ng (the number dependi ng of the thresholds 
chosen) sorti ng without re-exami nati on of the carcasses the day after 
slaughter will be too uncertain. Re-examination will increase the 
cost of quality control. 

One sol uti on to the problem of false predi cti ons mi ght be a 1 oca 1 
stimulation of the muscle either electrically or mechanically in order to 
selectively increase the rate of glycolysis. The approach was used by 
Seidler et al. (1984a,b,c) in order to increase the dielectric loss factor 
before measuri ng wi th a modifi ed MS-tester, but has not been tested to 
provoke the development of the ultimate colour as far as we know. Another 
approach to the problem would be to postpone the ordinary grading for meat 
quantity to a time that is suitable for measuring meat quality. Two 
practical possibilities are available, either directly after the fast 
cooler (e.g. within 3 hours after killing) or next day at the time of 
delivering the carcasses from the cooling room. The first occasion 
suggested seems most interesting, but needs further investigation. 
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Measurerrents of neat quality were made on 3028 pig carcasses. Data 
were analysed to determine the relationship of the different neasurerrents 
to each other and their usefulness for the routine identification of neat 
quality. Regressions showed that the relationships l:etween the traits 
neasured were generally non linear. For routine neasurerrents on the 
slaughterline three nethods "Were considered. Measurerrent of reflectance 
values using the Fat-D-Meater (KM) had the advantage that neat quality was 
determined sirrultaneously with carcass grading. Measurerrent of electrical 
conductivity in the muscle using the LF instrurrent type LF DIG 550 gave 
the sane degree of accuracy for assessrrent of neat quality as the KM 
reflectance value rut required additional expenditure on equiprrent and 
personnel. Measurerrent of the complex electrical conductivity using the 
MS Tester (Lemgo modification) was clearly superior for discriminating 
l:et-ween PSE and non PSE material. 

INTRODUCl'ICli! 

The quality of lean neat is a very :iIrportant factor in classifying 

the quality of a carcass. This factor is of special significance when it 

affects the sul::sequent uses of the neat. PSE muscle is the I1lJst 

:iIrportant quality defect in pork in the Federal Republic of Germany. 

Genetically conditioned and activated by stress factors associated with the 

transport and slaughtering procedure, it leads to a rapid accumulation of 

acid products of netal::olism in the musculature. The acidosis is associated 

with a rise in temperature and may l:e attriOOted to anaerobic glycolysis. 

Simultaneously, microstructural changes in the muscle tissue arise 

that may l:e interpreted as an accelerated necrobiosis in the form of a 

degenerative oedema. Degenerative changes are detectable in proteins, 

IreIDbranes and I1lJre complex structures such as capillary l:eds. Due to the 

nature of these changes there is a continlUTITI l:etween the normal and 

definitely patholcgical conditions, giving rise to the difficulty of 

finding an objective demarcation l:et"Ween PSE and neat of normal quality. 

Under industrial conditions it is :iIrportant to diagnose the defect 

as early as possible, l:efore the carcasses are transferred to the 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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refrigerators. The bX) main approaches based on the pathogenesis of the 

condition are as follows: 

neasurerrent of the rapid postrrortem biochemical changes associated with 

anaerobic glycolysis; 

measurerrent of structural alterations in proteins and rrernbranes, where 

swelling and osrrosis nn.lSt t.e taken into consideration. 

MATERIAIS AND ME'IHODS 

Three series of tests were performed on a total of 3028 left sides 

of carcasses. 

Series A n = 1453 (December 83 to February 84) 

Series B n = 1117 (July 84 to August 84) 

Series C n = 458 (March 85 to April 85) 

The objective was to develop a practical method of high preciSion for 

identification of PSE pork for use on the slaughterline. 

Carcasses were taken from the slaughterline either individually or 

in groups of up to four, by random sarrpling. Measurerrents were taken 

unhurriedly on a parallel track t.ecause special irrportance was attril:uted 

to the exact collection of data. Further measurements were taken after 

17 to 24 hours from sone of the carcasses (series B, n = 1117) in 

addition to the data taken ca. 45 minutes post rrortem. 

The characteristics of meat was examined in M. longissimus dorsi by 

the following methods, listed in the sequence in which they were applied 

to the carcass. 

1. Brightness (Rf value) was measured using the FCM reflectance value 

(Fa. SFK, Hvidovre, Denmark, FCM grading prot.e) at al:out 45 min 

post rrortem. 

2. Carplex conductivity was measured using a rrodified MS Tester (Fa. 

Testron Me.Ggerate GmtlI, Vienna, Austria) in combination with a digital 

voltmeter, type I::t1N 6010 (Fa. BEWA, Holzkirchen, Germany). 

Measurerrents were made in pretreated tissue at al:out 45 min post 

rrortem (Dl V ) and in series B also at 17 to 24 h post rrortem (D24 V) . 

3. Temperature (Ts) was measured using a Technotherm therrrometer type 

7600/7700 pt 100 (Fa. Dewert, BUnde, Germany) at 45 minutes and 17 to 

24 h post rrortem. 

4. pH was measured using a digital pH meter, Portamess type 651 (Fa. 

Knick, Berlin, Germany) and an electrode type 406-M6-KN (Fa. Ingold, 

Frankfurt, Germany) at al:out 45 minutes post rrortem (pHI) and in 
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series B also at 17 to 24 h post ITOrtem (pH24). 

5. Water holding capacity was rreasured by the press rrethod (Grau and 

Hanm 1953) , with conpressors nodel Braunschweig (Fa. Hauptner, Solingen 

Germany) tested for pressure. Sarrples were prepared on the 

slaughter line and rreasured in the laboratory according to Hofmann et 

al. (1982) at about 45 minutes post ITOrtem (WHCl ) and in series Balsa 

at 17 to 24 h post ITOrtem. 

6. Measurerrent of electrical conductivity using an LF instrurrent type 

LF DIG 550 (Fa. WIW, Weilheim, Germany) was at 45 minutes post ITOrtem 

(LF 1) • 

The data were statistically analysed to estimate the relative 

suitability of these rrethods and to determine limiting values for normal 

and PSE neat. The material was suitable for these analyses since PSE and 

non PSE carcasses were nearly equally represented in the total sarrple. 

RESULTS AND DISCUSSlOO 

Frequency polygons 

Pararreters differentiating between PSE and non PSE should form a 

birrodal curve in the frequency polygon. The polygon should be famed by a 

substantial arrount of data. The frequency polygon for pHI values 

(n = 3028) complies with these demands (Fig 1). The 

pH24 value (n = 1117) does not rreet the d~nand of birrodal distribution 

(Fig 2) and is therefore unsuitable for diagnosis of PSE. 

The frequency polygon of the WHCl value approaches a normal 

distrirution (Fig 3). Consequently discrimination by rreans of this neat 

structure pararreter is less precise than by using the pHI value. The 

frequency polygon for WHC24 is nearly a normal distrirution and therefore 

does not corrply with the demand for bionodal distrirution either (Fig 4) • 

This also applied to other rreasurerrents made on the cold carcass, as is 

shown below. 

The rreat structure-related value, D1 V, showed a birrodal 

distrirution (Fig 5) similar to that of the pHl data. The ID1 data 

(values of colour brightness, closely connected with the structural 

characteristics of the neat) were distriruted in a totally different node 

in the frequency polygon (Fig 6). At 45 minutes post ITOrtem the curve 

was not birrodal. Presumably the structure characteristics of this value 

were not yet differentiated or were overlaid by other characteristics 

(Fig 6) . 
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Although the carplex conductivity (including the dielectric loss 

factor) showed a distinct bimodality measured in pretreated tissue at 
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45 minutes post rrortem with the MS Tester (Lerrgo no:lification) (Fig. 5), 

the conductivity with the LF instrument, type LF DIG 550, was still 

considerably undifferentiated at that time. Without prealteration of 

nuscle tissue and dielectric loss factor the frequency polygon denonstrated 

that sinple conductivity measured using the LF instrument was insufficient 

for PSE identification (Fig. 7). An approximately normal distribution was 

found at 24 h post nortem. Therefore normal and PSE type material could 

not be differentiated by these pararreters. 

Relationship between meat quality measurements made at about 45 minutes 
post nortem 

Firstly, the pHl , a biochemical value, and WHCl' a structure 

pararreter, ~e corrpared. In addition, regressions of pHl and WHCl 
against the other other pararreters are shown in Figures 8 to 12. 

Curvilinear functions describe the relationships nore correctly than 

linear ones. Relationships described rrore correctly by a linear function 

are those between pHl and temperature (M. longissinus dorsi, M. adductor) 

(r = 0.57) , WHCl and temperature (r 0.63) , WHCl and D1V value (r = 0.87) 
and WHCl andLFl value (r = 0.64). 

Multiple regression analysis 

For nultiple regression analysis of meat quality measurements 

shOWing curvilinear relationships it was necessary to prelinearise the 

data. This analysis (Table 1) shONed that for the pararreters pHl' WHCl 
and temperature in M. longissinus dorsi the D1V value measured using the 

no:lified MS Tester was superior (R2 = 0.83) to the FCM reflectance value 
2 (R = 0.70). A corresponding corrparison with the LF instrument could not 

be made as these data belong to a different series of measurements. The 

distribution in the frequency polygon already shONed that the LF 1 values 

were less useful than the complex conductivity (D1V). 

Limiting values for differentiating between PSE and non PSE material 

Statistical analysis of the bino:lal frequency polygon for pHl gave 

good agreement with the limiting values arrived at empirically: 

Empirical Mathematical/statistical 

pHl ~ 5.60 PSE pHl ~ 5.55 PSE 

pHl > 5.80 non PSE pHl > 5.90 non PSE 
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As well as PSE and non PSE categories there exists a defined transition 

field. 

TABLE 1 Multiple regression analysis of meat quality measurements 

pH/WIlCl' T 

mCl/pHl' T 

Dl v/pHl' wIlCl , T 

FCM Rf* /pHl , mcl , T 

Linearised 

R R2 

0.77 

0.77 

0.91 

0.84 

0.59 

0.59 

0.83 

0.71 

* Fat-G-Meater reflectance value 
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The pHI value may be regarded as a biochemical pararreter. The WIlCl 
value (Grau and Hanm 1959) according to Hofmann et al (1982) represents a 

structure pararreter for Which until now there was no mathematically fixed 

limit between PSE and non PSE material. A further structure pararreter was 

consulted to get a value independent of pHI' The relationship between 

WIlCl and DIV can be adequately described by a linear function. Using a 

third degree polynan in the corrparison an inflection was obtained. This 

inflection in the function of the two structure-related pararreters WIlCl 
and Dl V marks the limit between PSE and non PSE material and is fixed 

independently of the pHI value. 

In series A (n = 980) the WIls. limiting value for PSE was 0.64 

In series B (n = 1117) the WIlCl limiting value for PSE was 0.65 

In series C (n = 458) the WIlCl limiting value for PSE was -0.64 

For quality control purposes these limits may be entered in the 

curvilinear function of WIlCI against pHI (Fig 8). The limit 0.64 falls on 

pHI 5.55 thereby confinning indirectly the pHI limiting value for PSE. 

For differentiating between PSE and non PSE material on the 

slaughterline the pHI and WIlCI values are not practical. However, 

alternative methods must correlate as closely as possible with these two 

values. 

Traits recorded at 24 h post nortem were less well differentiated 

than those collected in the first hour post rrortem. As the distril:utions 
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:in the frequency polygons derronstrate neasurenents on cold carcasses did 

not clearly discriminate rebleen PSE and non PSE material. 

Geo!retric delimitation us:ing statistical data 

The georretric delimitation of PSE from non PSE material is only 

possible on the basis of the pHI value. A transition field 5.6 < pHI 

~ 5.8 (5.9) separated the PSE and non PSE subsanples, def:in:ing them rrore 

clearly and reduc:ing dispersion. The overlap area of the double standard 

deviations of the two subsanples, which runs horizontally through the bar 

charts (Fig 13 and 14), is another uncerta:inty area for classification :in 

addition to the pHI region from 5.6 to 5.8 (5.9). The superiority of DIV 

compared with RM values can re seen :in the bar charts by conpar:ing the 

overlap areas. The limits indicated by a polynom approximation on the 

respective frequency polygons are also confirned here (Fig 13 and 14) • 

An atterrpt was made to find graphic limits for PSE and non PSE 

material from the LF 1 value (series B). It is evident :in Figure 15 that 

the LF 1 values for non PSE carcasses fall completely with:in the double 

standard deviation of the PSE subsanple. As a consequence no definite LFI 

limits for non PSE carcasses can re determined. In series B, no LFI values 

relow 0.98 (non PSE area) 'here found. 

Discriminant analysis 

For comparative reasons data from series B (n = 651) 'here used for 

this analysis. The number of carcasses neasured for LF 1 was the limit:ing 

factor. A standardisation of the discriminant coefficients (DIV and RM 

values for the PSE or for the non PSE groups) derronstrated that the result 

of the discriminant analysis was determined by the DIV value(96.2%)rrore 

than by the RM reflectance value (3.8%). 

The complex conductivity (MS Tester) was exchanged for the simple 

conductivity (LF instrunent, type LF DIG 550) and the latter combined with 

the FCM reflectance value. A standardisation of the discriminant 

coefficients derronstrated that allocation by neans of discriminant analysis 

was determined by the LF 1 value (81. 35%) rrore than by the FCM reflectance 

value (18.65%). 

Standardisation of discriminant coefficients for Dl V and LF 1 values 

neasured in PSE or in non PSE material (pHl~ 5.6 and pHI> 5.8 respectively) 

derronstrated that 95.5% of the results 'here obtained by the DIV value and 

only 4.5% by the LFI value. 
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Fig. 13 Bar chart showing 01 V values (neans :t 2 SO) for sanples 
classified as PSE or non psE on the basis of pHl values. The 
overlap region (horizontal shaded zone) indicates uncertain quality. 
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sanples classified on the basis of pHl values. Vq.lues in the overlap 
region (horizontal shaded zone) indicate uncertain neat quality. 
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CCNCLUSICNS 

1. Statistical evaluations of neasurenents for differentiating between 

PSE and non PSE material should be made on a sufficiently high number 

of data. 

2. The distribution of PSE and non PSE material in the population should 

be balanced. 

3. Paraneters chosen for classifying PSE and non PSE material should 

derronstrate a birrodal curve in the frequency polygon. 

4. The pHI limits for identifying PSE and non PSE material ~e cOnfirrred 

by the statistical results. 

5. Independently of pHI' a limiting value between PSE and non PSE material 

for water holding capacity was fixed using a mathematical function. 

6. There was good agreenent between pHI and me limit values. 

7. A curvilinear function described the relationships between most of 

the traits neasured more correctly than a linear one. 



8. Traits neasured in cold carcasses were inadequate for detecting PSE 

because they did not rreet the demand for biIrodal distritution in the 

frequency polygon. 
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9. Taking pHl values on the slaughterline is not practical. Three 

alternatives were tested. The FCM reflectance value neasuring colour 

brightness and the LF 1 value neasuring electrical conductivity were 

found to be inadequate. The canplex conductivity neasured by the 

MS Tester (LerrgO rrodification) at 45 minutes post rrortern in pretreated 

M. longissinus dorsi gave the closest fit to pHl and mCl data. 
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The suitability of electrical conductivity nEasurercents for 
determining nEat quality in pigs was investigaged. Electrical 
conductivity (EC) was IlEaSured l::et:vam 40 and 60 min postnortem and 24 hr 
postnortem in different rwscles of al::out 3500 purebred and crossbred 
female pigs at the experiIlEntal station. In addition this nEthod was 
used under practical conditions in four slaughterhouses on 17000 pigs. 
The observed accuracy, precision and validity qualifies this nEthod as a 
safe and simple nEasurerrent for predicting nEat quality at 40 min 
postnortem and also for quality control in the purchase of chilled 
carcasses at 24 hr postnortem. On the basis of the usual nEthods for 
identification of nEat quality different grades 'Nere derived for the 
cDIlllErcial classification of pig nEat quality. The EC nEthod has l::een 
introduced on trial in German pig progeny testing stations. 

INTRODUCrICN 

The marked antagonism l::et:vam leanness, especially rruscle 

conformation, and nEat quality is the result of economic preference for 

extrerrely nEaty pigs with a pronounced shape of the ham. The lack of 

consideration of nEat quality in the pig carcass grading system has 

resulted in an increase in the incidence of nEat quality defects. A 

suitable nEthod for the identification of nEat quality during the grading 

of pig carcasses was not available. For this reason the market was 

unable to give financial incentives to the pig breeder and producer for 

inproving nEat quality at the desired high level of leanness. Therefore 

in 1980 ~ COlllt'eI1ced to develop a practical nEthod for determining nEat 

quality in the slaughter line by using the physical principles of the 

electrical conductivity of rruscle, according to the principles descril::ed 

by Banfield and Callow (1935), Sye (1969) and Swatland (1980). This 

paper revi~ the experiIlEntal results and their practical application in 

the slaughterhouse 

MATERIAlS AND ME:I'HODS 

Al:out 3500 pigs of different breeds and crossbreeds at our 

experiIlEntal station 'Nere used. Additionally 17000 pig carcasses 'Nere 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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examined in a field test in four catIrercial slaughterhouses. Breeds of 

animals tested and sanple sizes are presented in Table 1. 

TABLE 1 Number and origin of pigs in the experinent 

Breed Sanple 1 Sanple 2 Sarrple 3 

German Landrace (DL) 261 330 594 
Belgian Landrace (LB) 113 203 418 
Pietrain (Pi) 108 169 315 

Halothane negative 

German Landrace, DL (HN) 103 130 
} 541 Pi x DL (HN) 123 

Other crossbreeds 50 

The pigs were kept under standardized conditions of feeding, housing 

and slaughter. They were fattened to a final live weight of al::xJut 100 kg. 

The criteria used for neasuring neat quality are listed in Table 2. 

TABLE 2 Criteria applied for the determination of neat quality 

M. longissimus dorsi M. sem:i.rrembra11osus 

1 pH40 value2 x 
pH24 value3 x 
EC40 value4 x 
EC value x 
Me~! structure x 
tester (MST) 
GOfo value x 
(reflectance) 
Elrepho value x 
(reflectance) 
Transmission value x 
Firmness x 
(Rigorneter) 
Visual score x 

IpH40 = pH value at 40 min postnortem 

2PH24 = pH value at 24 h postnortem 

3EC40 = Electrical conductivity at 40 min postnortem 

4EC24 = Electrical conductivity at 24 h postnortem 

x 
x 
x 
x 
x 
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The Meat Structure Tester (MST) as originally equipped and operated 

did not give a procise differentiation of neat quality. By rrodifying 

this instrurrent to use spocified steel eloctrodes and give a digital 

display of the voltages neasured, very high correlations (r = 0.93) were 

found betvleen the EC values and the MST voltage values. These results 

confirm the s:imilar physical principles of the tv;o nethods concerning the 

eloctrical properties of I1Uscle tissue. 

The physical basis of eloctrical conductivity in postrrortem nuscle 

is described in detail in a ~king hypothesis by Swatland (1980) that 

explains postrrortem changes in resistivity and capacitance in nuscle. 

The intact rrembrane of myofibers operates like an insulator. In 

postrrortem nuscle with developing PSE characteristics the rapid docline 

of pH and d:iminishing ATP reserves damage the IT\Yofiber rrembrane and its 

insulating function is lost. The disrupted rrembranes allow continuity of 

extracellular and intracellular fluid and cause a generalized reduction 

of resistivity and a corresponding increase in conductivity. 

Eloctrical conductivity was neasured using the Kondukt.oneter 

LF DIGI 550, operating on a frequency of 4 kHz, and su1:sequently using a 

new rrodel LF 191 (1 kHz) (Fa. WIW, Weilhe.im, Germany). There is a 

constant difference in the neasurerrents between the two instrurrents of 

nearly -0.7 mS for the LF 191 with the l~ frequency. The probe 

consists of tv;o stainless steel needles 6 rrm in diarreter, 70 rrm in length 

and 15 rrm apart. The needles were insulated by sleeves of 48 rrm in 

length to ensure that the surface area of the electrodes in contact with 

I1Uscle tissue was constant for every neasurerrent. 

This insulation prevented contact of the eloctrodes with 

intercostal tissue in neasurerrents in M. longiSSimus dorsi of intact 

carcasses. For standardized neasurerrents the full length of the 

eloctrodes was inserted into the nuscle. 

The high accuracy and procision of the conductivity neasurerrents 

was shown by coefficients of repeatability of 1. 0 in KCl standard 

solutions and of 0.97 in carcasses. In contrast to pH neasurerrents, 

instrurrent handling is very sin:ple and rorust, without need of frequent 

calibration chocks. The validity of the EC nethod was chocked in a 

cClIlprehensive study by cClIlparison with ~ll known standard reference 

nethods. 
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RESULTS AND DISCUSSICN 

1. Influence of tine of neasurenent 

Postnortem changes in nuscle reflect a dynamic process, therefore the 

opt.iJrum neasuring tine for differentiation of neat quality was determined. 

Figure 1 shows changes over tine in the EC values of neat of 

different quality classes. The threshold EC values for classification of 

neat quality in three grades (good, uncertain, deficient) \Ere derived 

by discriminant analysis. In carcasses with superior neat quality 

(EC (, 5.0 mS) there was only a small increase in conductivity within the 

tine interval of 30 to 60 min postrrortem. Also these values shov;ei little 

variability. The curves of the t\\O other neat quality classes rose 

markedly within that tine interval and shov;ei wide variability in the 

neasurenents • 

18 

15 

.. .. 
12 

II 

10 

EC (ms) 

------------------------------

30 35 
j 

40 
j 

45 

Minutes postrrortem 

so 55 60 

Fig. 1 Changes in electrical conductivity values as a function of 
tine postrrortem for mlscles of different quality. The threshold 
EC40 values \Ere 5.00 and below = good quality (-- ); 5.01 to 
8.99 = uncertain quality (--); 9.00 and above = deficient 
quality (--). 
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The optiIrum tine for differentiation was 40 or 50 minutes postnortem. 

Practical considerations indicate that neasurerrent at 40 min postnortem 

w:mld be convenient as that is the tine of corrrrercial carcass grading 

procedures in slaughterhouses. The present results are based on 

IIEasurenents taken at 40 min postnortem. If necessary neasurerrents can be 

made at 50 or 60 min postnortem, with appropriately redefined threshold 

values for classification of neat quality. 

Threshold values for different tines postnortem derived using the 

present material and conditions are given in Table 3. These values may 

have to be adapted for individual situations. This is especially true 

for the EC24 results, which can be influenced by several factors 

occurring after classification, including nethods of chilling and transport 

of carcasses, and others. 

TABLE 3 Threshold values for the classification of neat quality by 
EC neasurerrents at different tines postnortem 

Tine of neasurenent 

Meat quality 
grades 

Good 
Uncertain 
Deficient 
(PSE) 

40 

! 5.0 
5.01-8.99 

~ 9.0 

min postnortem* 
50 

~ 5.5 
5.51-10.49 
~ 10.5 

* Temperature of muscle 41 - 390C 
** Temperature of muscle 4 - 60C 

2. Influence of tissue temperature 

hr postnortem** 
60 24 

~ 6.0 
6.01-10.99 
~ll 

~ 8.5 
8.51-10.49 
'::10.5 

Electrical conductivity depends generally on the temperature of the 

medium. In early neasurerrents made between 30 and 60 minutes postnortem 

the muscle temperature in carcasses varied by al:out 20C (from 41 - 39°C). 

The calculated correction for the temperature effect results in 

maxilrum differences of 0.4 IllS which is negligible and does not justify 

the use of a temperature cCJIrpensation probe. The neasurerrent of 

conductivity in carcasses after chilling was carried out at a lower rut 

unworm temperature level (4 - 6°C). Consequently in routine neasurerrents 

at this tine technical equiprcent for cCJIrpensatiOn of temperature is also 

not needed, if threshold values for classification of neat quality are 

applied under standard conditions. 
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3. Location of rreasurenents 

Electrical conductivity was rreasured in M. sem:irrernbranosus, 

M. gluteus !lEdius and M. longissimls dorsi at various locations. The rest 

results v.ere obtained in M. longissirrus dorsi in the middle region (13th/ 

14th rib) of the back. This point of rreasurerrent gives the rest 

indication of rreat quality especially for detection of PSE in the whole 

carcass. Measurerrents in the ham showed differences in rreat quality 

reb.een the tv.o sides of the carcass. This is caused by the triggering 

effect of unilateral shackling of the leg and elevation immediately after 

stunning, Ifhich leads to higher OC values in this half of the carcass. 

2. Validity of rrethods for detennining rreat quality based on electrical 
changes in postmortem muscle 

The relative frequencies of rreat quality grades obtained using 

different rretilods for rreasuring rreat quality in pig carcasses are 

presented in Table 4. 

TABLE 4 Frequencies of rreat quality grades obtained using different 
rrethods (Measurerrents v.ere made in M. longissirrus dorsi of 169 pig 
carcasses) 

Meat quality grades 
Methods 

Good Uncertain Deficient 

Meat Structure Tester 81.1 18.3 0.6 

OC40 value 40.3 18.9 40.8 
PR!8 value 38.5 15.4 46.1 
GO value 23.7 31.3 45.0 
Visual score 25.3 24.7 50.0 

Quality grading by OC40 was in good agreerrent with classification 

by the other reference rrethods. Quality identification with the 

original version of the Meat Structure Tester was not satisfactory. As 

rrentioned al:x:>ve, sorre technical rrodif ications provided results that were 

conpatible with EC rreasurerrents. 

Correlations retween the different rreat quality criteria indicate 

that OC40 is a suitable rretilod for characterising rreat quality (Table 5). 

Data for most of the quality criteria wPre not normally distributed. 

Before statistical treatrrent the values were transfor!lEd mathematically 

to eliminate kurtosis and skewness. A suitable transformation for 
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EC40 values was found to be the decadic or natural logarithm. 

The relationship betvJeen the EC40 value and the reference nethods 

for final expression of neat quality at 24 hr is stronger than that betvJeen 

the pH40 value and these criteria. A correlation coefficient of 0.45 was 

found betYam the EC40 values in M. longiss:inus dorsi and M. serninemb

ranosus. Consequently identification of the PSE condition in the loin 

rruscle does not allow any definite conclusion concerning quality in the 

ham. The correlation betvJeen the EC40 value in M. longissimus dorsi and 

the pH24 in M. semirrernbr'anosus tends towards zero. This is inportant with 

respect to the identification of DFD carcasses. 

In the present material and conditions of slaughter no DFD muscles 

~e detected, using the classical limit of pH values at or aJ:ove 6.2 in 

the ham. DFD neat occnrs mainly in the ham of exhausted stress

snsceptible pigs. 8nch material shows little or no decline in pH betvJeen 

40 min and 24 hr postnortem in M. semirrernbr'anosus. Carcasses ~e 

selected with pH values in the ham of 5.9 or aJ:ove at roth tiTlEs of 

neasurenent. It was observed that these pigs had EC40 values of rrore than 

5 in M. longissinus dorsi with a tendency towards the deficient quality 

class. 

For selection prrposes ~ have estimated coefficients of 

heritability for the EC40 value. They are in the SanE range as those of 

the other reference criteria. The rrost effective way to breed for better 

neat quality seems to be the use of independent selection limits for neat 

quality criteria or with the halothane test. 

The neat quality characteristics of pigs graded using EC 40 threshold 

values are derronstrated in Tables 6 and 7. A definite discrimination 

betYam the different neat quality classes was achieved as shown by the 

other criteria used to identify neat quality. It was concluded that 

EC40 is an effective neasurenent for differentiation of neat quality on 

the slaughter line. Additionally the EC24 values is suitable for quality 

control in cold carcasses and in neat processing. 

5. EC neasurenents under field conditions 

The technical performance of the condnctoneter used was tested in 

17000 pigs in four slaughterhouses operating at about 350 pigs per hour. 

The resnlts are given in Figure 2 as a frequency distril::ution of neat 

yield and quality grades. 

For the routine application of EC neasurenents in the slaughterline 
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Fig 2. Frequency distril:ution of rreat yield and neat quality 
grades of commercially slaughtered pigs (n = 17000). 

further technical equiJ;XlEI1t for data processing combined with carcass 

grading is desirable. The final aim in pig production is oost served by 

achieving the optimum payrrent for pigs of the required leanness and good 

quality neat. 
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THE MEASUREMENT OF LIGHT SCATTERING PROPERTIES AT 45 min POST MORTEM FOR 

PREDICTION OF PORK QUALITY 

ABSTRACT 

P.G. van der Wal, H. Nijeboer, G.S.M. Merkus 

Research Institute for Animal Production "Schoonoord", 
P.O. Box 501, 3700 AM Zeist, The Netherlands 

Meat quality measurements were carried out on 123 slaughter pigs at 
45 min post mortem. The measurements consisted of determinations 
of light scattering with carcass grading equipment, i.e. the Danish Fat
o-Meat'er (FOM) and the New Zealand Hennessy Grading Probe 2 (HGP) , and 
the Fibre Optic Probe (FOP), in combination with pH measurements in the 
lumbar region of M. longissimus and M. semimembranosus. Addition-
ally, meat quality was evaluated visually and by tristimulus colour meas-
urements on M. longissimus 1 umbo rum at 24 h.post mortem. 

The mutual correlations between the various meat quality character
istics were quite low, despite their high levels of significance. The low 
correlations could be explained by the small variation in muscle colour 
that was present in the material under study. It was concluded that meas
urements of light scattering have limitations, only a portion of the PSE 
carcasses could be detected by using these measurements. Because of the 
small variation in muscle colour we found it impossible to clearly dis
tinguish accuracy differences among the three methods studied. A sugges
tion was made that for predicting pork quality, ~eflectance measurements 
may be improved by a shift of the measuring position from the thoracic to 
the lumbar region of M. longissimus. 

INTRODUCTION 

201 

The Fibre Optic Probe (FOP) can be used as an alternative to pH meas

urements in the detection of PSE and DFD meat (MacDougall, 1984). This con

clusion was based on ultimate FOP measurements 24 h post mortem (p.m.) in 

relation to pH values 45 min and 24 h p.m. Somers and Tarrant (1984) al

ready indicated that FOP values 45 min p.m. were significantly correlated 

with panel scores for meat quality at two days post slaughter. These find

ings were in agreement with those on Dutch slaughter-pigs (Van der Wal et 

al., 1985). 

A recent development is the incorporation of meat quality,determined 

using reflectance measurements,in the evaluation of carcass quality. 

It has been shown that the Danish grading probe FOM (Fat-o-Meat'er) pro

vides reliable information about the PSE condition of the carcass (Sack et 

al., 1984). The New Zealand Hennessy grading probe (HGP2) is currently also 

suitable for meat quality measurements. Therefore, it was decided to meas

ure the meat's light scattering with both types of grading equipment and 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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the FOP at slaughter, and to compare the data with an instrumental colour 

measurement together with a visual evaluation of pork quality based on 

wetness, colour and texture, carried out at 24 h post mortem. 

MATERIAL AND METHODS 

Reflectance measurements with the FOM (Fat-o-Meatler; SFK, DK 2650 

Hvidovre, Denmark), HGP (Hennessy Grading Probe (GP2); Hennessy and Chong 

Ltd., Auckland, New Zealand) and FOP (Fibre Optic Probe; TBL Fibres Ltd., 

Leeds LS10 1AU, England) were performed in a commercial slaughter house 

on M. longissimus from the left side of 123 pork carcasses at approximate

ly 45 min p.m. 

The FOM measurements were carried out in M. longissimus between 

the 3rd and 4th lumbar vertebrae (3/4LV) 8 cm from the dorsal midline (FOM-

1; FOP-I) and between the 3rd- and 4th-from-1ast ribs (3/4LR) 6 cm from 

the dorsal midline (FOM-2; HGP-2; FOP-3). FOM reflectance measurements 

were performed at position FOM-2. The first HGP measurement was made at 

the last rib (LR) 8 cm from the dorsal midline (HGP-1; FOP-2), while the 

second measurement was made at the same location as FOM-2. The HGP measured 

reflectance at both positions, while an overall reflectance value was also 

calculated (HGP-O) using both reflectance values. The FOP measurements were 

made at both FOM and HGP positions. Additionally, pH measurements (Schott 

Geriite CG 818; electrode: Schott N48A) were carried out in M. semimem-

branosus (SM) and in M. longissimus lumborum (LL) at the last lumbar 

vertebra. All measuring positions are indicated in Fig. 1. 

Carcass grading according to the CEC grading system (EEC Regulation 

no. 2108/70, 20th October 1970) resulted in 23 (18.7 %) carcasses grading 

EAA, 84 (68.3 %) lA, 1 (0.8 %) 2A, 1 (0.8 %) 3A and 14 (11.4 %) lB. 

A visual evaluation of pork quality was carried out on the LL of the 

left half-carcasses at the last lumbar vertebra 24_h p.m. The visual 

scores, which were based on wetness, colour and texture, ranged from 1 

(DFD) , 2 (beginning DFD) , 3 (normal),4 (slightly aberrant), 5 (beginning 

PSE) to 6 (PSE). A comparison of the meat colour with a set of standard 

models of pork colour (Nakai et al., 1975) was made simultaneously. Fur

thermore, colour measurements according to the L*, a*, b* scale were per

formed with a tristimulus colour analyzer (Minolta Chroma II Reflectance; 

Minolta Camera Co. Ltd., Japan). 

Mean values and standard deviations of the various characteristics 

were calculated per meat quality category and mutual correlation coeffi-



cients were determined. The measurements with the HGP and with the FOP 

have been compared within carcasses using a paired t-test (two-tailed). 

4S .in p ••• 
24 h p .... 

.. ... -....... 
pH (SM) - - - - - ___ // i.,' 

I'~:> , /1 
( ) I ! 11 < yisua I scores pH LL - - - - - - - - _ U . _ n I - - - - L*a *b" (colour) 

FOH-l/FOP-l - - - - - - - -1"1 _: 

I ,'" (!,: 
'I ~L4', 

HGP- l/FOP-2 - - - - - #- - - -~~~ 

FOH-21HGP-2/FOP-3 - - r - ---~,~ 
tj'l 
t..y" 
I..I~ 

\\ :-1 A 

~ \~ 
'-r 'i.f· 
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Fig. 1. Measuring positions in the carcasses at 45 min and 24 h post mortem. 
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RESULTS 

Little variation in meat quality at 24 h p.m. was present in the mate

rial that was used in the experiment. Mean values and standard deviations 

of the various characteristics per visually evaluated meat quality cate

gory are given in Table 1. No DFD and only a few carcasses with PSE (3.3 %) 

were observed, while'beginning DFD'(l.6 %) was scarce.' Beginning PSE'was 

present in a higher percentage of the carcasses, viz. 16 %. This category 

reached 24 % when judged with the colour bar. The majority of the car

casses belonged to the visually evaluated categories 'normal' (24 %) or'some

what aberrant/(55 %). Meat quality of most of the latter carcasses showed 

deteriorations in wetness (94 %) and, at a lower level, in colour (51 %), 

while texture seldom was affected (3 %). 

Based on experience and data from the literature on reflectance val

ues and meat quality, supplemented with the data in Table 1, a division 

into three classes of light scattering was composed for the FOM, the HGP 

and the FOP at one, two and three measuring positions, respectively (Table 

2). Two of the PSE carcasses, i.e. meat quality category 6, scored FOM 

reflectance values above 40, while the other two had values below 35. Light 

scattering determined with the HGP at position 1 (LR) indicated 2 PSE car

casses with a reflectance above 50, but also carcasses in the categories 

'normal' (2), 'slightly aberrant' (2) and~beginning PSE' (1). Comparable results 

were obtained with HGP measurements at position 2 (3/4LR). Calculated HGP 

reflectance values (HGP-O) above 20 indicated 1 PSE carcass, while in the 

reflectance class 15 to 20 two other PSE carcasses occurred together with 

one carcass each in categories'normal'and'slightly aberrant. The FOP de-

tected only one PSE carcass at position 1 (3/4LV), two at position 2 (LR) , 

but none at position 3 (3/4LR), using the highest reflectance class. At 

the FOP positions 1 and 2, however, three non PSE carcasses were indicated. 

The mutual correlations between the various characteristics are given in 

Table 3. Despite the high levels of significance, the values were quite 

low. 

It was observed that the HGP reflectance values at position 1 (LR) 

were significantly higher (P < .05) than at position 2 (3/4LR), viz. 39.2 

± 6.9 and 37.6 ± 6.5, respectively. The comparisons were made within car

casses. Comparable observations were made for the FOP values at the three 

positions, which were 107.6 ± 8.8 (3/4LV), 105.2 ± 9.4 (LR) and 102.9 ± 

5.1. The differences between the values were highly significant (P ~ .001). 
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TABLE 1 Mean values (x) and standard deviations (SD) of the various meat 
quality characteristics grouped according to the visual quality 
scores at 24 h p.m. The measuring positions are indicated in 
Fig. 1. 

Mea t quali ty 
category 

n1 

~~-~!~-~.:~.: 
Reflectance 

FOM-2 

HGP-l 

HGP-2 

HGP-O 

FOP-l 

FOP-2 

FOP-3 

pH 

SM 

LL 

~~-~-~.:~.: 
Colour bar 

Tristimulus 

L* 

b* 

x 

2 

2 

30 

40 

38 

10 

108 

106 

106 

SD 

1 

4 

1 

1 

4 

4 

2 

6.6 0.2 

6.5 0.2 

4.0 0.0 

45 

14 

6 

7 

o 
2 

-x 

3 

29 

SD 

30 3 

39 7 

36 7 

9 3 

107 11 

104 7 

102 5 

6.3 0.3 

6.3 0.3 

3.1 0.1 

51 

14 

8 

3 

2 

1 

x 

4 

68 

30 

38 

37 

9 

106 

104 

102 

SD 

3 

5 

6 

2 

6 

6 

5 

6.2 0.3 

6.2 0.3 

2.6 0.3 

53 

14 

8 

3 

1 

1 

x 

5 

20 

SD 

32 5 

42 5 

39 5 

10 1 

111 10 

107 6 

104 4 

6.0 0.3 

6.0 0.3 

1.8 0.4 

58 

15 

10 

3 

1 

1 

-x 

6 

4 

SD 

38 6 

49 24 

49 12 

18 8 

120 11 

133 29 

112 7 

5.6 1.4 

5.8 0.2 

1.0 0.0 

62 

15 

13 

4 

1 

1 

1Meat quality: 1 (DFD) , 2 (beginning DFD) , 3 (normal), 4 (slightly 

aberrant), 5 (beginning PSE) and 6 (PSE) 

FOP-1: 3/4LV 

FOP-2, HGP-l: LR 

FOP-3, HGP-2, FOM-2: 3/4LR 

pH: 11. semimembranosus (SM) and M. longissimus lumborum (LL) 

Colour bar: 1 (PSE) to 6 (DFD) 

Tristimulus colour values according to the L*a*b* system 

HGP-O: calculated overall HGP reflectance value 



206 

TABLE 2 A division into light scattering classes of the carcasses 
belonging to the various meat quality categories. 

Meat quality 
categoryl 2 3 4 5 6 

n 2 29 68 20 4 

FOM-2 <: 40 1 2 

<: 35, < 40 4 3 4 

< 35 2 25 65 15 2 

HGP-l <: 50 2 2 1 2 

<: 45, < 50 4 4 4 1 

< 45 2 23 62 15 1 

HGP-2 <: 50 1 2 1 2 

<: 45, < 50 2 3 1 

< 45 2 26 63 18 2 

HGP-O <: 20 1 

<: 15, < 20 1 1 2 

< 15 2 28 67 20 1 

FOP-1 <: 130 1 1 1 

<: 125, <1~0 2 1 

< 125 2 26 68 18 3 

FOP-2 <: 130 1 2 

<: 120, <130 2 

< 120 2 29 67 18 2 

FOP-3 <: 125 

<; 120, < 125 1 

< 120 2 29 67 20 4 

lMeat quality: 1 (DFD), 2 (beginning DFD), 3 (normal), 4 (slightly 

aberrant), 5 (beginning PSE) and 6 (PSE) 

FOP-I: 3/4LV 

FOP-2, HGP-1: LR 

FOP-3, HGP-2, FOM-2: 3/4LR 

HGP-O: calculated overall HGP reflectance value 
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TABLE 3 The correlation matrix of the quality characteristics determined 
on 123 pork carcasses. 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1. FOM-2 

2. HGP-1 .27 

·3. HGP-2 .47 .33 

4. HGP-O .57 .44 .87 

5. FOP-1 .34 .24 .32 .43 

6. FOP-2 .41 .26 .45 .71 .60 

7. FOP-3 .47 .49 .50 .64 .49 .70 

8. pH 8M .22 .34 .30 .38 .23 .35 .34 

9. pH LL .17 .43 .25 .32 .22 .30 .33 .69 

10. quality .29 .23 .29 .37 .24 .34 .23 .40 .39 

11. c.bar. .30 .25 .31 .40 .27 .34 .32 .41 .36 .84 

12. L* .28 .21 .31 .36 .23 .28 .24 .37 .33 .69 .66 

13. a* .06 .08 .02 .47 .09 .18 .13 ,26 .21 .07 .07 .24 

14. b* .28 .20 .30 .39 .25 .40 .29 .44 .40 .66 .65 .69 .41 

1-7 Reflectance values with FOM, HGP and FOP; the measuring positions 

are indicated in Fig. 1. 

8-9 pH values in M. semimembranosus (8M) and M. longissimus 1umborum 

(LL) 

10 Visual score for pork quality 

11 Colour bar: 1 (P8E) to 6 (DFD) 

12-14 Tristimu1us colour values according to the L*a*b* system 

r .18 : P ~ .05 

r = .23: P ~ .01 

r = .29: P ~ .001 
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The differences between the pH values that were determined in the SM and 

the LL were significant (P < .05); the SM's pH was lower. 

DISCUSSION 

A poorer meat quality corresponded with higher reflectance values and 

an increased lightness expressed by higher tristimulus L* values. The mu

tual correlations between the FOM, HGP and FOP reflectance values were 

quite low compared to other experiments with FOM/HGP and FOP equipment 

(Lundstrom et al., 1985; Van der Wal and Nijeboer, 1985). Comparable low 

correlations were found between reflectance values and the visual meat 

quality scores and tristimulus colour measurements. An explanation for 

the poor correlations is probably due to the lack of sufficient carcasses 

with a DFD or PSE appearance. The colour of 8 (6.5 %) carcasses was eval-

uated as very pale, while a somewhat dark colour was found in only 2 

(1.6 %) carcasses. The majority of the carcasses scored normal for colour 

(50.4 %) or slightly aberrant (41.5 %). Failures in meat quality not only 

depend on colour; they can also be the result of excessive wetness and 

loose texture. In our study most of the carcasses in meat quality category 
\ , \ , 
slightly aberrant (cat. 4) and all beginning PSE and PSE carcasses, being 

71.5 % of the total material, showed deteriorations in wetness. However, 

wetness is not necessarily detected directly with equipment specificially 

designed for measuring the scatter of light. The failure to measure wet

ness, which contributes to the visual quality score is another explanation 

for the low correlations between the reflectance values and the quality 

scores. Despite the poor correlations between the various reflectance 

values and the other characteristics, most of them were highly signifi

cant. It can be concluded that measurements of light scattering have li

mitations, especially when the variation in muscle colour is limited. This 

also can be deduced from Table 2. Only a portion of-the PSE carcasses 

could be detected by using the higher reflectance classes. The limits for 

the three reflectance classes, however, were arbitrary. They have to be 

changed when more information from other experiments conducted under 

slaughterhouse conditions becomes available. Based on the data presented 

above it is not possible to clearly distinguish accuracy differences in 

meat quality determinations by reflectance measurements among the three 

methods that were studied. 
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Thw HGP and FOP measurements confirmed that meat quality, indicated 

by colour in particular, is not constant along M. longissimus. The 

cranial part of the muscle is less susceptible to an aberrant quality than 

the lumbar region (Lundstrom et al., 1984; Van der Wal, 1985). These 

data suggest that for predicting pork quality, reflectance measurements 

may be improved by a shift in the measuring positions, i.e. from the 

thoracic to the lumbar region of M. longissimus. 
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EVALUATICliI OF MEAT QUALITY CHARACTERISTICS IN THE ITALIAN HEAVY PIG 

SSTRACT 
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Villa Levi, Coviolo, 42100 Reggio Emilia, Italy 

~ surveys were made on 1008 and 205 carcasses to study several 
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eat quality traits and to assess qualitative aspects of neat from Italian 
leavy pigs. Measurerrents were made of pHl' pH , water holding capacity 
:WHC) by Filter Paper Press (FPP) and Kap~llarUVolurreter (KV), drip loss 
md colour (Hunter !:!.'~'£>. Values for pHl , pH and FPP were taken in 
leveral ItUsclesand nuscle sites. The carcasse1§ were subjectively 
:lassif ied as normal, PSE or DFD. 

The incidence of PSE was 4.1 percent and very little DFD was found. 
Urrost all of the neat quality traits were correlated with each other. 
iliattoir effects strongly influenced the pararreters tested., Measurerrents 
)f pH]' FPP and KV only provided a rough index for PSE estimation. An 
rlvan'Eage of pHi is that it can te neasured rrore easily, quickly and 
~heaply than the other pararreters. 

Drip loss averaged 3.9 percent with a range from 1.2 to 10.2 percent 
:md a non normal distrirution. Spearman's rank correlation coefficients 
:;~ a link te~ drip loss and other pararreters. The high correlation 
with the L value of the L,a,b system is of special interest for estimating 
jrip loss - in the early p)st'-slaughter period using portable instrurrents. 

INTRODUCTICliI 

Italian pig breeding differs from that of other European countries, 

producing chiefly a heavy pig, all of which, except for the loin, is used 

for processing. The main aim of heavy pig production is to obtain typical 

seasoned products, in particular hams and quality salami. In Italy , then, 

neat quality is extrerrely irrportant, not only from the point of view of 

nutrition and taste, rut for processing technology (Russo, 1984). 

Our goal was firstly to assess neat quality in a typical area of 

heavy pig production, the Po Valley, and secondly to .detennine the effect 

of different sources of variation including sex, genetic type, abattoir, 

carcass weight and slaughtering season. A third aim was to evaluate the 

incidence of PSE and DFD and to find out whether limit values for these 

conditions can te established for the normal population. To achieve these 

aims, a first survey assessed neat quality, pHl' pHu and water holding 

capacity (WHC) in a sample of 1008 carcasses. In a second trial, drip 

loss and its relationship with pH value, WHC and colour was evaluated. The 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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effect of different sources of variation has been discussed in a previous 

paper (Bosi et al., 1985). 

MATERIAIS AND METHODS 

In the first survey, 1008 heavy pig carcasses ~e randomly chosen, 

over a tv.x:J-year period, from five abattoirs located in the Po Valley. 

Knowledge of genetic type was the only restriction. In the second survey 

205 heavy carcasses from different farms in the Po Valley and slaughtered 

in the sane abattoir, w=re used. 

Atout 25 carcasses per day ~e examined in the first survey and 

al::out 6 per day in the second survey. Maxim..nn transportation tiIre from 

farm to abattoir was 2h. Alnost all the pigs w=re slaughtered after a 

night's rest. Sex, genetic type and carcass w=ight ~e recorded. The 

average carcass weight was 132:!:23 kg in the first test and 135 :!: 14 kg in 

the second. Tlie predominant genetic type was Large White x Landrace, rut 

there ~e also Large White, Landrace and several crosses with Duroc and 

Spotted breeds. 

In the first trial, rreat quality was rreasured on the right side of 

the carcasses. The pHl and pHu w=re taken on M. sernirrernbranosus (SM), 

M. biceps ferroris (BF), and M longissim.ls dorsi (ill). In the ill pH values 

~e taken at the 6th rib (6r), where the loin cut ('lombata') separates 

from the neck cut ('cOPpa') and at the last rib (Lr). 'l\ox) portable 

Digipok Radiorreter pH rreters fitted with Ingold prore-type electrodes 

w=re used. At 1 h post rrortem a 0.5 kg sample of ill was taken from the 

6th rib and four hours later, water holding capacity (WHC) was tested with 

a Kapillar Volurreter (KV) and by the filter paper press (FPP) rrethod. 

WHC was also rreasured on the BF by FPP in the sane area where pH values 

had reen taken, 5 and 30 h post rrortem. The KV was described by Hofmann 

(1975). Readings w=re taken at 30, 60, 90 and 120 seconds rut only the 

60 second data are reported here. From an operational point of view, this 

seems to be the rest tiIre as it was rrore highly correlated with the 

readings taken at 90 and 120 seconds than was the 30 second reading and 

was less tiIre consuming than the forrrer (Russo et al, 1982). The FPP 

area was determined according to Grau and Hanm (1957) with a rreat sample 

of 0.3 g and a 1 kg w=ight applied for 5 minutes. The values obtained 

correspond to the difference retw=en the whole w=t area and the rreat 

area. The carcasses w=re classified as PSE or DFD if they clearly showed 
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:raits of these conditions in the loin or ham when subjectively assessed. 

In the second trial, which also ain'ed to study the rreat quality/ 

pantity ratio (Russo et al, 1985), pH values of the left side ~e taken 

in the sarre way as those taken in the first trial, except that the cranial 

reasurerrent on the LD was taken at the 7th rib (7r). WIlC was rreasured 

ISing the FPP rrethod on the LD at 5 h post nortern. Colour reflectance and 

kip loss ~e rreasured on an LD sample. Colour was rreasured by the 

~,~,£ rrethod, using a Hunterlab Colorirreter (Santoro et al., 1978). Drip 

Losses ~e calculated according to the rrethod of Honikel (personal 

~onmmication) which consisted of suspending the LD sample (arout 2.5 em 

:hick) inside a plastic bag, at 0 to 40 C for 48 hours. Drip losses were 

~ressed as the percentage decrease in the ~ight of the sample compared 

to initial ~ight. 

3tatistical rrethod 

All variables ~re tested for degree of fit to a nonnal 

:listrib.ltion. Only the FPP area on the BF at 30 h post rrortern and pHl at 

the 6r of the LD ~re nonnal. All the others differed significantly from 

:lonnal distrib.ltion (P < 0.05). Suitable transforrrations ~e used to 

:lorrralise the other variables except the FPP at 5 h post rrortern and drip 

loss. 

In the first survey an analysis of variance for the data relative 

to the three rreat quality groups was rrade. Where variables ~e not 

norrrally distriwted, transforrred values ~e used. For FFP areas at 5 h 

post rrortern this was not possible and consequently an analysis of variance 

was not done. 

Overall correlations be~ rreat quality variables ~e also 

jetermined. The correlations be~ other variables and FPP at 5 h 

post rrortern and drip loss ~re rrade with the non-pararretric test of 

Speannan (Snedecor and Cockran, 1980). 

RESULTS 

Meat quality traits for the whole sample in the first survey are 

reported in Table 1. The rrean pHl values ~e different in the various 

llUscles (P<O.Ol) and bet~ the tYX> LD sites (P<O.Ol). The value for 

the BF was the highest. The pHu was less variable than the pHl in the 

different nuscles and rreasurerrent sites. All WIlC rrethods s~ a high 
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variability and included values equal to zero. For the FPP nethod at 5 h 

post rrortem a high percentage of zero values, arrounting to 23.2% for the ill 

and 39.2% for the BF was found. '!he distrihltions of these neasurenents 

were significantly different from nonnal and it was not possible to 

nonnalise them with the usual transformations. 

Meat quality traits for carcasses subjectively assessed to re normal, 

PSE or DFD are reported in Table 2. In the whole sanple there were 4.1% 

and 0.5% PSE and DFD carcasses respectively. The average values for pH 

and WIlC in the three quality groups showed statistically significant 

differences. Similarly, significant differences were found within each 

quality group for the different mlScles and neasurenent sites. In the PSE 

group zero values for FPP areas did not arise. Of the five DFD sanples 

only tw:::> showed zero values for FPP areas at 5 h post rrortem. 

TABLE 1 Meat quality characteristics in the carcasses of Italian 
heavy pigs from the first survey. Measurenents of pH and water holding 
capacity (WIlC) using the Kapillar Voluneter (KV) and filter paper press 
(FPP) rrethods were carried out on M. longissinus dorsi (ill), 

M. sem:i.rrembranosus (SM) and M. biceps ferroris (BF) 

P!i1 

pH 

LD, 6th rib 

LD, last rib 

SM 

BF 

-u 
LD, 6th rib 

LD, last rib 

SM 

BF 

WHC with KV 

LD, 6th rib 

WHC with FPP 
LD, 6th rib 

BF, 5 h 
BF, 30 h 

Number of 

carcasses 

999 

915 

992 

940 

952 

917 

979 

942 

({-tl) 983 

(cm2) 1000 

(cm2) 426 

(cm2) 963 

Mean 

6.09 

6.27 

6.33 

6.38 

5.65 

5.68 

5.75 

5.74 

40.1 

2.46 

1.22 

3.17 

S D* 

0.35 

0.32 

0.33 

0.29 

0.17 

0.19 

0.21 

0.20 

16.9 

1.89 

1.49 

1.15 

C V 

5.7 

5.1 

5.3 

4.5 

3.0 

3.3 

3.7 

3.5 

42.1 

76.8 

122.1 
36.3 

Range 

5.21 - 7.04 

5.23 - 7.00 

5.23 - 7.04 

5.41 - 7.09 

5.10 - 6.51 

5.10 - 6.90 

5.18 - 6.99 

5.22 - 6.70 

o - 115 

o - 8.89 

o - 5.59 

o - 7.42 

* Standard deviations. Values are included for variables that were not 
normally distributed. 
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Meat quality traits for the three quality groups at the five 

abattoirs are reported in Table 3. Three of the five DFD carcasses were 

found in a single abattoir. The percentage of PSE was also found to l::e 

different in the five abattoirs. Indeed, a high variability was found 

l::etween abattoirs for all the pararreters examined. 

Threshold pHI and WHC values that include different percentages of 

PSE carcasses, and the percentage of normal carcasses included within these 

limits, are given in Table 4. For all the pararreters considered, the 

percentage of normal carcasses within the threshold values that included 

all of the PSE carcasses was extrerrely high. This percentage decreased 

TABLE 2 Meat quality characteristics in carcasses of Italian heavy pigs 
that were subjectively assessed as normal, PSE or DFD. Mean values and 
standard deviations are shown. The abbreviations used are explained in 
Table 1. 

Normal P8E DFD 

Mean 8 D Mean 8 D Mean 8 D 

Nurnter of carcasses 962 41 5 
Percentage 95.4 4.1 0.5 

pH 
-1 

LD, 6th rib 6.11 0.35 5.63 0.20 6.24 0.29 
LD, last rib 6.29 0.30 5.86 0.31 6.43 0.29 
8M 6.35 0.28 6.00 0.36 6.44 0.21 
BF 6.39 0.28 6.06 0.32 6.44 0.24 

pH 
-u 

LD, 6th rib 5.66 0.17 5.55 0.15 5.85 0.07 
LD, last rib 5.69 0.18 5.58 0,20 6.22 0.41 
8M 5.75 0.20 5.67 0.19 6.40 0.26 
BF 5.74 0.20 5.67 0.20 6.24 0.23 

WHC with KV -----------
LD, 6th rib (fll) 39.4 16.5 57.2 16.7 23.2 9.1 

WHC with FPP ------------
- LD, 6th rib (cm 2) 2.37 1. 84 4.72 1. 41 2.59 1. 96 
- BF, 30 h (cm 2) 3.16 1.14 3.50 1. 03 2.24 1. 67 

- All rreans were significantly different at P.( 0.001 except for FPP in BF 
where the level of significance was 
of variance was not perforrred. 

0.05 and FPP in LD where an analysis 
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with a less rigorous threshold, rut the possibility of classifying PSE 

carcasses as normal increased. 
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The correlation coefficients J:etween rreat quality rreasurerrents are 

given in Table 5. Correlations J:etween pHl values were significant rut 

not very high, pHl also showed significant rut lower correlations with pHu' 

There was a negative correlation J:etween pHl and WHC at 5 h post rrortem, 

whereas with WHC at 30 h post rrortern, the correlation was lower or non

existent. The coefficients of correlation J:etw=en pHl and WHC taken on the 

sane rruscle were higher than those taken on different nuscles. The 

correlations J:etween pHl and WHC were higher for theFPP rrethod than for 

the KV rrethod. Correlations J:etween different pHu rreasurerrents were very 

high. There was only a few, very low, significant correlations J:etween pHu 

and WHC. WHC rreasurerrents with the FPP rrethod carried out at various tines 

post rrortern on the sane nuscle, were rroderately correlated, whereas those 

taken at the sane tine on different nuscles showed quite a good correlation.. 

A low correlation was found J:etween WHC values determined by the FPP and 

KV rrethods. 

TABLE 4 Percentages of normal carcasses that -would J:e misclassif ied as 
PSE, using threshold values that include different percentages of real 
(subjectively confirrred) PSE carcasses. The abbreviations used are 
explained in Table 1. 

pH 
-1 

mean 
LD,6r 
LD,Lr 
8M 

BF 

WHC with 
LD,6r 

IIHC with 
LD,6r 

Percentages of real PSE carcasses 

100% 
Percent 

Threshold normal 
values carcasses 

6.35 57.3 
6.10 49.1 

6.30 49.1 

6.70 91.4 
6.80 96.8 

KV 
30 68.0 

FPP 
2.0 57.8 

90% 
Percent 

Threshold normal 
values carcasses 

6.20 30.3 

5.95 33.6 
6.15 32.1 
6.50 66.6 

6.50 63.4 

39 48.0 

3.3 35.5 

80% 
Percent 

Threshold normal 
values carcasses 

6.10 26.5 
5.90 29.5 
6.10 25.0 

6.35 46.2 
6.30 35.7 

43 39.1 

3.9 24.0 
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TABLE 7 8pearnan's rank correlation coefficients re~ drip loss 
in a slice of M. longissimls dorsi and other rreasurerrents of rreat 
quality. The abbreviations used are explained in Table 1. 

r 

WHCl 0.783** 

colour2 
L 0.715** 
a 0.132 
b 0.549** 

l?!!~ 6th rib -0.571** 
ill last rib -0.541** 
8M -0.328** 
BF -0.359** 

~ 6th rib -0.296** 
ill last rib -0.286** 
8M -0.096 
BF -0.135 

~ater holding capacity was rreasured in the ill using the filter paper 
press rrethod of Grau and Hamm (1957). 

2colour was rreasured in the ill using the Hunterlab colorirreter. 

**pfO.Ol 

Mean values and coefficients of variation for rreat quality 

rreasurerrents in the second survey are given in Table 6. In this trial 

also, pHl values were different re~en nuscles, although differences 

retM:en the tw ill rreasurerrent sites were rrore m::xlerate. Variability for 

drip loss and FPP area was very high. Drip losses averaged 3.9% with 

values ranging from 1.1% to 10.2%; the distriwtion tailed considerably 

towards the highest values and was, as rrentioned, significantly different 

from normal (P< 0.01). 

The coefficients of the correlation of 8pearnan retweell drip loss 

and other rreat quality traits are reported in Table 7. With the 

exception of pHu rreasurerrents on the ham nuscles and ~ colour value, drip 

losses were Significantly correlated with the other traits (P < 0.01) • 

WHC rreasured with FPP and L colour value showed the highest correlations. 



DISCUSSICN 

The rreat quality of the heavy pig can be judged in terms of the 

percentage of the carcasses identified as PSE or DFD, as shown in the 

first survey. While DFD was very limited, the percentage of carcasses 

with PSE could not be ignored, although it did not reach as high an 

incidence as in other countries. 
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The incidence of PSE was in agreerrent with the percentage of 

halothane reactors found in Italian genetic control centres for roars of 

the Landrace (11%) and Large White (0.4%) breeds (Russo 1984). These tY.O 

breeds either purebred or crossbred provide the majority of cormercial 

heavy pigs. 

Mean values of all pararreters ~e clearly different for normal, PSE 

and DFD carcasses. No pararreter, however, was able to discriminate with 

certainty bet~n a PSE and a normal carcass. Indeed, threshold values 

which included all PSE sanples ~e unhelpful. Even in the best case, 

that of pHl on the LD, they wrongly classified 49% of the normal 

carcasses as PSE (Table 4). With l~ threshold values the number of 

carcasses wrongly classified as PSE Y.OUld be reduced rut the number of PSE 

carcasses considered normal Y.OUld be increased. The considerable 

discrepancy bet~n the number of carcasses with pHl values l~ than the 

commonly accepted PSE threshold values (potentially PSE) and the number of 

carcasses which really present this condition may be explained by the 

difference in immediate post-slaughter treatrrent of Italian heavy pig 

carcasses catpared to that of the light pig produced in other European 

countries. Within al.:out half an hour of slaughter, the heavy pig carcass 

is divided into COIlllErcia1 cuts and the dorsal lard of the loin is rerroved. 

Consequently the nuscles, in particular M longissinus dorsi, undergo 

rrore rapid cooling than occurs when the side remains whole. Even when 

there is rapid glycolysis, which lowers nusc1e pH to below normal values, 

rrore rapid cooling could prevent PSE symptans in carcasses with a 

predisposition to the condition. 

On the other hand, the effect of various factors acting :im:red.iate1y 

before, during and after slaughter, which are partly responsible for the 

variability found bet~n abattoirs for all the pararreters reported, 

Lepresents a major obstacle to the definition of valid threshold values 

for identifying PSE. Bosi et al. (1985) found that abattoir and season of 

slaughter have a statistically significant effect on pHl in the heavy pig. 

This confinns previous observations in Italy (Basi et al., 1983; Russo 
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et al. 1983) and in the U.K. (Kenpster and Cuthbertson, 1975, Smith and 

Wilson, 1978; Kenpster et al. 1982) on the irrp:>rtance of the effect of 

these ~ factors and slaughtering day on rreat quality attrihltes. 

pHl and FPP on the LD taken at the 6th rib, as shown by the large 

range of variation from abattoir to abattoir, seem nost influenced by 

slaughter conditions and particularly by the way the carcass was 

transported from stunning to splitting. Indeed in abattoirs 2 and 4 where 

the pigs were hung up from the start, rrean pHl values were !:elow 6, whereas 

in the other three abattoirs where transportation from stunning to 

dehairing was carried out on a conveyor !:elt, rrean pHl values were alxJve 6. 

These oooervations show that pHl does not allow a precise estirl'ate 

of the final rreat characteristics at the slaughterline. It provides a 

rough estirl'ate and is easy, fast and cheap. The !:est use of pHl is to 

assess batches rather than to estirl'ate rreat quality in single carcasses. 

These results agree with those of Evans et al. (1978) and Barton-Gade 

(1981). Readings of pHl taken on the SM and BF nuscles s~ less 

discriminatory capacity !:etween normal and PSE carcasses than readings 

taken on the LD. Discriminatory capacity did not iuprove if the rrean 

value of the four pHl values was used. Recognising the real limitations, 

the nost suitable site for estirl'ation of pHl was the LD at the level of 

the last rib. WHC, regardless of the rrethod used, was correlated with pHl. 

This correlation was higher when the ~ paraneters were rreasured on the 

sane nuscle and at the sane site, whereas the correlation was lowered when 

the sane paraneters were rreasured on different nuscles. The correlations 

!:e~ pHl and FPP area were generally higher than those !:e~ pHl 
and KV value. This, together with the low correlation found !:e~ the 

t1t.O rrethods of WHC analysis, shows the need to !:etter Understand their 

rre¢hanisms • 

All things considered, WHC (~ver it is determined) does not 

inprove the precision of estirl'ating PSE in carcasses and furthernore, 

especially in the case of FPP, is a nore difficult and lengthy procedure 

than pH. Finally it should !:e enphasised that WHC rreasurerrents are not 

normally distrihlted and often cannot !:e normalised with suitable 

transformations for statistical analysis, due to the high frequency of 

zero values. Consequently, non-paranetric rrethods were used to calculate 

the coefficients of correlation. 

The results of the second trial show that VJeight loss due to drip 
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can l:e considerable, even in the heavy pig. On average, drip was al:out 4% 

of the rruscle sample weight and varied considerably from carcass to 

carcass, regardless of the presence or absence of PSE. Since drip losses 

are directly translated into economic losses for the slaughter and 

processing industry, their :i.rrportance in rreat quality assessrrent is 

obvious. How::!ver, they can not l:e determined very quickly and this is 

clearly a disadvantage. Sorre significant correlations were found, 

particularly l:etween drip and WHC, and drip and !! colour value rreasured by 

!!,,§!,,!? system. As far as WHC is concerned, the correlation found was 

higher than that obtained by LundstrOm et al. (1979) and by Sorrers et a1. 

(1984) , whereas the results for colour coincide with those found by 

Sorrers et al (1984) and LundstrOm et al (1984). The coefficients of 

correlation are not directly corrparable, since in the present case, having 

ascertained that the distrilution of values was statistically different 

from the normal one, the non-pararretric rrethod of Spearman was used. 

The correlation with colour appears particularly interesting as a rreans of 

estimating drip loss in the first few hours after slaughter. Meat 

lightness can l:e rreasured on the slaughter line using portable instrurrents, 

although the problems posed by the abnormal distrilution of the values 

rrust l:e resolved. 
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The routine method of progeny testing pigs in N. Ireland is 
described and the results of additional measurements on meat quality 
reported. There is 1 itt 1 e evi dence to suggest that in the 1 ast 10 
years the selection for leanness has resulted in poorer meat quality. 
The results show that classification of carcases as PSE on the basis of 
pH,<5.9 is likely to overestimate the problem. This overestimation is 
muCh greater in the Landrace then Large White breed. Dri ploss 
measurements showed a poor corre 1 at i on with PHI, measurements and EEL 
(reflectance) values. Some pigs classified as non PSE' i.e. pH,>5.9 
had drip loss as great as 'PSE' i.e. pH <5.9 pigs. The reSults 
reported suggest that classification of car'tases as PSE should be on 
the basis of pHI and colour and not pHI alone. 

INTRODUCTION 
It has been known for some time that leaner breeds of pigs tend to 

be more stress sensitive with a higher incidence of pale soft exudative 
musc 1 e (PSE) (Jensen et a 1. 1967, MacDougall & Di sney 1967). It is 
important in any breedi ng programme, part i cu1 ar 1y when se 1 ect i ng for 
decreased backfat and/or increased lean content, that the desired 
carcase characteri stics are obtained without detrimentally affecting 
meat quality (Lister 1979). There is some evidence that in less stress 
sensitive strains of pigs selection for lean tissue growth or less 
backfat has no detrimental effect on meat quality (Standal 1979, Wood 
et a1. 1981). 

The economi closs due to PSE has been assessed in some studi es 
(Smith & Lesser 1979, Taylor, Dant & French 1973) however a reliable 
figure for economic weighting in progeny test schemes is not available. 
The relatively small amount of information on the heritability 
coefficients of meat quality parameters tends to indicate these are in 
the low range (Tarrant et a1, 1979). 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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Most workers classify carcases as PSE if the pHI is less than 6.0, 

however this may not be a reliable method of classification (Moss 1980, 

Barton-Gade 1979, Swatland 1982). Alternative methods of measuring PSE 

i.e. colour, water holding capacity, transmission values (Hart 1962) 

and protein solubility cannot be carried out until 24 h post mortem and 

may not be suitable for commercial use. The use of such methods in 

progeny test schemes may also be limited by the equipment and 

scientific skills required. 

Background to progeny testing in Northern Ireland 

Progeny testing of pigs in Northern Ireland started in 1958 with an 

Accredited Pig Herds Scheme, since then there have been several changes 
in the testing system. The present system combines progeny and 

performance test i ng and started with the revi s i on of the scheme in 

1966. Performance testi ng requires two 1 ittermate boars whi ch are 
tested for rate of 1 i vewei ght gai n, food conversion and ultrasoni c 

backfat together with 2 gilt sibs with associated carcase data 

(Table 1). The progeny test result for a sire combines the performance 

testing of 5 litter groups, each comprising 2 boars and 2 gilts, with 

detailed carcase assessment avail able for the gi lts. The test is 

carri ed out from 34 to 91 kg 1 i vewei ght, the two gi lts bei ng penned 

together and the boars penned singly. Pigs are currently fed a 

pelleted ration once a day an amount adjusted to liveweight. Although 

pigs are not fed on the morning of slaughter most pigs have a small 

amount of unconsumed food in their trough from the previous day's feed. 

Prior to 1980 pigs were meal fed twice a day and from 1980 to 1983 were 

fed meal once a day an amount of feed each could consume in 
approximately 30 minutes at each feed (the implications for meat 

quality are discussed later). The gilts are taken for slaughter when 

they reach 91 kg. The carcase measurements taken are given in 

Tabl e 1. 

The combined testing system is designed for selection of bacon type 

pigs and conditions are standardised as much as possible to ensure that 

any ensuing differences between pigs reflects their genetic merit. The 

method of pres 1 aughter and post slaughter pract ices requ i res further 

considerations in relation to meat quality assessment. Gilts selected 
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for slaughter are mixed on the lorry and transported to the abattoir as 

a mi xed group. The numbers ina load vari es from 6 to 30 pi gs with 
space allocations during transport varying from approximately 2 to 
0.45 m2/pig. The transport journey is approximately 1 h and on arrival 

the pigs are penned as one group in the lairage. The pi gs are 
slaughtered after holding in lairage for 1 to 1.5 h, using an automated 
restrainer shute and electrical stunning. The pigs are not fed on the 
morning prior to slaughter, their last feed being at 08.00 h the 
previous day, a lapse of 27 to 28 h from last feed to slaughter. 

TABLE 1 List of carcase measurements taken routinely on progeny test 
pigs in N. Ireland 

Parameter 
Carcase length 

Backfat1 

Eye muscle area 

Percentage lean in rump back 

Percentage prime cuts 

Subjective scores 

Comments 

shoulder, middle, loin, C, K 

area of cross section of M 
longissimus dorsi at the level of 
the last rib 

percentage of weight of 

side in rump back, rib back 
and ham joints 

Neatness of shoulder, quality of 

ham, back rasher score, streak 
quality, general bacon type, colour 
score of LD, firmness of fat 

1 These measurements are taken on boars only using ultrasonic 

equipment. 
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Routine meat quality assessment of the pigs consists of initial pH 

(pHI) measurements of M longissimus dorsi (LD) and M adductor (ham) 
taken at 35 min post mortem using a combined electrode probe (Russell 

CMSWL/TB). After a rapid initial chilling one side of each carcase is 

transported to the pig testing station in an insulated (but not 

refrigerated) van, these sides are then held at 1° C until the 

following day when ultimate pH (pH u) measurements are taken in the LD 

and the Ham. EEL reflectance readings are taken on the cut surface of 

the LD at the mi d poi nt along the back where the carcase is cut for 

dissection of the rump back joint. The eye muscle area (EMA) is also 

taken at the mid point along the back. 
In addition to the routine measurements of meat quality other 

methods of assessment including transmission values, expressible juice 

and bag dri p have been undertaken for cons i derat ion into the routine 

scheme. In the following discussion three aspects of meat quality will 
be considered (1) trends in selection (2) classification of PSE 

carcases and (3) use of bag drip in routine testing. 

RESULTS AND DISCUSSION 

(1) Trends in Selection 

The results in Table 2 show that in both 1975 and 1984 the 

difference in leanness between the two breeds is accounted for mainly 

by the difference in shoulder fat depth. The leaner Landrace pigs (LR) 

had greater EMA in 1975 but no difference in dissectable lean in the 

rump back joint. On the basis of Table 2 it would be difficult to 

account for differences in meat qua 1 ity between the two breeds by 

differences in leanness. Examination of the trends from 1970 to 1984 

(see Fi gure 1) shows that there has been cons i derab 1 e improvement in 

lean meat content as measured by EMA and percentage dissectable lean in 

rump back joi nt. There is very 1 itt 1 e evi dence that thi s increased 

se 1 ect i on for 1 eanness has resulted in increased PSE as assessed by 

mean pHI val ues in the LD or EEL val ues and is in agreement with 

reports of other workers (Wood, et al. 1981, Standal 1979). 
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Fig 1. Trends in lean I1Eat content and neat quality in Landrace and 
Large White pigs 
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TABLE 2 A comparison of parameters associated with leanness in progeny 

test pigs in 1975 and 1984 

Landrace Large White 

1975 1984 1975 1981 

Daily gain (kg day-I) 0.75 0.90 0.76 0.88 
Food conversion (kg feed kg gain-I) 3.04 2.70 2.98 2.66 
Carcase length (mm) 812 813 811 793 

Backfat thickness (mm) 

Shoulder 37 29 40 32 
Middle 19 14 18 15 

Loi n 18 12 20 14 

C 14 10 14 10 

K 17 11 18 12 
Eye muscle area (cm2) 33.7 38.1 31.4 38.2 

Percentage lean in rump back 55.2 61.05 55.3 60.7 

Percentage lean meat in side 59.2 62.7 59.2 62.7 
Percentage prime cuts 51.3 50.4 50.7 50.6 

Percentage carccase yield 63.0 65.6 62.6 66.4 

The annual trends presented in Figure 1 require more detailed 
consideration since factors other than genetic pressures may contribute 

to differences in meat quality. A particular example of this is the 

low mean pHI values in 1974 in both breeds, where over 44% of LR and 
20% of LW pigs had pHI values of 5.9 or less. This high incidence of 
'PSE' may be accounted for by changes from a CO2 stunning system to the 
current e 1 ectri ca 1 stunn i ng system in the abattoi r used for slaughter 

of these pi gs. The marked drop in mean EEL values from 1980 to 1981 
may be more readily accounted for by the use of a different EEL 
reflectance meter with a corresponding change in calibration procedure. 
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The decrease in EEL values from 1980 to 1981 cannot be satisfactorily 

accounted for by changes in pHI or pH u values. Examining the data from 
1981 to 1984 inclusive there does appear to be an increase in paleness 
(from 35 to 45 EEL units associated with an increase in EMA (from 33 to 
38 cm2). There does not appear to be any decrease in pHI values in the 

LD or ham over this period. 

The pH u values in LR and LW pigs are approximately 0.2 units higher 
than reported by other workers (Tarrant et al. 1979) and may be due to 
the 27 h time 1 apse between 1 ast feed and slaughter. Campbell (1984) 

showed that the change in routine from twice a day feeding with feed 
offerred on the morning of slaughter to once a day feeding at the pig 
testing station not only affected the incidence of DFD but may also 

increase pHI val ues 
mortem glycolysis. 
LD) in progeny test 

due to substrate 1 i mitat i on on the rate of post 
The current incidence of DFD (i.e. pH u>6.2 in the 

pigs is less than 3%. The time from last feed to 
slaughter may increase the aggress i veness of pi gs and thi s may also 
influence the incidence of PSE. 

(2) Classification of PSE carcases 

Most workers classify carcases as PSE if the pHI values are 6.0 or 
less. Problems inherent in the methodology of pH measurements have 

been di scussed by Bendall (1973), however, problems may also ari se in 
that in commercial situations the convenience of position and 
conditions prevailing in the abattoir on the line may dictate the time 

post mortem for pHI measurements. The pHI values on progeny test pigs 
given in Figure 1 were taken 35 min post mortem and a cut off point of 

pHI of <5.9 was chosen. Classification of carcases on the basis of 
pHI measurements of the LD with further sub-classification on the basis 
of EEL values highlights the problems inherent in this method of 

classification (see Table 3). In 1975 the percentage of carcases 
classified as IPSE' on the basis of pH1<5.9 for LR and LW pigs was 20.2 
and 11.7% respectively. The general concensus of the carcase 
di ssectors was that on ly carcases with EEL val ues of 50 or greater 

actually appeared pale and watery and unacceptable. On this basis a 
true estimate of PSE condition in 1975 might be 15.1 and 3.1% in LR and 
LW respectively. The important point to note is that of these carcases 
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classified as PSE using pHI values 75% of the LR were considered pale 

and watery (i. e. EEL>50) but on ly 26% of LW carcases were cons i dered 
pale and watery. In 1984 the percentage of carcases with pH1<5.9 was 

similar in the two breeds (22.2% in LR and 19.2% in LW). It may not be 

valid to make direct comparisons of 1975 and 1984 data due to 

differences in calibration of EEL meter mentioned previously. It is to 

be noted however that as in 1975 a greater proport i on of LR pi gs 

classified as PSE on the basis of pHI values had higher EEL values than 
LW carcases classified similarly. These results are in agreement with 

those of Martin et al. (1975) and Yang et al. (1984) who show that pHI 

only accounts for a small proportion in the variation in meat quality. 

(3) Drip loss as a measure of meat quality 

The dri ploss was measured on a sample j oi nt of between 400 to 

600 g taken from the mi d back regi on. The samp 1 e j oi nt was wei ghed, 
placed in a net bag and suspended inside a polythene bag from which 

most of the air had been excluded. The bag containing the sample joint 

was then hung in a cold room at 10 C for 2 days, after which time the 
amount of fl ui d collected in the bag was determi ned and the j oi nt 

dissected into lean, fat and bone. Drip loss was calculated as a 

percentage of the initial sample joint weight and also as a percentage 

of the dissected lean. 

The mean dri ploss expressed both as a percentage of chop wei ght 

and dissectable lean was significantly higher (P<O.OI) in the Landrace 

than Large White pi gs as mi ght be expected (see Tab 1 e 4). The mean 

drip loss of PSE carcases (pHl~5.9) LR pigs and 'non PSE' (pH1>5.9) was 

greater than the corresponding means for LW pigs. In both breeds some 

carcases classified as 'non PSE' (pH1>5.9) had drip loss as great a 

'PSE' (pH!~5.9) (see Figure 2) and correlations of drip loss with pH! 

and EEL values were very low in both breeds. The hi gh proport i on of 

pale wet carcases in the 'non PSE' classification could be accounted 

for by two main factors 1) problems associated with pHI measurements 

on the factory line and 2) the rate of chilling of the carcases. It 

has been suggested that the incidence of pale wet muscle may arise in 

pigs which have a rapid post mortem glycolysis and those which have a 
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TABLE 3: Classification of pig carcasses on the basis of pHl' pHu 
and colour (EEL reflectance values) of M. longissinus dorsi 

Percentage of pigs in meat quality class 

Landrace 

1975 1984 1975 1984 

Acceptable carcasses 78.1 75.8 85.3 79.3 
pH1, >5.9 and pHu<6.2 

DFD carcasses 
pHu~6.2 with EELl 

less than 30 1.1 0 1.5 0 
greater than 30 0.6 2.0 1.5 1.5 

PSE carcasses 
pH1~5.9 with EELl (20.2) (22.2) (11. 7) (19.2) 

30 to 39 0.4 2.0 2.0 2.9 
40 to 49 4.7 13.8 6.6 12.6 
50 to 59 8.9 5.3 3.1 3.7 
60 and greater 6.2 1.1 0 0 

Number of pigs in sample 538 531 184 ~37 

lHigher EEL values indicate paler muscles 

high glycolytic potential (Monin and Sellier 1985). A proportion of 
pigs classified as 'PSE' in this report may have low glycolytic 
potent i a 1 at the time of slaughter either due to the t; me from 1 ast 
feed or glycogen depletion due to their excitable nature and aggressive 



234 

TABLE 4: Drip loss and colour (EEL reflectance values) measurements of 
progeny test pigs 

Landrace Large White 
Si gnifi cance 

Drip (percent chop weight) 
All Pigs 1.28 0.56 *** 0.94 0.57 

(321) (83) 

Carcases with LD pH l <5.9 1.42 0.55 NS 1.13 0.62 
(51) (12) 

Carcases with LD pH l >5.9 1.12 0.56 ** 0.91 0.56 
(270) (71 ) 

Drip as % lean weight 

All pigs 2.03 0.83 *** 1.65 0.94 

(319) (83) 

Carcases with LD pH l <5.9 2.42 0.91 NS 2.01 1.06 
(51) (12) 

Carcases with LD pH l >5.9 1.96 0.91 ** 1.60 0.92 
(268) (71 ) 

EEL Value 
All Pigs 45.46 6.63 ** 43.47 5.24 

(544) (128) 

Carcases with LD pH l <5.9 46.9 6.43 NS 44.16 5.73 
(121 ) (25) 

Carcases with LD pH l >5.9 45.06 6.69 * 43.30 5.12 

(423) (103) 

Values given are mean and standard deviation, number of observations is 
given in parentheses 

* P<0.05, ** P<O.OI, *** P<O.OOI, NS not statistially significant 
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activity preslaughter. 

with pHI values of 5.9 

this hypothesis. 

A number of pigs have been identified 

and pH u values of 5.8 which would support 

In summary it appears that pHI values are not a sufficient 

discriminator of the PSE condition in progeny test pi-gs of the 

Landrace and Large Whi te breeds. An accurate assessment of PSE 

requires a combination of both pHI and colour measurements. The 

selection pressures applied to pigs in Northern Ireland do not 

appear to have markedly increased the inc i dence of PSE in the 

Landrace breed but may have increased PSE in the Large Whi te 

breed. A number of parameters need to be assessed as to their 

suitability in discrimination of the PSE condition, particularly 

in pig populations of breeds less stress sensitive than the 

Pietrain. 
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ABSTRACT 
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The meat quality attributes of colour and the amount of exudate lost 
during storage are affected by preslaughter handling through the latter's 
influence on the rate and extent of acidification of the muscles after 
death. As a generalization, the two extremes of quality, PSE and DFD, are 
produced, respectively, by acute and chronic stress around the time of 
slaughter. In practice, interactions between different handling procedures 
and between handling and genotype affect how an individual pig will respond 
to stress. Depletion of glycogen by chronic stress will prevent the 
formation of PSE meat in animals potentially susceptible to its production. 
Very stress-susceptible pigs may not respond favourably to improved or even 
"ideal" preslaughter handling because the trauma of slaughter itself is 
sufficient to initiate development of the PSE condition. These 
interactions possibly explain much of the variation between results from 
different studies which have examined how transport and lairage affect meat 
quality. Some variation may also be due to the influences of factors such 
as season and stocking density. Most work indicates that extended 
transport will lead to an increased likelihood of DFD meat, while in 
non-fatigued, very stress-susceptible pigs, extension of even very short 
transport times may promote the development of PSE. Lairage for up to 6h 
may allow some recovery from the stress of transport in stress-susceptible 
or highly stressed animals. Otherwise there is little evidence that long 
lairage is desirable; it may simply prolong a period of fatigue and 
inanition and can promote DFD meat. This is particularly so when 
unfamiliar groups of pigs have been mixed, leading to fighting. 

INTRODUCTION 
Several of the components of meat quality can be influenced by how the 

live pig is handled before slaughter. In the extreme case animals may die 
during transport or lairage. If fighting occurs between individuals the 
skin surface may be blemished by lacerations and bruising can be produced 
by rough handling. Lastly, the quality of the lean meat itself may be 
affected. It is mainly the latter effect that will be discussed here. The 

major attributes of pig lean meat quality are colour and the amount of 
exudate lost during storage. Colour, specifically paleness or darkness, 
affects saleability (Topel et al., 1976; Wachholz et al., 1978) while 

exudate reduces yield (Kauffman et al., 1978; Smith and Lesser, 1982) and, 
if excessive, detracts from appearance at the retail level (Wachholz et 
al., 1978). This is particularly so when the meat is presented in 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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pre-packs. There is also some evidence that pork which is pale and 
produces large amounts of exudate (PSE meat) tastes less juicy after 
cooking (Bennett et al., 1973; Jeremiah, 1984). Dark, firm, dry (DFD) meat 
is also discriminated against by consumers, but more importantly, is prone 
to spoilage (Key et al., 1976; Newton and Gill, 1981). 

THE INFLUENCE OF PRESLAUGHTER HANDLING ON LEAN MEAT QUALITY 
Meat quality is affected by preslaughter handling through its 

influence on the rate and extent of acidification of the muscles after 
death (Lister et al., 1981). If the rate is rapid, so that the pH reaches 
a low value when the temperature of the carcass is still high, PSE meat can 
result. The extent of the pH fall is determined by the amount of glycogen 
p~esent in the muscles at death. If this is depleted before slaughter the 
extent is limited and DFD meat may result. The initial rate of 
acidification is largely determined by the degree of muscle stimulation 
produced immediately before and at slaughter. 

As a generalization it may be said that chronic stress preslaughter 
leads to DFD problems and acute stress leads to PSE problems. However, 
this is an over-simplification for several reasons. To some degree 
different preslaughter handling factors interact, the genotype of the pig 
will influence the response and the effect of a particular factor may be 
determined by previous factors. 

The interaction between genotype and handling seems particularly 
important. Animals of a very stress-resistant nature may hardly ever 
produce PSE meat irrespective of poor handling. Conversely, genotypes 
which are extremely sensitive to stress may produce PSE meat no matter how 
careful the preslaughter handling is, because the trauma of slaughter alone 
is sufficient to initiate its development (Briskey and Lister, 1968). 
Genotypes between these extremes will respond more or less favourably to 

improved handling. In any particular type of pig therefore the 
contribution made to meat quality by genotype and handling stress will 
vary_ In the UK, recent surveys have shown that about 12% of carcasses are 
likely to have been PSE (Chadwick and Kempster, 1983; Kempster et al., 
1984). The incidence of carcasses with low muscle pH has apparently 
doubled over the ten years from 1973 to 1983 (Chadwick and Kempster, 1983) 
and a quarter of the increase seems attributable to change in genotype 
within the British pig population. The remaining three-quarters must 
relate to environmental factors of which poorer preslaughter handling seems 
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most likely. Evidence for the importance of handling comes also from the 

marked differences in the frequency of PSE carcasses between different 

slaughterhouses (Chadwick and Kempster, 1983). The relative contribution 

of genotype to meat quality is much greater in countries where the pig herd 
has a high incidence of stress-susceptibility (Augustini, 1983). Whether 
the incidence of DFD meat is related to genotype is less clear. There is 
evidence of breed differences in the ultimate pH of meat (Gallwey and 
Tarrant, 1979; Warriss and Akers, 1980) and Heinze et ale (1984) recorded a 
lower incidence of DFD meat in fatter carcasses. However, handling is 
likely to be much more important than genotype in determining the extent of 
muscle glycogen depletion preslaughter. 

There are other factors which complicate interpretation of much of the 
information available on the effects of preslaughter handling on meat 
quality. Some information has been collected from small-scale experiments 
where factors can be carefully controlled but numbers of animals are 
restricted; some has been derived from very large surveys of commercial 
handling where, while confounding factors are present, the results relate 
directly to the normal handling of pigs and are based on large sample 

sizes. Many results come from experiments where the primary aim was not 
the investigation of preslaughter handling effects. These are also often 
confounded by other factors which makes interpretation difficult. There 
are no universally agreed criteria for assessing meat quality, particularly 
PSE and DFD defects. Some investigations have used only pH measurements. 
These correlate well with subjective assessment over numbers of animals but 
are imprecise for individual carcasses. Different investigators have used 
different muscles on which to base their assessment and these may differ in 
their propensity towards PSE and DFD; the difference may also be compounded 
by genotype. The limiting pH values which have been used to define poor 
meat quality vary. Other parts of the slaughter process such as stunning 
may influence meat quality. Stunning with carbon dioxide may increase the 
incidence of PSE to an extent which might overshado~ any previous handling 
effects. 

The preslaughter handling of pigs can be divided into two major time 
periods. The first is that spent in transit from the production unit to 
the slaughter plant; the second is that spent in lairage prior to killing. 

Potentially important factors in determining meat quality are therefore 
transport and lairage times and the environmental conditions during these 
periods. Related ancillary factors are the stocking density and group 
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sizes in the lorry and holding pens, whether unfamiliar pigs are mixed 
together and how animals are moved. The latter encompasses loading and 
unloading procedures associated with transport and the movement of pigs 
within the 1airage and immediately before stunning. 

TRANSPORT AND LAIRAGE TIMES 
Very little published information is available about the distances 

travelled to slaughter and the time spent in 1airage by pigs. Warriss and 
Bevis (1985) have recorded data for British slaughter pigs killed at five 
plants. Some pigs could, exceptionally, spend up to 11 h in transit on 
journeys of nearly 400 miles, but 99% travelled only up to 40 miles with a 

journey time of not more than 2 h. Nearly half of the pigs were killed 
after no more than 2 h in 1airage but about 30% were held overnight and 
slaughtered the next day (ie a 1airage time of > 14 h). Just over half of 
all animals were killed within 5 h of leaving the farm and three-quarters 
within 10 h. More than a fifth spent more than 18 h in transit and 1airage 
before slaughter. In some British slaughter plants the average handling 
times may be longer than this. Clark (1973) recorded that only 20% of the 
total intake of one bacon factory was derived from within a 50 mile radius 
of the plant and that many consignments of pigs travelled in excess of 300 
miles, the average per pig being about 120 miles. This plant however seems 

atypical of the UK. 
Moss and Robb (1978) mentioned that the commercially-slaughtered Irish 

pigs in their samples had been transported from 8 to 30 miles, more than 
three quarters travelling from 10 to 12 miles. Normal 1airage time ranged 
from 2 to 4h. for Danish pigs slaughtered in 23 centres, Barton (1971) 
records transport times ranging from 4 minutes to over 2.5 h and holding 
times from 5 minutes to more than 15 h. 

In contrast to these within-country marketing procedures, some 

international journeys on mainland Europe can be very long. For example, 
pigs are exported from the Netherlands to Italy, southern France or Spain 
for slaughter, distances of about 1500 km which may take up to 40 h (van 
Putten and E1shof, 1978; Lambooy, 1984). 

The overall range of current handling practices is therefore very 
large. No individual experiments have examined the whole range, most being 
confined to distances and times which reflect the local handling methods. 
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INFLUENCES OF TRANSPORT TIME ON MEAT QUALITY 
During transportation, animals are exposed to various stressors, 

particularly noise, unfamiliar odours, deprivation of food and water, 

vibration and changes in acceleration, and possibly extremes of 
temperature. Often there will have been a breakdown of social groupings 
and a degree of confinement and overcrowding greater than during rearing. 
Using the technique of operant conditioning and a transport simulator which 
mimicked the noise and vibration of a moving vehicle, Ingram et al. (1983) 
found pigs would learn to switch off the machine and preferred to keep it 
immobile for about three-quarters of the time. The animals' aversion to 
transport was increased if they had eaten a large meal before the test. 
Later work showed that exposure to the simulated transport for 0.5 hours, 
or enforced exercise for 5 minutes, raised circulating vasopressin levels 
(Forsling et al., 1984). As well as the apprehension occasioned by the 
treatment and the exercise itself, the dehydration seen in transported pigs 

(Warriss, Dudley and Brown, 1983) could be associated with this hormonal 
change. Simulated loading procedures (Spencer, et al., 1984) and the 
combined effects of transport and lairage (Moss, 1984) have been shown to 
provoke rapid and sometimes prolonged changes in the circulating levels of 
metabolites and hormones such as cortisol and thyroxine. Based on 
elevation of cortisol levels, Spencer et al. (1984) suggested that 
transport itself is an additional stress to that caused by loading 
procedures. Loading, and to a lesser degree unloading, certainly often 
appear to be the most stressful part of the transport process and the 
observation is consistent with results from experiments in which heart rate 

has been monitored (van Putten and Elshof, 1978; Augustini and Fischer, 
1982). Associated with this period of exertion is a rise in body 
temperature (Augustini and Fischer, 1982) and this is greater at higher 
stocking densities (von Mickwitz, 1982). The increased temperature will be 
reflected in higher muscle temperatures immediately post-mortem, leading to 
an increased likelihood of PSE (van der Wal and Eikelenboom, 1984). The 
apparent association between the physiological responses of the pig to 
stress and ultimate meat quality have led Augustini, Fischer and Schon 
(1977) to try to define the maximum heart rate «85 beats per minute) and 
rectal temperature «38.8°C) at slaughter commensurate with desirable meat. 

PSE meat was associated with heart rates >136 beats per minute and 
temperatures >40.1oC suggesting that treatments which promote values 
greater than these should be avoided. 
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Pigs subjected to simulated transport also show an increase in plasma 
corticosteroids after 1 h but the levels decrease to near-basal after 6 h 
due to habituation of the pituitary-adrenal axis (Dantzer, 1982). Various 
investigators have also suggested that pigs transported over short 
distances appear more stressed than those in transit for several hours 
(Cuthbertson and Pomeroy, 1970; Anon, 1972; Buchter, 1974). 

It might be expected that the time and conditions of transport, by 
having such obvious effects on the physiology of pigs, would influence meat 
quality, and generally act to its detriment. This does not necessarily 
appear so, probably because of the interaction with genotype. The exact 
nature of the interaction may be complex. Schworer et ale (1981) found 
that a short transport to the slaughterhouse (18km) combined with the other 
stresses associated with commercial slaughter, had little effect on the 
meat quality of stress-resistant pigs but reduced meat quality in 
stress-susceptible animals. In this work stress-susceptibility was 
assessed using plasma creatine phosphokinase levels. In recent Danish work 
(Barton-Gade, 1984) characterisation of stress-susceptibility was based on 
the halothane test. Stress-susceptible (nn) pigs gave poor meat quality 
irrespective of preslaughter handling. In contrast, stress-resistant (NN) 
pigs showed improved meat quality with less stressful handling and this was 
also true, but to a lesser extent, for the heterozygote. 

Generally in the UK, where the majority of pigs tend to be relatively 
stress-resistant, experiments in which transport has been examined have not 
shown commercially-important effects on meat quality. Cuthbertson and 
Pomeroy (1970) could find no material differences between the quality of 
pork from pigs transported for either 0.5 or 8h preslaughter. Similar lack 
of influence of transport was noted by Moss (1980), Warriss et ale (1983) 
and by Elliott and Patton (1968) who concluded that journeys up to 100 
miles were not particularly stress-inducing although there was some 
evidence of slightly increased ultimate pH values and darker meat from pigs 
given a long transport. Lengerken et ale (1977) expressed the view that, 
with good conditions during transport, distance had little effect on meat 
quality. 

In contrast, larger influences have been shown in Dutch and Danish 
pigs. In Dutch pigs long (200 - 300km) transport led to a higher incidence 
of PSE carcasses than short (20 - 80 km) journeys (Lendfers, 1968). In 
Danish Landrace pigs however, longer transport, from 0.25h up to 3h, 
increased very slightly the incidence of meat with high ultimate pH but led 
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to a substantial reduction in the incidence of PSE meat. This was 40% 
after 0.25h but only 10% after 3h (Buchter, 1974). A similar effect in 

these pigs was later shown by Barton-Gade et al. (1982) in an experiment to 

define acceptable transport conditions for progeny-test pigs. Overall, the 
incidence of PSE was highest with 0.5h transport and lowest with 1.3h and 
moreover there was a pronounced genotype interaction, with progeny from 
three different boars reacting differently. The longer transport also 
raised the ultimate pH of several red muscles. 

The possibility of transport fatiguing pigs to the extent of leading 
to glycogen depletion is illustrated by the work of Malmfors (1982). 
Lengthy transport combined with a long (24h) lairage resulted in a high 
incidence of DFD meat. With transport distances >90km the incidence 
averaged about double that after short distances «35km). As the transport 
time was reduced there was a corresponding increase in the incidence of 
PSE, particularly when pigs were killed immediately on arrival at the 
factory; after a journey of <35km 22% of carcasses were judged PSE. The 
influence of longer transport on the incidence of meat with high ultimate 
pH is also seen from the results of Heinze et al. (1984). These authors 
showed that as transport distance increased from <50km to >100km the 
percentage of carcasses with an ultimate pH >6 in the LD increased from 23 
to >30%. In German Landrace pigs transported between 5 and 500km there was 
a gradual increase in the incidence of low initial pH loins (indicative of 
PSE) and a smaller but similar effect in the ham. At the same time the 
incidence of meat with high ultimate pH generally increased in both the 
loin and, more especially, in the ham (Scheper, 1971). 

In international transport animals may travel very considerable 
distances and ambient conditions may vary a lot throughout the journey. 
Some of these conditions may be extreme. The effects of very long 
transport times on Dutch pigs have been investigated by Lambooy (1984). A 
journey of up to 1500km took 24h with the animals being unloaded and rested 
for 1h after eight and 16h transport. During these rest periods the pigs 
were offered food and/or water but their consumption of both was much 
reduced compared with control groups and it was suggested that this might 
have been because they were fatigued. The pigs lost up to 5% of their live 
weight during transport. However, despite these effects, meat quality was 

not materially or consistently different between groups transported for 8, 
16 or 24h. Overall, quality was good with group mean pH values in the 
normal range and no evidence of PSE or DFD. 
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The actual conditions under which pigs are transported may be more 
important than journey time and improvement of conditions may improve meat 
quality. Nielsen (1979) found that use of a lorry equipped with non-skid 
floors, partitions and mechanical ventilation reduced the incidence of DFD 
(by reducing the need for physical activity and the opportunity for 
fighting) but had no effect on the percentage of PSE carcasses, when 
compared with an unimproved vehicle. Mechanical ventilation of lorries 
also reduced the total deaths during transport and lairage by nearly 40% 
from the level in passively-ventilated vehicles. Lendfers (1968) recorded 

poorer meat quality in pigs transported at higher stocking densities (0.35 
m2/pig) in poorly ventilated lorries compared with those given more room 
(0.66 m2/pig) with good ventilation. The incidence of PSE was reduced from 
24% to 6%. Much of the value of good ventilation rests with its effect on 
the temperature of the pigs' immediate environment. Transport at an 
ambient temperature of 19°C was less stressful (based on elevation of the 
heart rate) than at 2°C or 29°C (Augustini and Fischer, 1982) although the 
results were confounded by relative humidity and loading density. Higher 
ambient temperatures (25°C) have been shown to be associated with poorer 
meat quality than normal temperatures (15°C) in Dutch slaughter pigs 
(Lendfers, 1968) and a significant effect of season was seen in Danish work 
(Barton, 1971). In the latter, the poorer meat quality in summer and 
autumn was largely due, not to more pigs having meat quality deviating from 
normal, but to an increase in the extent of the deviation. Conversely, 
Scheper (1971) observed higher incidences of PSE and DFD in autumn and 
winter, than in spring and summer in Germany. Perhaps this is a reflection 
of differences in climate and the stressful nature of both high and low 
temperatures, as indicated by Augustini and Fischer's (1982) work. 

While use of tail-gate lifts seems to be less stressful to pigs than 
being walked up a ramp (Augustini and Fischer, 1982), it may (Lendfers, 

1968) or may not (Nielsen, 1979) improve meat quality. Both too-low and 
too-high loading densities may be undesirable. With low densities pigs can 
be thrown about with changes in velocity but pigs often lie down during 
transport and therefore this is less of a problem than overstocking. An 
area of 0.5 m2/100kg will enable all pigs to lie down (CEC, 1985) and this 
agrees with Meat and Livestock Commission (MLC, 1980) recommendations of 
0.4 to 0.5 m2 per animal for UK pigs which are generally slaughtered at 
slightly lower weights. However, to some degree optimal stocking density 

will obviously depend on ambient conditions. Higher stocking densities are 



associated with a higher incidence of PSE meat (Blomquist and Jorgensen, 

1963). 
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Nielsen (1982) emphasized the importance of the personal qualities of 

the vehicle driver and there is direct evidence of the deleterious 
influence of a poor driver on meat quality (Lendfers, 1968). Associated 
with this is the type of road on which the vehicle is driven. Scharner et 
al. (1979) found that the heart rate of pigs was higher when driven along 
normal roads, with consequent frequent changes in velocity, compared with 
transport along major trunk roads. Rail transport of pigs does not appear 
to be common in Europe nowadays although it is recorded in Poland (Czyrek, 
1972). In a comparison of rail with road transport in South Africa, the 
carcasses of pigs transported by road had a higher ultimate pH than those 
transported by rail for similar distances and this was reflected in a 
higher incidence of DFD (33.6% against 24.2%; Heinze et al., 1984). 

Pigs should be unloaded immediately on arrival and prefer walking up, 
rather than down, slopes. This can make unloading an even more stressful 
experience than loading, particularly for pigs carried on the upper decks 
of multiple-tier vehicles, and there is some evidence that these lorries 
induce more fatigue and higher ultimate pH values in the muscles (Elliott 

and Patton, 1968). 
In general there is agreement that transport, particularly loading and 

unloading, is a potentially very stressful experience for pigs. How they 
react to it may depend greatly on their stress-susceptibility. Very 

stress-susceptible pigs may produce increased incidences of PSE meat after 
only short transport distances. More stress-resistant animals may show 

little or no reaction over moderate distances under good conditions, 
especially of ventilation. Most pigs will show some evidence of fatigue 
and muscle glycogen depletion after extended transport and particularly 

under poor conditions, leading to increased incidence of DFD meat. A 
problem with interpreting much information is the interaction of handling 
with genotype and the fact that most investigators have considered only a 
limited range of transport times or distances under various environmental 
conditions and have not usually included control groups of un-transported 

animals. 
Improvement of the conditions of transport of pigs will often lead to 

improvements of meat quality as well as being desirable from the point of 
view of decreasing the incidence of deaths in transport (Hails, 1978) and 
in the interests of better animal welfare. 
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INFLUENCES OF LAIRAGE TIME ON MEAT QUALITY 
The prime purpose of a lairage is to act as a holding area where a 

reservoir of animals can be maintained. This enables the slaughterline to 
operate at a more-or-less constant speed irrespective of variations in the 
delivery schedule from producers or markets. Its secondary function is to 
allow animals which are stressed or fatigued by their previous transport to 
recover. Tradition has it that this will lead to the production of better 
meat, as well as being desirable from the humanitarian point of view. 

Under modern conditions this mayor may not be correct. Holding in lairage 
may have negligible or no influence on meat quality, particularly in pigs 
which have not been subjected to very stressful previous handling or are 
resistant to stress. Prolonged holding may even lead to a reduction in 
meat quality. 

Bendall et al. (1966) noted an increased average ultimate pH in 
British pigs killed after longer holding time when this ranged from 0.5 to 
1.5h. They also found that extended times increased the variation in 
initial pH values and reduced the overall mean, increasing the incidence of 
PSE meat. However, the size of these effects was very small, possibly 
because of the stress-resistant nature of the pigs. Similarly, Taylor 
(1966) and Cuthbertson and Pomeroy (1970) recorded negligible influences on 
meat quality of lairage for periods up to overnight (about 20h). From the 
results of several trials the latter authors inferred that the behaviour 
and handling of the animals during transport could influence the response 
to rest in lairage. 

After prolonged rail transport (54h), rest for 24h preslaughter 
increased the incidence of watery meat as well as reducing carcass yield 
(Czyrek, 1972), and slaughter as soon as possible was recommended. For 
pigs travelling by road, similar recommendations were made by Ivanov et al. 

(1983) for journeys> 60km and < 2h and for pigs in the UK by Elliott and 
Patton (1968) who concluded that if pigs were not stressed on arrival at 
the factory, then resting in lairage would not improve meat quality. 
However, if pigs were stressed then rest could alleviate the effects and a 
period of at least 2h was suggested for groups of mixed animals. 
Vrchlabsky (197) also suggested that if pigs were transported correctly 
then they did not need to be held for more than 3 to 6h preslaughter to 

recover from the effects of travel. In a large survey of the influence of 
lairage time (0, 4 or 24h) on Polish pigs, which appear fairly 
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stress-resistant, Wajda and Denaburski (1982) found no significant effect 

on initial pH (and hence the incidence of PSE meat) but the ultimate pH 

increased significantly after 24h and there was a general improvement in 

water holding capacity with longer lairage. Lairage for 0 or 4h was 
recommended in preference to 24h. 

With more stress-susceptible pigs, such as many continental breeds, 
the value of a short period of lairage in reducing the incidence of PSE is 
more apparent. Stein (1978) compared lairage for 0, 8 or 24h. The lowest 
amount of PSE was recorded after 8h rest and the highest after no lairage. 
It was recommended that pigs be held for >6h for the best meat quality. A 
rest of 8h was claimed as optimal by Lengerken (1977); periods shorter 
than this were not sufficient for recovery from the effects of transport, 
longer periods tended to lead to further stress. Augustini and Fischer 
(1981), in a large field experiment, found that increasing lairage times up 
to 6h decreased the incidence of carcasses with low initial pH values. 
With longer holding times there was a slight increase in the incidence of 
DFD carcasses. Pigs with an ultimate pH >6 increased from about 3% in the 
group held for < 0.5h to over 10% in pigs laired 6h. An overnight lairage, 
as well as increasing the incidence of DFD, also caused a slight increase 
in PSE. This latter effect seems difficult to explain. The complication 
of different effects being observed on different metabolic types of muscle 
is illustrated by Danish work on Landrace pigs (Barton, 1971). Short 
periods of stress promoted the development of PSE, particularly in the M. 
longissimus dorsi (LD) but also to a lesser extent in the M. biceps femoris 
(BF). In the pig the LD is a white muscle which has a metabolism tending 

to be glycolytic whereas the BF contains more myoglobin and has an 
oxidative metabolism (Beecher et al., 1965; Bendall, 1975), Longer 
periods of stress reduced the incidence of PSE in both muscles but this was 
associated with a corresponding increase in the incidence -of DFD. The 

author's conclusion was that holding Danish Landrace pigs in lairage for 1 
to 2h preslaughter did not necessarily improve meat quality. A 
comprehensive investigation of preslaughter handling on Danish pigs was 
later carried out by Nielsen (1979). Holding times of 0, 2, 6 and 22h were 
compared for pigs which had been transported for about 2h. The number of 
PSE carcasses fell as the holding period increased while the number of DFD 

carcasses increased. The incidence of PSE did not begin to fall 
appreciably until pigs had been rested for 6h. However, the amount of DFD 
had already begun to increase after only 2h in lairage. These results 
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agree closely with findings from later work on Swedish pigs by Malmfors 

(1982) who concluded that, irrespective of transport time. lairage for 4h 
(compared with 0 or 24h) was beneficial for meat quality in substantially 
reducing PSE while not increasing DFD materially. Moss and Robb (1978) 
found similar effects in Irish Landrace pigs. The incidence of PSE was 
higher after short lairage (1 to 1.5h) than after an overnight lairage and 
the incidence of DFD was lower. DFD was more prevalent in boars, 
particularly after overnight lairage. This was attributed to the more 

excitable and aggressive nature of entire males leading to increased 

fighting with consequent lowering of muscle glycogen stores. This is 
confirmed by recent work by Warriss and Brown (1985). The incidence of PSE 
did not appear to be influenced to the same degree in crossbred pigs which 
were possibly less stress-susceptible. However, the effect of overnight 
lairage on these animals was similar to the purebred Landrace. 

Generally high incidences of DFD pig meat have been recorded in both 
Northern Ireland (Moss, 1980) and Eire (Gallwey and Tarrant, 1978). The 
latter authors recorded 18% of carcases having high ultimate pH in the 
loin. The origin of the pigs (markets, dealers, large or small fattening 

units) had a large influence on this. Up to 30% of pigs from markets and 
those purchased through dealers had loins with ultimate pH >6. However, 
lairage design was also important. Bacon factories with long narrow 
lairage pens with intervening steel bars had the highest incidence of 
carcasses with high ultimate pH. factories with small lairage pens with 
solid walls had least. These differences were attributed to the greater 
possibility of animals in the large pens having come from mixed groups, 
leading to fighting. and the extra possibility of inter-animal interactions 
with non-solid pen walls. Poor ventilation in the lairage may also be 
deleterious. A 3.5h lairage under good conditions decreased the incidence 

of PSE from 36 to 2% in Dutch pigs but long lairage in a badly ventilated 
pen increased it (Lendfers. 1968). 

It is evident that generally. rather than allowing recovery from 
stress occasioned by previous handling, long lairage tends to prolong or 
promote stress and the depletion of body glycogen stores. Nevertheless, 
this appears not always the case. Long lairage times reduced the incidence 
of DFD in South African pigs from 33% with an ultimate pH >6 in the LD in 
pigs held for less than 19h to 12% in pigs kept for >48h. most effect 

occurring after 48h (Heinze et al., 1984). It is often not clear from 
reports whether animals held for long periods (> 20h say) have received 
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food in lairage, however, where reduced DFD has resulted, as above, this 
seems likely. Even when offered food, if this is not in the form to which 
the pigs have been accustomed then intake may be restricted. Under these 

conditions depletion of glycogen stores is likely. 
To conclude, lairage mayor may not provide a suitable environment for 

recovery from the stress of transport and this is reflected in the 
influences it can have on meat quality. In some pigs; particularly those 
of a fairly stress-resistant nature, lairage seems to have little material 
influence on meat quality unless prolonged when an increase in DFD meat may 
occur. This is also true if pigs are not stressed on arrival at the 
slaughterhouse. In this case, immediate slaughter may produce the best 
meat quality. Nevertheless, in highly stressed, or stress-susceptible 
animals, a short period in lairage may allow some recovery from the 
previous handling and reduce the incidence of PSE carcasses. The length of 
this short lairage is ill-defined for different types of pig but appears to 
be of the order of up to 6h. If this time is extended, muscle glycogen 
depletion may lead to problems with DFD meat, particularly in pigs already 
fatigued by transport, fasting or the fighting which frequently ensues on 
mixing unfamiliar animals. By reducing muscle glycogen stores the 
potential for formation of PSE meat is reduced and it is unclear whether 
this or the actual resting in lairage is more important in reducing the 
incidence of meat with a low initial pH. Longer lairage times are also 
associated with an increase in the incidence of deaths associated with the 
stress of previous transport (Allen and Smith, 1974). 

THE CONSEQUENCES OF MIXING UNFAMILIAR ANIMALS 
An important consequence of mixing pigs from different rearing groups 

during transport and in lairage is that they often fight. This leads to 
unsightly lacerations on the skin. In bacon carcasses in the UK this may 
lead to downgrading as they are unsuitable for production of rind-on bacon. 
The overall incidence of downgrading may reach 7-8% in some plants 
(Warriss, 1984; MLC, 1985) and tends to be higher in boars than in gilts 
or castrates. Even when the severity of fighting damage is insufficient to 
cause downgrading, other consequences may be economically important. The 
physical exertion may deplete muscle glycogen stores and lead to the 

production of DFD meat (Gallwey and Tarrant, 1979; Warriss and Brown, 
1985) and, if the stress occurs immediately preslaughter, it may also 
increase the incidence of PSE meat (Wismer-Pedersen and Riemann, 1960). 
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Boars seem more prone than castrates to the DFD condition, probably because 
they are more excitable and aggressive (Moss and Robb, 1978; Tarrant et 
a 1., 1978). 

METHODS TO COUNTERACT UNDESIRABLE CONSEQUENCES OF TRANSPORT AND LAIRAGE: 
To eliminate much of the stress of loading and unloading, the use of 

special containers for transport has been suggested (Ring and Blendl, 
1984). An added advantage is that carcass damage caused by bruising and 
biting is reduced since pigs from different rearing groups are not mixed 

(Tatulov et al., 1982). 
Many agents to mask or disguise pig body odours, and so prevent 

fighting, have been suggested but with little or no evidence for their 
effectiveness. Recently however, Braathen and Johansen (1984) have 
documented the use of liquid smoke aroma sprayed onto pigs before transport 
to reduce fighting. The procedure also appeared to reduce the incidence of 

PSE meat. In the late fifties the Danish Meat Research Institute developed 
a halter which when fitted individually to pigs prevented them from biting 
one another and reduced aggression. As well as resulting in fewer 
lacerations on the carcass, use of the halter gave meat with higher initial 
pH values and improved colour (Blomquist and Jorgensen, 1963). Sprinkling 
or spraying pigs with a fine mist of water in lairage has also been claimed 
to reduce aggression and generally quieten the animals. By lowering body 
temperature it reduces the frequency of PSE carcasses under warm ambient 
conditions (15-20°C) but the effect is reduced or even counterproductive on 
cold (9-11°C) days (van Logtestijn et al., 1977; Smulders et al., 1982). 

The use of sugar-feeding in lairage to counteract the effects of 
fatigue and fasting, and reduce the incidence of DFD meat, is well 
documented (Ingram, 1964; Clark, 1973; Gallwey et al., 1977 Gallweyand 
Tarrant, 1979; Gardner and Cooper, 1979; Fernande.s et al., 1979). With 

pigs which would potentially give PSE carcasses but for the preslaughter 
glycogen depletion occasioned by fatigue, feeding sugar also tends to 
increase the frequency of PSE meat (Nielsen, 1979). 

Lister and Ratcliff (1971) described the use of injected magnesium 
salts to retard the rate of postmortem glycolysis and improve meat quality. 
More recently magnesium aspartate hydrochloride, which can be added as a 
supplement to feed, has been claimed to reduce the incidence of both PSE 
and DFD meat, at least in stress resistant pigs (Schmitten et al., 1984), 

and reduce mortality in transit (Schneider, 1984). The tranquillizer, 
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azaperone, will improve meat quality (Oldigs and Unshelm, 1971; Devloo et 
al., 1971) and reduce fighting (Knightly and Connolly, 1971) in pigs. The 

beta-blocking agent carazolol has also been shown to markedly improve meat 

quality in stress-susceptible pigs (Warriss and Lister, 1982). Problems 
with pharmacological treatments are their administration and the 
possibility of harmful residues remaining in the meat. Because of the 
latter, their use immediately preslaughter is prohibited in some countries. 

Malmfors (1982) found that pigs arriving at the slaughterhouse could 
be sorted visually into different groups, ranging from those that were not 
stressed to those that were severely stressed. Stressed pigs shivered and 
showed reddening of the skin, bulging eyes and limp tails. The groups 
classified as more stressed had poorer meat quality. Malmfors suggested 
that animals recognised as severely stressed after transport could be kept 
in lairage for longer to recover, with a concomitant improvement in meat 
qual Hy. 

CONCLUSIONS 

There appears to be concern at the quality of some pigmeat. Periodic 
surveys of the incidence of PSE meat show that it has tended to increase 
even in countries where the pig herd is relatively free of 
stress-susceptibility. A proportion of the increase is thought to relate 
to generally poorer handling of the live animal preslaughter. Certainly. 
the importance of environmental influences at the time of slaughter is 
apparent from variation between slaughterhouses and time periods in surveys 
of meat quality. Although there is no information on exactly how 
conditions have changed, a contributing factor in countries such as the UK 
might be the trend towards fewer, larger slaughterhouses. As well as this 
lack of information about the changes in how we treat pigs preslau,ghter 
there is not complete agreement on the effects of different handling 
procedures on meat quality. A major reason for this seems to be the 
interact i on between genotype and handl i ng. All but the most, recent 

investigations on handling effects have not included this interaction or 
have failed to define sufficiently precisely the inherent meat quality 
characteristics of the animals used. With the increasing costs of 
production of meat, its quality becomes even more important. Yet in many 
pigs we are still some way from understanding exactly how to ensure this 
quality or even what factors are most important in influencing it, 

particularly in the preslaughter period. 
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Meat traders sometimes tell us that it is the traditional methods of 
preparation that provide the best meat. This review examines whether this 
is true in the case 0f stunning methods and pigmeat. 

The physical spasms that occur during and following stunning can play 
a part in the production of broken bones, blood splash, bruising and PSE 
meat. Particular stunning methods are apt to produce particular defects, 
and the worst methods seem to be those that cause the greatest convulsions. 

HISTORICAL ASPECTS 
Pigs are put through two distinct procedures when they are killed for 

meat consumption. First of all they are stunned, and then they are 
slaughtered. Electricity and carbon dioxide are the principal stunning 
agents used today, but there are occasions when the captive bolt, 
percussion bolt and free bullet are used. Exsanguination (or 

sticking) is the commonest slaughtering method, but inducing a cardiac 
arrest has been introduced recently as an alternative. 

At the turn of the 20th century, stunning was only performed in the 
bigger abattoirs and in killing large boars and sows. A hammer or mallet 
was used for small pigs and a pole axe for adults, whilst the smaller 
abattoirs and butchers simply stuck their pigs without any preslaughter 
stunning. During the 1910s and '20s various makes of captive bolt pistol 
became available, and it was found they required fewer repeat attempts when 
stunning the animals (Howarth et al, 1925). It was widely held in the meat 
trade though. that the pistols carried distinct disadvantages such as: 
insufficient bleeding of the carcass to allow it to be used in bacon 
production, increased incidence of blood splash in the meat, unduly violent 
convulsions after shooting, and, the whole procedure slowed down the 
slaughtering operation. Butchers and slaughtermen considered that a 
carcass had to be well~bled to avoid premature spoilage of the meat, and 
this belief no doubt arose during the days when carcass chilling facilities 
were non-existent or at best rudimentary. Nevertheless, the humanitarian 
considerations took precedence and in Britain the captive bolt method was 
condoned by the Ministry of Health in its model by-law of 1920. Thirteen 
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years later the pole axe, hammer and mallet were banned by the Slaughter of 
Animals Act (1933). 

During the 1930s, electrical stunning took the place of the captive 
bolt. Electricity was preferred because it was easier to administer, and 
in the case of pigs the stunned animal was also easier to handle (Muller, 
1932). It was developed as a low voltage system varying between 40 and 120 
volts depending on the country where it was used and the frequency of the 
current. In Britain the early manufacturers of the equipment recommended 
that the current should first be applied behind the animal's ears and, as 
soon as the pig fell to the ground, the tongs should be replaced with one 
electrode on the pig's forehead and the other behind an ear. The total 
duration of current flow for the two applications had to last 10 to 15 
seconds when using 40 to 70 volt AC. From experience it was found that a 
total application time of 5 to 7 seconds seemed to be effective in stunning 
pigs. Some problems were encountered with broken shoulderblades but this 
was largely overcome by using only one current application behind the 
animal's ears (Anthony, 1932). Bacon produced from pigs which were stunned 
in this way, was said to be indistinguishable from bacon produced from pigs 
bled without prior stunning. Thus, the low voltage system developed as a 
subjective and pragmatic solution to the humanitarian and commercial 
problems previously encountered with other stunning methods. 

Low voltage electrical stunning has been the preferred method for 
stunning pigs in Britain since the 1930s, and it has usually been performed 
with the animals free-standing on the floor of a stunning pen. The 
practical difficulties of stunning an animal whilst it is unrestrained has 
led to the development of restraining conveyors. Another noteable 
development in recent years has been the high voltage system. For a number 
of years there has been concern that pigs are not adequately stunned by the 
low voltage system and this led to research into the minimum current 
required to induce the stunned state as determined by the electroplectic 
fit in the pig's brain (Hoenderken, 1978). This led to the introduction of 
systems employing not less than 240V. Meat traders sometimes claim, 
however, that such voltages have their drawbacks, and these include blood 
splash, broken shoulderblades and greater carcass kicking. 

Head to back electrical stunning has been used in a few pig abattoirs 
in the UK, and it is based on a method that was originally tested in pigs 
during the late 1920s (Ducksbury and Anthony, 1929). In the early version. 
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a 200 volt current was applied between the forehead and midback regions for 
6 to 10 seconds whilst the pig was held in a restrainer. The idea was 
dropped shortly after these preliminary trials because of problems with 
blood splash and haemorrhaging near the backbone and in the offal. It was 
found that haemorrhaging at the backbone could be avoided by placing the 
back electrode in the shoulder region, but this then gave rise to problems 
with broken scapulae. 

Carbon dioxide stunning methods were developed in the USA during the 
1940s, and this is now the principal method used in Denmark. 

THE SCIENTIFIC EVIDENCE 
The carcass and meat quality defects which are influenced by stunning 

and slaughter have been reviewed by Warrington (1974), Marple (1977) and 
Warriss (1977; 1984). They include bone fractures, blood splash, bruising, 
inadequate bleeding and PSE meat. 

Although there are no exact figures on the incidence of bone fractures 
which are caused at stunning, it is felt that this problem has increased 
during recent years. It is associated with electrical stunning, and 
depends to some extent on the way the animal is restrained during the 
stunning procedure. Stunning pigs with high voltages can lead to broken 
shoulderblades if the animal is not supported off the floor. This is 
because the force of the initial body contraction sends a shock wave up the 
forelimb when the foot makes impact with the ground (van der Wal, 1976). 
Characteristic star-like fractures are found in the glenoid process of the 
scapula, and there is often a complete fracture at the neck of the bone. 
The incidence of the condition varies considerably between abattoirs and it 
is usually noticed in plants which bone-out the shoulder joint. The 
associated haemorrhaging requires trimming, which takes time, but the 
problem can be avoided by either lifting the animal off the floor prior to 
stunning using a restraining conveyor, or restricting the duration of 
current application to a short period (2 sec when using 320 volt, Braathen 
and Johansen 1984). 

High stunning currents in restrained pigs are said to cause bone 
fractures in other parts of the carcass and these include the thoracic 
vertebrae and pelvis. In rats it is known that the larger, faster growing 
animal is more likely to develop fractures during electroconvulsive 
seizures (Stern et al, 1957), but this relationship has not been examined 
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in the pig. Head to back stunning can produce fractures in the sacrum and 
slipped discs in the thoracic and lumbar vertebrae, which mayor may not be 
associated with haemorrhaging. The incidence of the fractures probably 
depends on the voltage used. 

Blood splash is a more nebulous problem, and the phrase "here today, 
gone tomorrow" is sometimes applied to this condition by the meat trade. 
It appears as small b1eps of blood in the meat which vary in incidence 
according to the muscle in the carcass. It can be greatest in the gracilis 
and quadriceps muscles (van der Wa1, 1978) and may only be noticed when the 
carcass is jointed. At various times it has been claimed that all stunning 
methods contribute towards blood splash formation. It should be pointed 
out, however. that religious slaughter in ruminants (which involves no 
prior stunning) is also associated with this defect especially if the 
animal is restrained for too long whilst awaiting exsanguination. There is 
very little documented evidence on the physical and physiological factors 
which cause the condition. but it is likely that any muscular contractions 
which cause aneurysms in the blood vessels whilst systolic pressure is high 
enough to force blood through the perforations, are of importance. In pigs 
high voltage stunning in a restraining conveyor, and captive bolt stunning, 
lead to intense muscular contractions and a high incidence of blood splash 
(Larsen, 1982; Burson et a1, 1983). Cooper et a1 (1980), when using blood 
splash in lungs as an index of meat blood splash, concluded that CO2 
stunning produced a lower incidence of these conditions than electrical 
stunning. This was subsequently confirmed by Larsen (1982). High voltage 
head to back stunning (240V. 50 Hz) gave a reduction in the severity of 
blood splash in comparison with either low voltage high frequency (97V, 
1700 Hz) or low voltage low frequency (80-125V, 50 Hz) head only stunning. 
The reason for this effect probably rests in the fact that head to back 
stunning would have induced a cardiac arrest in some of the pigs. 
Presumably a beating heart was required to force blood through the ruptured 
blood vessels. Larsen (1982) recorded less severe blood splashing when 
pigs were stunned at 700V in comparison with 300V, and here again the 
reason for the improvement probably rests in the fact that the higher 
voltage would have been associated with a greater incidence of cardiac 
arrests. Shortening the time between stunning and sticking also reduces 
the expression of blood splash, by minimising the period during which blood 
can leak through the perforated blood vessels (Burson et al, 1983). High 



269 

frequency electrical stunning is said to reduce the incidence of blood 
splash, but the reason for this is less clear (Hatton and Ratcliffe, 1973). 

The handling procedures used at slaughtering can lead to bruising in 
the carcass. In the case of sheep it has been found that the heart has to 
be beating normally for significant bruising to develop between stunning 
and sticking, and doubtless this also applies to pigs (Gregory and Wilkins, 
1984). Thus inducing a cardiac arrest at stunning could help to reduce the 
incidence of bruising in pigs, which in recent years has risen by about 
40% in England and Wales (Blamire et al, 1980). The electrical 
stunning-cardiac arrest technique does not seem to affect the rate of 
bleeding out from the sticking wound in pigs, nor does it influence the 
amount of blood apparently retained in the carcass (Warriss and Wotton, 
1981). With CO2 stunning, the pigs have a profound bradycardia by the time 
they leave the stunning unit, and heart rate only gathers pace on 
exsanguination. Bleeding efficiency may be slightly impaired in this 
situation (Leest et al, 1970). Problems with bleeding, however, are more 
serious when the sticking knife enters the shoulder joint or penetrates the 
pleura (Sheard et al, 1981). Shoulder sticking causes blood to flow into a 
pocket within the shoulder joint giving it a bruised appearance, whilst 
penetrating the pleura allows blood to enter the thoracic cavity where it 
adheres to the lining membranes. 

Excessive stimulation of the animal prior to sticking can exacerbate 
the PSE condition. This has been demonstrated with most stunning methods, 
and so the underlying requirement is to minimise stress and muscular 
activity in every stunning and slaughtering method. Stress exerts its 
effects through the sympathoadrenomedullary and somatomotor nervous 
systems. Adrenergic agonists released from the sympathoadrenomedullary 
system activate muscle glycogenolysis and thereby increase the availability 
of substrates for acid formation. Cholinergic stimuli bring about acid 
formation in a more direct way by initiating muscle contractions and 
mitochondrial metabolism, and the two systems interact when catecholamines 
enhance the strength and duration of somatomotor contractions (Gregory 
1981). 

Carbon dioxide stunned pigs were thought to be particularly prone to 
producing PSE meat because of the stress associated with this gas, but 
this view has changed in recent years with the introduction of the Compact 
CO2 stunning system. Three types of CO2 stunning unit have been used: Oval 
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tunne 1, Di P Lift and Corrpact stunner (Grandin, 1980). The early versions 

based on the Oval tunnel were often associated with PSE meat (Bendall et 
al., 1966; Leest et al., 1970; Smith and Wilson, 1978). However, Sybesma 
and Groen (1970) observed that putting pigs through an Oval tunnel filled 
with air followed by electrical stunning resulted in the same incidence 
(9%) of PSE meat as CO2 stunning alone. Electrical stunning without 
passage through the CO2 unit produced only 1% PSE meat, as determined by 
the pH45 min values in the semimembranosus. The conclusion, therefore, was 
that the stress inherent in the Oval tunnel unit was sufficient to induce 
the higher incidence of PSE meat. The Compact stunner operates along the 
lines of a Ferris Wheel and by contrast produces less PSE meat than 
electrical stunning (Larsen, 1982; Barton-Gade, 1984). It is presumed that 
this is because it is less stressful to the pigs than the Oval tunnel 
method. 

Captive bolt stunning is rarely used in pigs because of the associated 
convulsions. These can be particularly intense during the first minute 
following stunning in pork weight pigs, and the increased activity results 
in a rapid initial postmortem muscle glycolysis, sometimes producing a 
muscle pH of less than 6.1 within 5 min. The net effect is that a high 
proportion of the carcasses have meat that is PSE (Klingbiel and Naude, 
1977; Schoberlein et al., 1979). 

There have been a number of reports on the effect of different 
electrical stunning procedures on meat quality (Braathen and Johansen, 
1984; Hatton and Ratcliffe, 1973; Leest et al., 1970; Nielsen, 1977; 
Overstreet et al., 1975; Rothfuss et al., 1984; Schutt Abraham et al., 
1983; van der Wal, 1978). Leest et al (1970) and van der Wal (1978) 
reported that there was no difference in pH45 min value between 300V 
stunning for 1.5 sec and 70V applied for 15 sec. Schutt Abraham et al 
(1983) found that there was no difference in semimembranosus pH 1h 
portmortem between 300V and 90V head only stunning, and Overstreet et al 
(1975) obtained a similar finding for longissimus dorsi muscle. Nielsen 
(1977) and Hatton and Ratcliffe (1973) observed that high frequency 
electrical stunning had no effect on the incidence of PSE meat in 
comparison with 50 Hz alternating currents when both were applied at low 
voltages (up to 100V). Larsen (1982) compared 700V with 300V electrical 
stunning and found a 15 and 18% incidence of PSE respectively. Rothfuss et 
al (1984) found that stunning with 180V or more for 19 sec was effective in 
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producing PSE meat in the majority of pigs. regardless of whether they were 
positive or negative halothane reactors. Braathen and Johansen (1984) 
reported that 320V for 2 sec gave a lower rate of postmortem muscle 
glycolysis than 12 sec stunning at the same voltage. The overall 
conclusion from these studies is that excessive stimulation by electric 
currents can lead to the PSE condition, but it is unlikely that the high 
voltage systems as they are practised today produce any more or less PSE 
meat than the traditional low voltage methods. 
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INFLUENCE OF CHILLING ON MEAT QUALITY ATTRIBUTES OF FAST GLYCOLYSING 
PORK MUSCLES 

ABSTRACT 

K.O. Honikel 

Federal Centre for Meat Research, Kulmbach 
Federal Republic of Germany 

Pork muscles with a fast post mortem glycolysis (pH<5.8) lead at 
prevailing high temperatures (> 35°C) to meat with PSE c~aracteristics. 
In these muscles no sarcomere contracture occurs as is observed in normal 
glycolysing muscle under the same temperature/pH conditions. Contracture 
increases drip loss. The exudative and pale appearance of PSE muscles is 
due to protein denaturation and membrane leakage which occur slowly at 
low pH and temperatures above 35°C. Rapid chilling of PSE-prone muscles 
shortens the time of coinciding low pH and high temperatures. In this 
paper we show that rapid chilling of fast glycolysing muscles reduces 
the ,rapidly occuring drip loss and leads to meat with less pale 
colour. The quality attributes of normal glycolysing muscles, however, 
cannot be obtained. 

INTRODUCTION 

In muscles of freshly slaughtered animals the pH falls. At the same 

time the temperature of the muscles decreases. In conventionally chilled 

pork carcasses with a normal post mortem glycolysis the pH falls in 
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M. longissimus dorsi within 3 hours post mortem to pH 5.9 - 6.3. In the 
same period under conventional chilling conditions the temperature in 

these in-carcass muscles decreases to 20 - 25°C. Rigor mortis occurs then 

at pH 6.0 - 6.1 and at about 20° - 23°C. This temperature/pH relationship 

reduces myofibrillar contracture to a minimum (Honikel et al., 1986). 

Faster or slower chilling in relation to pH fall induces cold or rigor 

contracture. Contracture of sarcomeres increases drip loss in beef and 

pork muscles (Honikel et al., 1986). 
The knowledge of these relationships is especially necessary for 

performing hot boning as small hot boned cuts are easily and usually 

more rapidly chilled than muscles remaining in the carcass. But in pig 

carcasses a considerable part of the primal cuts,especially M. long. dorsi, 

show PSE characteristics with their rapid and increased release of drip 
and their pale appearance. PSE characteristics are initiated by a rapid 

glycolysis post mortem with a pH at 45 min post mortem below 5.8 and 

temperatures well above 35°C. This temperature/pH relationship, especially 

if the temperature decrease is slow in the following hours as happens 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987



274 

in muscles within the carcass, induces membrane leakage and protein 
denaturation, the direct causes of the exudative and pale appearance 
of PSE meat. In PSE-prone muscles the hot boning and rapid chilling of 
cuts may provide the possibility of diminishing the qualitative and 
economic disadvantages of PSE meat. In our most recent studies we evaluated 
the optimum conditions for the chilling of normal and fast glycolysing 
muscles with the intention of looking for the best way of combining hot 
boning of normal and PSE-prone muscles which appear often in one carcass. 
This paper concerns the temperature/pH/time relationships and their 
influence on meat quality in PSE-prone muscles. 

MATERIAL 
The following muscles were dissected from the carcasses of German 

Landrace pigs (slaughterweight 80 - 100 kg): M. longissimus dorsi, M. psoas 
major, M. supraspinam, M. cleidooccipitalis, M. semimembranosus, M. semiten
dinosus, M. gluteus medius and M. adductor. Most of the experiments were 
carried out with M. long. dorsi which was obtained either within 35 to 45 
min post mortem or deboned after 24 hours post mortem. After deboning, the 
meat was stored under various temperature/time conditions as specified in 
the text. 

METHODS 
1. pH measurements 

The pH was measured in hot boned muscles by homogenizing about 3 g of 
meat in 10 ml of distilled water for 10 sec followed by immediate pH 
measurement. In muscles within the carcass the pH electrode was inserted 
into the meat. All pH measurements were made using combined glass 
electrodes (Fa. Ingold, Frankfurt/Main, Germany). 

2. Determination of drip loss 
Drip loss was determined in slices of M. long. dorsi of about 70 - 90 g 

which were weighed and sealed undet atmospheric pressure in plastic pouches 
and stored under different temperature/time conditions. At certain times 
of storage the meat was taken from the pouches, dried gently with absorbent 
tissue and reweighed. The difference in weight in relation to initial 
weight was expressed as percent drip loss. The method is described by 
Honikel (1986) in detail. 



3. Measurement of colour brightness 
Colour brightness (L) was measured with Zeiss Elrephomat (Fa. Zeiss, 

Oberkochen, Germany) at 5 days post mortem in the slices used for drip 
loss measurements. 
4. Determination of sarcomere length 
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Sarcomere length was determined with a Helium-Neon laser (wave length 
632.8 nm) according to Voyle (1971). 

RESULTS and DISCUSSION 
Changes in muscles during post mortem glycolysis 

Normal and PSE-prone muscles contain in the living animal energy-rich 
compounds like creatine-phosphate, ATP and glycogen. These energy-rich 
compounds are used up post mortem for maintaining a quasi-living state 
for some time. Glycogen is broken down anaerobicly to lactic acid. The 
velocity of lactic acid production depends on the speed of ATP turnover 
(Scopes, 1974). In normal glycolysing pork muscles the biochemical changes 
post mortem end at a pH of 5.6 - 5.4 within 5 - 9 hours after death. 
During this time the temperature of the muscle falls more or less rapidly 
according to the chilling conditions. Rapid chilling to temperatures below 
10°C at pH values above 6.1 causes cold shortening, slow chilling to 
temperatures above 25°C and pH around 6.0 induces rigor shortening 
(Honikel et al., 1986). Sarcomere shortening in either case increases drip 
loss (Honikel, 1985). Also tenderness is affected by these temperature/pH 
conditions (Honikel and Reagan, 1986). In normal glycolysing muscles 
rigor shortening is observed when temperature/pH conditions are changed 
to those of PSE muscles. The pH fall in PSE muscles, however, is much 
faster during the first hour post mortem. Also, contrary to normal muscles, 
in PSE muscles rigor shortening does not occur as shown inTable 1 for 
8 different muscles. PSE muscles with a pHI below 5.8 had in all cases 
longer (unshortened) sarcomeres in comparison to muscles with a pHI above 
5.8. Therefore, the high release of exudate in PSE muscles cannot be 
induced by shortening of sarcomeres. Furthermore the increased drip loss 
of shortened muscles is released with a lag phase after the second day 
post mortem as shown by Honikel et al. (1986) and Fig. 1, whereas PSE 
muscles released their drip within the first day post mortem, levelling 

off afterwards (Fig. 1). We explain this fast release of drip in PSE 
muscles by membrane leakage and protein denaturation due to the temperature/ 
pH/time conditions in these muscles (Honikel and Kim, 1985). 
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TABLE 1 Sarcomere lengths of pork muscles with different glycolytic rates, 
measured at 3 days post mortem (muscles were stored at 20 - 24°C 
from 1 to 24 hours post mortem; then at DOC) 

muscle pHI number _sarcomere length (~m) 
x s re 1 .1 ength 

long. dorsi < 5.8 43 1.72 0.22 1 
5.81-6.10 19 1. 65 0.08 0.96 
~6.10 6 1. 46 0.26 0.85 

supraspinam < 5.8 1 1.82 - 1 
5.81-6.10 3 1. 54 0.23 0.85 
>6.10 8 1. 49 0.18 0.82 

cleidooccipitalis <:'5.8 3 1. 85 0.27 1 
5.81-6.10 2 1. 70 - 0.92 

>6.10 7 1. 57 0.13 0.85 

semimembranosus < 5.8 5 1.72 0.13 1 
5.81-6.10 5 1. 64 0.13 0.95 

)-6.10 2 1. 56 - 0.91 

semitendinosus .( 5.8 9 1.77 0.14 1 
5.81-6.10 8 1. 58 0.23 0.89 
>6.10 7 1.60 0.06 0.90 

adductor < 5.8 5 1.77 0.16 1 
5.81-6.10 7 1. 62 0.29 0.91 

)-6.10 9 1: 45 0.21 0.82 

gluteus medius <5.8 8 1. 56 0.33 1 
5.81-6.10 6 1. 32 0.22 0.85 
>6.10 11 1. 36 0.17 0.87 

psoas major .( 5.8 16 2.71 0.13 1 
5.81-6.10 9 2.35 0.51 0.87 
..>6.10 1 2.35 - 0.87 

A pH of 5.8 and lower is reached in PSE muscles within 45 min post mortem 

at temperatures well above 35°C. The temperature of rapidly glycolysing 

muscles within a carcass falls slowly reaching 30°C in M.long.dorsi 

after 2 - 3 hours. This means that high temperatures at low pH values last 

for some time. Under these conditions the proteins of the myofibre denature, 

leading to exudative meat (Fischer et al., 1979). Also the pale appearance 

is explained by protein denaturation (Bendall and Wismer-Pedersen, 1962). 

Protein denaturation in PSE muscles was confirmed by Stabursvik et al. (1984) 



and Honikel and Kim (1985) using differential scanning calorimetry (DSC), 
protein solubility and myofibrillar ATPase activity measurements. 

4 6 8 10 12 14 16 
Days of storage 

Fig. 1 Drip loss during storage of slices of "normal" and "PSE" 
M. longissimus dorsi with a pHI value of 6.0. 

Slices of M. long. dorsi were obtained within 45 min post mortem 
with a pH of 6.0. Two slices were stored at 38°C between 45 min 
and 2 hours, at 35°C between 2 and 3 hours, and at 33°C between 
3 and 4 hours p.m. From 4 hours up to 17 days post mortem the 
temperature of storage was O°C. These conditions are called "PSE". 
Two further slices of the same muscles were stored at 20°C between 
45 min and 4 hours post mortem. Then the temperature was O°C up to 
day 17 post mortem. These conditions are called "normal". Drip loss 
was measured at the days indicated. The figures between the curves 
are the differences in drip loss at the days of measurement in 
percent. Data of drip loss are the mean of the two slices used. 

Proteins denature rather slowly. Rapid chilling of PSE-prone muscles by 

diminishing the time of low pH at high temperature should at least par

tially prevent protein denaturation, consequently diminishing drip loss 

and meat paleness. 
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Influence of chilling conditions on drip loss of PSE-prone muscles 
To determine the influence of prevailing high temperatures at low 

pH values on drip loss, M. long. dorsi muscles of pork were cut from 
the carcass within 35 - 45 min post mortem. In the first set of experiments 
we used M. long. dorsi with a pHI of 6.0 and incubated adjacent slices under 
different temperature conditions. The first two slices were incubated 

between 45 min and 2 hours at 38°C, then the temperature was lowered 
to 35°C at 2 to 3 hours, from 3 to 4 hours post mortem the slices were 
kept at 33°C. In Fig. 1 these are the "PSE" conditions. Two further slices 
were stored at 20°C between 45 min and 4 hours post mortem, representing 
"normal" conditions. As expected the "PSE" muscle slices had a high drip 
loss of 13 % in the first 24 hours while the "normal" muscles lost only 
1.5 % as drip. Storage at O°C for 17 days showed that the "PSE" muscle 
slices lost a total of 19.5 % drip, the "normal" slices lost 15.9 % of 
exudate. This 23 % increase of drip in the "PSE" vs. "normal" meat is 
attributed to protein denaturation as we found the same percentage of 
protein denaturation with DSC measurements and in the reduced protein 

solubility of PSE muscles (Honikel and Kim, 1985). The rapid release at 
day 1 may be additionally due to membrane leakage, as we observed in some 
cases denatured myosin in the exudate (Honikel and Kim, 1985). It is 

interesting to note, that the difference in drip loss of the differently 
incubated slices of the same muscle is largest at day 1 and still very 
high at day 5 at the time when pork is usually sold and consumed. 

A similar experimental set up, but with 3 different fast glycolysing 

M. long. dorsi of pHI of 5.4, 5.5 and 5.7 is shown in Fig. 2. In these 
experiments again we took adjacent slices of the muscles and lowered 

the temperature with different velocities increasing the chilling rates 
from experiment 1 to 6. The conditions used in experiments 1 and 2 
simulated the first 4 hours post mortem in muscles within the carcass 

in a conventional chilling slaughterhouse. Experiments 3 to 6 investigated 
conditions relevant to hot boning. It can be seen that the faster the 
muscle slices were chilled the lower was the drip loss. 

Again under "PSE-in-carcass" conditions (number 1 and 2) the drip on 
day 1 was very high in relation to "hot boning" conditions (number 3 - 6). 

The results in Fig. 2 obtained with fast glycolysing muscles confirmed 
the results of Fig. 1. Pork is usually sold and consumed within 5 - 6 days 
post mortem. 
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Fig. 2 Influence of chilling conditions on drip loss in slices of M.long. 
dorsi with pHI values between 5.4 and 5.7. Six different chilling regimes 
were used between 45 min and 5 hours post mortem and these are given below. 
The drip loss values are the means of the measurements on three M.long. 
dorsi of different carcasses which were stored under the same temperature/ 
time conditions. 
The pH values measured 45 min post mortem of all 6 x 3 slices were 
between 5.40 and 5.70. The slices cut at 45 min post mortem from the 
muscle weighed about 80 g and were stored in plastic pouches under 
atmospheric pressure between 50 min and 5 hours post mortem in water 
baths of different temperatures. After 5 hours all samples were stored 
in a chiller at DoC. 
Temperature/time conditions are indicated in top part of the Figure. 
All temperature data are those of the storage medium. 
Experiment 1: 40°C between 50 min and 1.5 hours 

38°C between 1.5 and 2 hours 
32°C between 2 and 3 hours 
25°C between 3 and 4 hours 
20°C between 4 and 5 hours 

DoC after 5 hours post mortem 
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Experiment 2: 
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O°C after 4 hours post mortem 

32°C between 50 min and 1.5 hours 
25°C between 1.5 and 2 hours 
20°C between 2 and 3 hours 

O°C after 3 hours post mortem 

25°C between 50 min and 1.5 hours 
20°C between 1.5 and 2 hours 

O°C after 2 hours post mortem 

20°C between 50 min and 1.5 hours 
O°C after 1.5 hours 
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Fig. 3 The relationship between drip loss 6 days post mortem in 
M.10ng.dorsi (pH] 5.4-5.7) and the mean velocity of temperature 
fall in the muscles between 40° and O°C. 
The data are derived from Fig. 2 
The mean velocity was calculated by measuring the temperature 
immediately before incubation and the time taken to reach DOC 
in the muscle. 
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Fig. 3 demonstrates that at day 6 the drip loss in PSE-prone muscles 

after hot boning wi th fast chilling rates can be reduced from 15 to about 

10 %. This reduction of the exudate of PSE muscles could be of considerable 
economic importance. Present work is aimed at transferring from these 
experimental conditions to the conditions in slaughter and cutting 
facil i ti es. 

Influence of chilling conditions on meat colour 
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Fig. 4 Influence of temperature of storage between 45 min and 
5 hours post mortem on the colour brightness (L) of four hot-boned 
M.long . dorsi of pork (pH 5.4 - 5.8) after 5 days post mortem in 
comparison with the cOl06r brightness of M.long.dorsi cold-boned 
after 24 hours. 
From the left side of 4 carcasses the M. long. dorsi were hot-boned 
between 30 and 45 min post mortem and slices were stored between 
45 min and 5 hours post mortem at the temperatures indicated. 
Afterwards they were held at DoC. The muscles in the right side 
of carcasses were cold-boned after 24 hours and stored thereafter 
at DoC. Colour brightness was measured 5 days post mortem. 

Parallel to the work on the effect of fast chilling of PSE-prone muscles 

on drip loss we also studied its influence on the colour of meat. The paleness 

of PSE muscles can also be reduced by fast chilling as shown in Fig . 4. 

In PSE muscles with pHI values below 5.8, the effect of hot boning from 

one side of the carcass and storage for 4 hours at temperatures below 35 °C 
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was compared with cold boning from the other side. The colour brightness 
(L) values were considerably reduced (the muscles became redder) in the 
hot boned material. The difference was observed even at 5 days post 
mortem. Drip loss and colour brightness after 5 days show a linear 

relationship (Fig. 5). 
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Fig. 5 Relationship between colour brightness (L) and drip of 
M. long. dorsi after 5 days of storage. 
Data are obtained from the same muscles as in Fig. 4. 
Drip loss was determined as described in Methods. 

CONCLUSIONS 

Fast chilling of fast glycolysing (PSE-prone) muscles reduces the 
drip loss and the paleness of the meat. However, the drip loss of normal 
glycolysing muscles is still lower. Therefore, fast chilling after hot 
boning can diminish the PSE characteristics but cannot solve the PSE 

problem. The results reported here will be extended in further experiments 
under industrial conditions of slaughter and cutting, with the aim of 

evaluating the best temperature/pH/time conditions for normal and fast 
glycolysing pork muscles. 
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Meat quality has teen part of the Danish pig breeding progranma since 
1954. From 1954 to 1972 the selection criterion was leanness and there 
was alrrost no selection for rreat quality score. During this period the 
frequency of PSE carcasses increased narkedly. During the period 1972 to 
1980 selection included a rreat quality index to such a degree that it was 
the only trait that s~ phenotypic inprovenent. From 1980 to the 
present all breeding animals, including progeny, full and half sibs have 
teen evaluated by the selection index rrethod. The aggregate genotype 
consists of four traits: daily gain, feed conversion ratio, per cent rreat 
in carcass, all weighted according to their economic value, and rreat 
quality calculated so as not to lead to a negative genetic response in 
rreat quality. Changes in pararreter estimates including rreat quality from 
period to period are probably due to change in the preslaughter stunning 
rrethod. Use of the selection index has inproved genetic rrerit, however, 
genetic pararreters nust l:e properly nonitored and the index reevaluated 
for observed and predicted response to correspond. 

INTRODUCTICN 

Since the publication of the investigations carried out by Ludvigsen 

in the years 1948 to 1950, rreat quality has teen taken into account in the 

Danish pig breeding progranma (Ludvigsen, 1954). The well-known 

phenorrenon later designated pale, soft and exudative (PSE) pig rreat was 

descril:ed as nuscle degeneration by Ludvigsen and defined as I alterations 

of the nuscle appearing macroscopically as a discolouration, having a 

pale or greyish colour resembling that of chicken or fish rreat I. Since 

these investigations, an evaluation of rreat colour and structure has teen 

part of the carcass evaluation on tested pigs. From 1954 rreat quality 

has teen assessed using different criteria and will therefore l:e descril:ed 

separately for the periods 1954 - 1972, 1972 - 1980 and 1980 - 1985. 

RESULTS 
Period 1954 - 1972: At this tirre the main selection criterion was 

leanness, rreasured in the carcass as back fat thickness, and from 1967 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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percent neat was also included. The routine carcass evaluation procedure 

for performance tested pigs included an evaluation of neat colour and neat 

structure I::ut alm:>st no selection was applied to it. Meat quality was 

neasured on a scale ranging from 0.5 - 5 (Pedersen, 1979) on which 0.5 to 

2.0 indicated marked to slight PSE, 2.5 to 3.0 indicated the desired 

quality and 3.5 to 5.0 indicated slight to marked DFD (dark, firm, dry) 

pork. 

The results from this period showed an increase in the frequency of 

PSE carcasses. The decrease in the score for neat colour, recorded until 

1970, was probably a correlated response to the selection for leaner pigs. 

The decrease in neat colour score followed the decrease in backfat 

thickness (Fig 1) . 
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Fig. 1 Trends in neat colour and backfat thickness from 'on stations' 
results. More than 7000 pig carcasses were neasured in each year 
(Vestergaard, 1979). 

Period 1972 - 1980: During this period neat quality was introduced as a 

breeding goal together with leanness. In order to :i.nprove neat quality a 

Meat Quality Index (MQ) was introduced as a selection criterion in 1972. 

The Index was calculated from neasurenents of pH and reflectance in loin 



and ham. The Iooex was scaled to be in the interval (0; 10), with roth 

PSE and DFD neat corresponding to low iOOex values, (Barton 1974) . 
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From 1972 until the end of the seventies, neat quality was the only 

trait that shov.el phenotypic iIrprovenent. The iOOex value rose steadily 

from 6.77 in 1972 to 7.26 in 1980, whereas daily gain, feed conversion 

ratio and neat percentage remained unchanged (Table 1; Pedersen 1979). 

Period 1980 - 1985: Since autumn 1980, all breeding aninals have been 

assessed by the selection index nethod, taking into account infC>r!l'ation 

from their own performance, from progeny and from full- and half-sits. 

The aggregate genotype consists of the four traits listed below, with 

their respective economic weights in Danish kroner per unit. 

TRAIT ECan1IC ~VEIGHT 

1 Daily gain (g) 0,14 kr 

2 Feed conversion ratio -120,00 kr 
(SFU per kg gain) 

3 Per cent neat in carcasses 7,00 kr 

4 Meat quality index (~) 10,00 kr 

The economic weight of the first three traits is calculated on the 

basis of the economic value of the traits, whereas the economic weight 

of MQ is calculated so that selection by the selection iOOex nay not lead 

to a negative genetic response in ~. 

The value of 10 kr per unit of ~ is based on the estinates of 

pa::-arreters from period 1 in Table 2. In 1983, the estinated pararreters 

were updated (period 2 in Table 2). 

The heritability (h2) of ~ decreased from 0.59 in period 1 to 0.26 

in period 2 and the genetic correlation between ~ and daily gain changed 

from -0.17 to 0.09. The nuch lower h2 in period 2 nay be due partly to 

the fact that the nethod of stunning at nost abattoirs changed from 

electrical stunning to carl::on dioxide anaesthesia. The sutstantial 

decrease in MQ index for the year 1984/85 (Table 1) suggests that the 

estinates of pararreters deviate strongly from the true pararreters. 

Estinates of pararreters for period 3 show that the genetic correlation 

between ~ and daily gain is negative once nore and to a greater degree 

(-0.22) than before. In addition, the genetic correlation between ~ 

and feed conversion ratio has increased from 0.08 to 0.35. 
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TABLE 1 Means of 4 traits fran 'on stations' results for Danish 
Landrace pigs (adjusted for station x season effect according to 
Andersen and Vestergaard, 1984). 

Number of Daily Meat Meat quality 

test groups gain (g) FeR1 percentage index (MQ) 

1984/85 1086 827 2.74 63.9 7.05 
1983/84 1099 795 2.81 64.1 7.22 
1982/83 1468 760 2.86 64.0 7.16 
1981/82 2423 743 2.93 63.6 7.30 
1980/81 2982 727 2.96 63.5 7.26 
1979/80 2889 726 2.98 63.3 7.19 
1978/79 2654 722 3.00 63.2 7.16 

1Feed conversion ratio, expressed in Scandanavian Feed Units per 
kg of gain 

TABLE 2 Estimated genetic pararreters for the Danish Landrace breed. 
(Family heritability on the diagonal and genetic correlations on top; 
standard errors of estimates in brackets) . 

Average Gain/ Percent rreat 

Traits periods1 daily gain feed intake in carcass MQ index 

ADG 1 .37 (.06) -.57 ( .09) -.39 (.07) -.17 (.06) 
2 .62 ( .11) -.56 ( .19) -.27 ( .14) .09 ( .19) 
3 .49 (.09) -.43 ( .14) -.27 (.09) -.22 ( .11) 

FeR 1 .43 ( .06) .01 (.06) .19 (.05) 
2 .49 ( .11) -.34 ( .15) .08 (.20) 
3 .36 ( .10) -.25 ( .11) .35 ( .12) 

Percent 1 .57 ( .06) -.08 ( .05) 
rreat 2 .58 ( .11) -.10 ( .20) 

3 .59 ( .09) -.02 ( .11) 

MQ 1 .59 (.06) 
2 .26 ( .12) 
3 .32 (.09) 

Genetic 1 2107 .020 2.43 .63 
variance 2 2546 .014 1.97 .20 

3 1954 .008 1.77 .34 

1Period 1: Based on records of test group rreans from 1974 to 1976; 
number of test groups = 6304; number of sires = 2381. 

Period 2: Based on records of test group rreans from May 1981-June 
1982; number of test groups = 1612; number of sires = 747. 

Period 3: Fran June 1982 to May 1985; number of test groups = 2609; 
number of sires = 986. 

The pararreters were calculated according to Andersen and Vestergaard 
(1984) • 
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The consequence of applying paranEter estimates from period 3 is that 

the econanic weight of M;J will increase from kr 10.00 to kr 21.00 per unit 

in order to avoid a negative response in M;J when using the selection index. 

The estimates for paranEters that include M;J vary rrore from one 

period to another than estimates not involving M;J, which could 00 partly 

due to the change in stunning nethod in period 2 (Table 2). 

The use of the selection index has teen successful in the 

inprovenent of genetic nerit, l:ut the data on neat quality illustrate a 

comron problem: the efficiency of the selection index can 00 severely 

affected if genetic paranEters are poorly estimated. Sampling errors of 

the estimates and unaccounted changes of the paranEters during the 

breeding prograrme are t~ factors that reduce the efficiency of index 

selection. 
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Recent research confirms that genetic liability to halothane reaction 
and porcine stress syndrome (PSS) is largely controlled by a single locus 
(HAL), with evidence of genetic and maternal effects on expression. It 
now appears that the gene causing halothane reaction (n) may not be fully 
recessive,either for halothane sensitivity or meat quality. Nevertheless 
annual benefits from producing a heterozygous (Nn) slaughter generation 
in the UK could reach £20 million. The incidence of halothane reaction 
in European Landrace strains ranges from 1 to 100%. Continued selection 
for improved lean content is expected to increase the frequency of the 
halothane gene (n). Phenotypic halothane screening programmes would then 
only serve to hold gene frequencies at intermediate equilibria. A long 
term case therefore exists for eliminating the gene from maternal lines. 
Elimination by test-mating to positive homozygotes (nn) may prove 
prohibitively expensive. One option might be to await cheaper and more 
efficient methods of genotyping before attempting elimination. Immediate 
priorities for research are to devise new methods of genotyping, and to 
determine the net economic advantage of the heterozygote (Nn). 

INTRODUCTION 
It is now some 15 years since the association between porcine stress 

syndrome (PSS) and a pig's reaction to halothane anaesthesia was first 
observed (Eike1enboom and Minkema, 1974). Good evidence has accumulated 
that the halothane reaction is controlled by a single locus (HAL), situated 
within a group of linked blood type loci (Carden et a1., 1983; Andresen, 
1985). Early indications that the halothane gene (HALn) was additive 
for lean content but recessive for PSS (Minkema et a1., 1976) have 
encouraged the use of halothane positive (nn) terminal sires to give a 
heterozygous (Nn) slaughter generation with an economic advantage. Many 
European breeding programmes have therefore already adopted measures to 
control the frequency of the gene in maternal lines (Ka11weit, 1985). 
This paper reviews the state of knowledge on the halothane test and its 
likely role in breeding strategy within EEC countries. 

INHERITANCE OF HALOTHANE SENSITIVITY 
Major gene 

Empirical observations of a fully recessive gene have now been tested 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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against alternative models of inheritance (Carden et al., 1983). At the 
Animal Breeding Research Organisation (ABRO), selection for positive (HP) 
and negative (HN) halothane reaction has been practised in two sets of 
experimental lines (Figure 1) : Pietrain/Hampshire (PTH) and British 
Landrace (BLR) (Webb et al., 1985). The lines clearly demonstrate that 
the HP incidence can be very quickly changed by selection over the 
intermediate range, but the approach to fixation in the HP BLR line 
appeared slower than expected from a straightforward recessive gene. 

100 
-- --

80 --,-, 
HP LINES , 

HP 60 
, , 

% I BRITISH LANDRACE I 40 I 
I 

20 I 
( HN LINES , , 

0 '----------~~,~ -. 
1976 77 78 79 80 81 82 83 84 85 

Years of selection 

Fig. 1 Observed incidences of halothane positive reaction at 
7-8 weeks of age in ABRO Pietrain/Hampshire (------) and Landrace 
(-----) lines selected for positive (HP) and negative (HN) 
reaction. (Generation interval slightly greater than one year 
in Pietrain/Hampshire; exactly one year in Landrace). 

Comparing single- and two-locus models (Carden et al., 1983), the 
best fit in PTH was obtained with a fully recessive allele (n), and 
penetrance values of 0.91 for nn and zero for Nn. In BLR the existence 

of a second recessive suppressor locus could not be completely ruled out. 
However, the best fit for a single-locus model was obtained with penetrance 
values of 0.91 for nn and 0.22 for Nn. 

Penetrance of heterozygote 

To investigate the possibility of HP reactions by heterozygotes (Nn), 
the ABRO BLR lines were test~mated in all combinations (Table 1). The 
observed incidence of 12% HP among expected Nn progeny from HP~ x HN~ 
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matings can be explained by the presence of the gene (n) in the HN line. 
The significantly higher incidence of 28% HP from the reciprocal HN~ x HP~ 
matings suggests that Nn progeny may be more likely to react when born out 
of HP dams. 

TABLE 1 Results of test matings between ABRO positive (HP) and 
negative (HN) British Landrace selection lines (Southwood et al., 
1985). 

Selection line Expected Number Offspring 
offspring No. % 

Sire Dam genotype Sires Litters tested HP 

HN HN NN 20 28 240 2.9 
HP HN Nn 22 37 287 11.8 
HN HP Nn 21 36 302 27.5 
HP HP nn 23 33 267 91.0 

P < 0.01 for reciprocal difference : (HN x HP) - (HP x HN), and 
for heterozygote versus normal : (Nn - NN). 

The reciprocal difference implies some form of maternal inheritance. 
This might for example involve the mitochondria, which are already 
implicated in PSS (Cheah et al., 1984), contain their own DNA, and are 
maternally inherited (Wagner, 1972). Mitochondrial inheritance has 
recently been suggested for Huntingtons Disease and spina bifida in humans 
(Merril and Harrington, 1985), 

Gene expression 
The expression of the halothane gene appears to be affected by both 

genetic and environmental factors. For example, repeat halothane tests 
on progeny from HP x HP matings in the ABRO lines gave estimated 
probabilities of HP reaction averaging 43, 74 and 77% at 3, 5 and 7 weeks 
of age respectively (Carden and Webb, 1984). This suggests that the gene 
is not fully expressed at 3 weeks. In the same trials, the probabilities 
of HP reaction were consistently lower in boars than gilts, averaging 62 
and 73% respectively (Carden, 1982). However, a preliminary analysis of 
later generations of the BLR lines suggests that the sex difference may 
have disappeared (0.1. Southwood, unpublished). 

The time taken for a HP reaction may provide a quantitative measure 
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of the expression of the halothane gene. In the ABRO PTH and BLR lines, 
reaction times have averaged 84 and 88 seconds respectively, with 
phenotypic standard deviations of 40 and 36 seconds. A preliminary pooled 
estimate of heritability was 0.38±0.31 (Webb et al., 1985). A similar 
estimate in Belgian Landrace was 0.37±0.19 (Lampo, 1978), although as in 
the ABRO lines other authors have been unable to demonstrate significant 
differences among sires (e.g. Reik et al., 1983). Examples of genetic 
modification of expression can be seen for the genes affecting polydactyly 
(Bodmer, 1960) and white spotting (Doolittle, 1983) in laboratory mice. 

The possible involvement of neighbouring blood group loci in modifying 
the expression of the halothane gene has been investigated in the ABRO BLR 
lines (Imlah, 1984; summarised by Webb et al., 1985). Accumulating 
results from four consecutive halothane tests per individual showed a trend 
towards earlier age of onset and faster reaction times from haplotypes 
normally associated with HAL n, involving alleles SS, Ha and PHIB. 
Although the association was not demonstrated beyond doubt, this raises the 
possibility of one or more modifier loci within the region, either marked 
by or directly involving the blood group loci. 

FREQUENCY OF HALOTHANE REACTION 
Landrace 

Some recent reports of the HP incidence in European Landrace strains 

are compared with pre-1980 estimates in Table 2. Countries such as 
Switzerland and the Netherlands have been successful in lowering the 
incidence of HP by halothane testing and selection (Kallweit, 1985). In 
countries with intermediate HP incidences, and where little selection 
against the gene has taken place, such as the UK, Sweden and France, the 
incidence has not changed seriously. Incidences in the large-hammed 
German and Belgian strains appear to be approaching 100%. 

Large White 

Latest reports confirm that the halothane gene is either absent 

altogether or present at a very low frequency in most Large White strains. 
Low HP incidences have been reported in Denmark (5%), the Netherlands (3%), 
Switzerland (6%), Finland (2%), Austria (2%) and Canada (2%), with an 

unexpected higher incidence of 16% in Sweden (see Webb et al., 1982; 
D'Allaire and Deroth, 1982; Kallweit, 1985). 



TABLE 2 Comparison of published incidences of halothane 
positive reaction (%) in European Landrace strains before 
and after 1980. 

Country 1977-80+ 1982-85 Recent author 

Norway 5 2 Ka11weit (1985) 
Denmark 7 5 Ka11weit (1985) 
United Kingdom 11 10 Southwood (unpublished) 
Switzerland 13 1 Ka11weit (1985) 
Sweden 15 21 Ka11weit (1985) 
France 17 16 Ka11weit (1985) 
Netherlands 22 8 Eikelenboom (1985) 
Germany 68 79 Ka11weit (1985) 
Belgium 86 100 Ka11weit (1985) 

+For 1977-80 references see Webb et al. (1982) • 

In 1979 a British survey of 764 Large Whites from seven herds showed 
no HP reactions (Webb, 1980). Since then, a sample of 200 Large Whites 
have been test-mated to HP reactors (expected nn) from the ABRO PTH and 
BLR lines. Surprisingly, 42 out of 200 (21%) left at least one HP 
offspring, implying a national HP incidence in purebred Large White of 
around 1% (Webb et al., 1985). 

Possible reasons for the sudden "appearance" of the gene in British 

Large White could include: (1) HP reactions in Nn test cross progeny, 
(2) chance sampling, (3) immigration, (4) some form of genetic suppressor 
mechanism in the breed. A total of 56 suspected Large White carriers 
were therefore mated inter se at ABRO, and have so far left a total of 
42 out of 233 (18%) purebred Large White HP progeny. This confirms that 
the gene was present in at least some of the test-mated Large Whites. 
Examination of the pedigrees of suspect carriers implicates a large 
number of herds, ruling out a recent immigration. The most plausible 
explanation seems to be chance sampling. However, there is at least a 
possibility of some form of suppressor mechanism in which the gene is 

progressively "uncovered", for example as some threshold of leanness is 
crossed. 
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EFFECTS ON PERFORMANCE 
Phenotypic effects 

Good evidence now exists that, compared with HN, HP reactors show 
advantages in lean yield and feed efficiency, accompanied by disadvantages 
in meat quality, postweaning survival, carcass length, appetite and litter 
productivity (e.g. Webb et al., 1982). However, the difference in 
performance between phenotypes appears to vary widely over studies. As 
an example, the phenotypic differences (HP-HN) from the ABRO PTH and BLR 
lines have been compared (Table 3) with each other, and with those from 
20 other published studies. The two sets of lines farrowed on different 
farms, and their growth performance was measured at Meat and Livestock 
Commission (MLC) testing stations in different years : PTH fed twice 
daily to-appetite, and BLR litters split between ad libitum and scale 
feeding. 

TABLE 3 Phenotypic differences (HP-HN) in performance from 
Pietrain/Hampshire (PTH) and British Landrace (BLR) selection 
lines at ABRO, compared with published differences in a variety 
of breeds and countries. 

PTH+ Published differences++ 

Trait Diff se Diff se Mean 

Litter size born -0.1 0.3 -1.2 0.4 
Litter size weaned -0.3 0.3 -1.8 0.4 
Piglet weight at 
birth (kg) -0.11 0.02 -0.08 0.04 

Piglet weight at 
weaning (kg) -0.40 0.20 -0.40 0.77 

Daily liveweight 
gain (g) 3 7 5 19 -2 

Food conversion 
ratio -0.07 0.02 0.00 0.08 -0.06 

Carcass length (mm) -14 7 -12 5 -11 
Eye-muscl e area 

(cm2) 0.8 0.3 0.8 0.6 1.1 
Killing out (g/kg) 1 3 10 7 10 
Lean proportion 

(g/kg) 10 7 38 13 26 
PSE (% carcases) 31 3 25 8 46 
Mortality (% pigs) 5 2 10 5 10 

Min Max 

-47 28 

-0.30 0.02 
-29 1 

-2.7 3.4 
2 26 

9 46 
22 80 
5 17 

+ From Carden et al. (1985); Simpson et al. (1985); Webb and 
Jordan (1978); Webb and Simpson (1986). 

++ For references see Webb et al. (1982). 
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The phenotypic reductions (HP-HN) in litter size weaned were 1.8 
piglets in PTH and 0.3 piglets in BLR, but there was little difference in 
the effects on piglet weights (Table 3). Similarly, the phenotypic 
differences in lean content and mortality were greater in PTH than BLR, 
although the differences in PSE incidence were not consistent. Across 
all studies, there was threefold variation in meat quantity, quality and 
viability. 

Clearly the differences among studies must be treated with caution 
since they are affected by environment, sampling, and varying degrees 
of homozygosity. Nevertheless, it seems both possible that the effects 
of the gene may vary among breeds, and likely that the genetic background 
could affect expression. Thus the effects on litter size, lean content 
and mortality might be expected to be smaller in BLR than in PTH with 
its greater muscle development. If so, the cost-effectiveness of 
strategies to manipulate the frequency of the gene will need to be 
assessed separately for each breed combination. 

Genotypic effects 
Although the halothane gene (n) appears additive for its beneficial 

effects on lean yield, the extent to which the gene (n) is recessive for 
its adverse effects on viability and meat quality remains uncertain (see 
Webb et al., 1982). Recent genotypic comparisons have shown the 
heterozygote (Nn) to be intermediate between the two homozygotes (NN and 
nn) for PSE incidence, pH1, drip loss, CK activity, EEL reflectance and 
other meat quality criteria (Schworer, 1982; Jensen and Barton-Gade, 
1985; Lundstrom et al., 1985). 

In the ABRO PTH lines, a within-sire comparison of the performance 
of Nn and NN was conducted by mating NN boars to both nn and NN females. 
Progeny were performance tested at MLC stations on twice daily to-appetite 
feeding. Standard errors of differences (Table 4) were large, since 
they include an estimate of the variance due to genetic drift which is 
itself subject to large errors. However, compared with NN, Nn showed 
significantly paler meat colour accompanied by evidence of expected 
improvements in lean yield, but no change in muscle pH. For all markets, 
further clarification is needed as to whether the financial penalty from 

a deterioration in meat quality of Nn is likely to seriously reduce the 
economic advantage from improved meat quantity. 
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TABLE 4 Differences between Nn and NN estimated from the 
Pietrain/Hampshire selection lines on twice-daily to-appetite 
feeding (from Carden, 1982). 

Trait Mean s.d. Nn-NN + se 

Daily live-weight gain (g) 662 57 13 17 NS 
Daily food consumption (g) 2000 124 25 34 NS 
Food conversion ratio 3.03 0.20 -0.02 0.07 NS 
Average backfat (mm) 28.6 3.4 -1.3 1 .1 NS 
Carcass length (mm)2 720.0 17.1 -1.8 6.9 NS 
Eye-muscle area (cm ) 32.3 2.5 0.4 0.6 NS 
Killing out (g/kg) 781 14 3 4 NS 
Lean propn. in rumpback joint (g/kg) 522 37 15 14 NS 
pH 90 min post mortem 6.1 0.8 0.0 0.1 NS 
Eye-muscle colour (EEL) 43.1 3.5 1.6 0.9 * 

+Standard errors of Nn-NN include estimated variance due to 
genetic drift. No. pigs : 108 Nn and 216 NN. 

BREEDING STRATEGY 
What breeding strategy should be adopted for the halothane gene both 

to ensure that meat quality does not deteriorate, and to exploit any 
advantage in lean content? For anyone pig population, the options are 
to completely eliminate the gene, to simply reduce the frequency to a 
lower level, to fix the gene at a frequency of 100%, or to take no action. 
Strategies for sire and dam populations are considered separately below. 

Halothane positive sire lines 
The cost-effectiveness of developing nn terminal sire lines will 

depend on: 

(1) the magnitude of the effect of HAL n on all aspects of 

performance, including any effects of the genetic 
background, 

(2) the extent to which HALn is recessive for meat quality 

and PSS, 

(3) the frequency of HALn in the corresponding dam line, 

(4) the costs of eliminating HAL n, or reducing its frequency, 
in the dam line, 



(5) the additional maintenance and selection costs of the 

HP sire line. 

What would be the benefit of switching to a Nn slaughter generation 

in a country such as the UK? Consider a national herd of 800 000 Fl 
Large White x Landrace sows producing some 16 000 000 slaughter pigs per 
year from a backcross to Large White. Assume that the halothane gene 
(n) is fully recessive with initial nn frequencies of 1% in Large White 
and 15% in Landrace. Further assume that the net economic difference 

305 

in performance in the dam breeds is £-1.4 for nn-NN and £+0.8 for Nn-NN 

(Webb, 1983), with corresponding differences of £-3.9 and £+1.7 for the 
terminal sire breed (Webb et al., 1982). A very approximate calculation 
(Table 5) shows that the net benefit from introducing a nn terminal sire 
and eliminating the gene from the maternal lines could be of the order of 
£20 million per year, after allowing for additional selection costs in 
the sire line. Assuming an instantaneous change, and with an annual 
discount rate of 5%, the current value of the improvement would be £173 
million after 10 years and £264 million after 20 years. 

TABLE 5 Approximate calculation of economic benefit of changing 
from a Large White x (Large White x Landrace) backcross to a 
heterozygous (Nn) slaughter generation produced by mating a nn 
terminal sire to a NN Fl Large White x Landrace dam. 

Present Future 

Number £ per Total £ Number £ per Total £ 
Breed or cross (000) pig (000) (000) pig (000) 

Large White (LW) 30 0.13 3.9 30 0.00 0.0 
Landrace (LR) 30 0.17 5.2 30 0.00 0.0 
Fl (LWxLR) 800 0.28 224.0 800 0.00 0.0 
Terminal sire (TS) 0 50 -3.90 -19.5 
Slaughter generation 16 000 0.21 3 280 16 000 1.70 27 000 
Less selection costs 
for TS 16 -200.0 -3 000 

Tota 1 benefit 3 513 23 805 

Clearly the predicted benefits depend heavily on the relative 
performance of Nn, which is poorly estimated at present. In addition, 
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the improvement of £1.7 for Nn progeny amounts to only two years of 
selection in the British pig improvement scheme, estimated to be worth 
£0.8 per year (Mitchell et al., 1982). The terminal sire population 
would therefore have to be continuously selected to maintain its advantage. 
A further complication is that present methods of payment may not adequately 
reflect the changes in meat quantity and quality from introducing a 
halothane positive (nn) terminal sire. In Britain, a comparison of the 
economic performance of Large White and specialised large-hammed terminal 
sires is currently being conducted by MLC (A.J. Kempster, personal 
communication). However, it is unlikely that the halothane gene will be 
solely responsible for the changes in meatquantity and quality from the 
large-hammed sire lines. 

Maternal lines 
If nn terminal sires should prove worthwhile, the case for a short 

term reduction in frequency of HALn in the maternal breeds depends on the 
expected change in frequency of nn in the slaughter generation. For 
example, starting from nn frequencies of 1% in maternal Large White and 
15% in maternal Landrace, and assuming fully recessive inheritance, the 
expected frequency of nn in the slaughter generation would be 25% (Table 6). 
Eliminating HALn from Large White altogether (Case I) then reduces the nn 
frequency in the slaughter generation from 25 to 20%. Eliminating HALn 

from Landrace (Case II) reduces the nn frequency in the slaughter 
generation from 25 to 5%. RedUCing the frequency of nn in Landrace from 
15 to 5% (Case III) reduces the nn frequency in the slaughter generation 
from 25 to 16%. Increasing the frequency of nn in Landrace from 15 to 
25% (Case IV) only raises the nn frequency in the slaughter generation from 
25 to 30%. The frequency of nn in the slaughter generation, and more 
especially the frequencies of stress deaths (5-10% of nn) and PSE (20-80% 
of nn), are therefore relatively insensitive to small changes in frequency 
of HALn in the maternal breeds. 

In the longer term, if no countermeasures are taken in segregating 
maternal breeds such as European Landrace, continued selection for leanness 
can be expected to increase the frequency of the gene. For example, the 
doubling time for a nn frequency of 15% could be as little as three 
generations (Smith, 1982). Any action to maintain the gene frequency at 
a low level will result in an expensive equilibrium, with selection against 



halothane sensitivity working in opposition to selection for increased 
leanness. A strong case will almost certainly exist for eliminating 
the gene from maternal lines within the next few years. 

TABLE 6 Effect of a change in frequency of nn in maternal breeds 
on the frequency of nn in the slaughter generation when using a nn 
terminal sire. Table entries are frequencies (%) of nn assuming 
that the gene is fully recessive. 

Maternal 

Large White 
Case (LW) 

Start 1 
I 0 
II 1 
III 1 
IV 1 

ELIMINATING THE GENE 
Halothane testing 

breeds 

Landrace 
(LR) 

15 
15 
0 
5 

25 

Terminal Fl Slaughter 
sire dam generation 
(TS) (LWxLR) TSx(LWxLR) 

100 3 25 
100 0 20 
100 0 5 
100 2 16 
100 5 30 
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The effectiveness of alternative halothane testing strategies in 
eliminating the gene can be compared using the approach of Smith and Webb 
(1981). Assume for example that pigs are selected on an index of 
performance for which nn has an advantage over NN of 0.50 phenotypic 
standard deviation (0). Assume also that the gene is additive so that 
Nn has an advantage over NN of 0.250. In the presence of selection on 
the index, but with no halothane testing whatsoever, an initial frequency 
of 15% nn would be expected to increase to 85% in just four generations 
of selection (Figure 2). With phenotypic halothane screening of boars 
only, the initial frequency of 15% nn would still increase to around 45% 
in four generations. Halothane screening of both sexes would bring the 
nn frequency to an equilibrium of around 20%. The initial nn frequency 
of 15% would be held roughly constant by selecting only HN reactors 
(Nn and NN) from 100% HN litters. 

In the absence of selection on the index (Figure 2), halothane 
screening of both sexes would still fail to eliminate the gene after 
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10 generations. Even with selection from 100% HN litters, elimination 
would require roughly 8 generations. Clearly the quickest method of 
elimination is by test-mating both sexes to known nn. However, the 
occurrence of HP Nn among the progeny (Table 1) would wrongly implicate 
the parent as a carrier. To overcome this for a true frequency of 
20% HP Nn, some 50 halothane-tested progeny (or six litters) would be 
required to give a 95% probability of correctly genotyping a parent. 
This could dramatically increase the cost of elimination , although it 
is not yet clear whether Nn reactions are simply an artefact resulting 
from a change in genetic background in the ABRO HP BLR line. 

100 A 

80 
Frequency 

of 60 nn 
(%) 

40 

20 

0 
0 2 4 6 8 

Fig. 2 Effect of different halothane testing strategies on 
the expected frequency of nn in the presence of selection on 

10 

a performance index where the differences nn-NN and Nn-NN are 
0.50 and 0.25 sd respectively. A: no halothane screening; 
B: halothane screening of boars only; C: halothane screening 
of both sexes; D: rejection of segregating litters; E: 
test-mating of both sexes to nn. Dotted lines show strategies 
B to D in the absence of index selection. 

Halothane and succinylcholine 

The use of succinylcholine in conjunction with halothane as a means 

of detecting the heterozygote (Nn) has been investigated at ABRO. 
Boars from the HP and HN BLR lines were mated to HN Fl Large WHite x 
Norwegian Landrace females to give expected Nn and NN classes of 
progeny. Pigs received intravenous succinylcholine during halothane 

testing at 6-10 weeks of age. Compared with NN, Nn showed a 
significant increase in the duration of rigor and muscular spasms, and 
in a subjective score of the severity of rigor (Table 7). However, 
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the accuracy of genotyping an individual pig was poor due to considerable 
overlap of the distributions (Figure 3). Nevertheless, prior 
succinylcholine testing could be used to reduce the proportion of Nn 
in groups of HN (Nn and NN) for test mating. For example, in a herd 
with an initial frequency of 20% nn, the number of pigs needed for 
test mating to produce a given number of NN could be reduced by up to 50% 
(Webb et a 1., 1986). 

TABLE 7 Effect on hind leg musculature of an 
intravenous injection of 10-15mg succinylcholine 
during halothane anaesthesia in predicted 
heterozygotes (Nn) and normal homozygotes (NN) 
at the halothane locus (from Webb et al., 1986). 

s.e. of 
Observation Nn NN difference 

Number of pigs 54 67 0 
Rigor duration (sec) 14.5 8.1 3.1 * 
Rigor severity score (0-5) 3.6 2.2 0.5* 
Spasm duration (sec) 21.3 15.9 1.6** 

25 

20 
Proportion 

of 15 pigs 
(%) 

10 

5 

o 
o 4 8 12 16 20 24 28 32 36 

Duration of spasms (seconds) 

Fig. 3 Distribution of duration of spasms in response to 
succinylcholine and halothane (Clear bars = predicted NN; 
hatched bars = predicted Nn). 

Alternative methods of genotyping 

Clearly a direct method of detecting the heterozygote (Nn) at the HAL 
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locus is required, and a number of possibilities have been invesitgated. 
A very subjective appraisal of the tests shows a close association 
between cost and accuracy (Table 8). So far, only blood typing and 
CK activity are a practical proposition on a large scale. The most 
promising, blood typing, is discussed elsewhere in this symposium 
(Andresen, 1985). Other methods such as mitochondrial calcium efflux 
may offer a prospect of a cheaper test through a related blood parameter. 

PRIORITIES FOR RESEARCH 
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Short term research priorities appear twofold : first to provide a 
quick cheap method of genotyping at the HAL locus, and second to determine 
the relative performance of the heterozygote, particularly for meat 
quality. In addition to the various tests already under investigation 
(Table 8), new techniques in molecular biology for detecting DNA 
polymorphism offer a good prospect of direct methods of genotyping 
(Archibald, 1985), although the timescale is uncertain. Accurate 
genotyping w<ll in turn be required for precise estimation of the relative 
performance of Nn. Homozygous selection lines such as those at ABRO 
have the disadvantage of accumulating genetic drift, as well as 
possible systematic changes in genetic background affecting gene expression. 
Differences among genotypes will therefore best be estimated from current 
nucleus populations. 

A longer term priority will be to assess the possibility of 
separating the beneficial and harmful effects of the halothane gene within 
the same strain of pig. Prospects for success depend on whether the 
effects on performance arise from a single pleiotropic gene, or two or 
more loci in linkage disequilibrium. If a single gene, background 
genetic variation may allow the expression for PSS to be reduced while 
retaining some of the advantage in leanness, for example by selection 
for slow reaction time. If two or more loci close together, it may be 
possible to identify favourable recombinants using blood type or DNA 
polymorphic markers (Archibald, 1985). 

New techniques in biotechnology offer the opportunity for further 
investigation of possible mitochondrial inheritance of PSS. Since 
mitochondrial DNA is only roughly 16 500 base pairs in length 

(Watanabe et al., 1985), it would be possible to compare the amino acid 
sequence from the BLR HP and HN lines at ABRO. It may also be possible 
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to establish whether mitochondria from the HN line protect against 
halothane reactions in the HP line, for example by transplanting a 
HP nucleus into the cytoplasm of a fertilized HN egg. 

Finally, there is growing concern that the eating quality of pork 
may be declining. An important question for the future will therefore 
be the extent to which the unfavourable genetic correlation between 
meat quantity and quality will remain in the absence of the halothane 
gene. 

CONCLUSIONS 
It now appears that the halothane gene (HALn) may not be fully 

recessive for its effects on halothane sensitivity and PSS. In 
particular, the economic loss due to meat quality for the hetprozygote 
(Nn) is unclear. Nevertheless the net economic benefit of producing 
a 100% Nn slaughter generation in the UK could be as great as £20 
million per year. In the long term a case will almost certainly 
exist for eliminating HALn from maternal lines. However, elimination 
by test-mating to nn is likely to be prohibitively expensive. 
Immediate research priorities are therefore to develop direct methods 
of genotyping at the HAL locus, and to determine the relative economic 
advantage of Nn. 

With rapid advances in molecular genetics, it seems likely that 
easier and cheaper methods of eliminating the halothane gene could be 
available within 5 to 10 years. In view of the uncertainty over the 
benefits of HP sire lines, the relatively slow short-term rise in 
gene frequency and the expense of existing methods of elimination, the 
best strategy for the present may be either to take no action or to simply 
prevent a further serious increase in gene frequency. In the event 
of an unforeseen rapid rise in frequency or a shift in economic 
importance, existing halothane screening methods would still be available 
to reduce the frequency to a low level rather quickly. In the meantime, 
it may therefore be sufficient to monitor the change in frequency in 
the parent breeds. 
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The discoveries leading to establishment of the 6-10cus linkage group 
Phi, Hal, S, H, P02, Pgd are reviewed. The halothane locus, Hal, is a major 
quantitative trait locus, QTL, affecting the porcine stress syndrome, PSS, 
and associated meat quality traits. The five loci closely linked to the Hal 
locus are useful for marker assisted selection, MAS, against the recessive 
Hal n gene and, thereby, againstPSS. Application of MAS to population data, 
in contrast to family data, requires linkage disequilibrium between the Hal 
genes and the marker genes considered. Examples of selection are presented. 
The usefulness of haplotyping within families for distinguishing between 
halothane NN and Nn genotypes is emphasized. Attention is called to compli
cations due to heterozygous advantage of the Hal genes. The efficiency of 
selection based on halothane tests alone versus halothane tests combined 
with blood typing remains to be evaluated. The need for, and possibility 
of, exact heterozygosity-diagnosis is discussed. Finally, the view is ex
pressed that animal welfare problems should not be ignored whenever era
dication or exploitation of the halothane gene is considered. 

EARLY HISTORY 

The symptoms observed in pigs affected with stress were initially stu

died and defined by Ludvigsen during the period 1948-57 (Ludvigsen, 1954, 

1955, 1957, see also Wismer-Pedersen, 1959). Incidentally, at the end of 

this period immunogenetic studies revealed the H blood group system (Andre

sen, 1957) which is one of the marker systems for the porcine stress syn

drome, PSS, a designation introduced by Topel et al. (1968). MHS stands 

for malignant hyperthermia syndrome (Sybesma and Eikelenboom, 1969). The 

two designations are synonymous, but malignant hyperthermia is more de

scriptive of the symptoms which develop in the live animal and leads to 

PSE (pale, soft, exudative) meat or DFD (dark, firm, dry) meat after slaugh

ter. 

Genetic linkage between the H blood group locus and the two enzyme 

loci Phi (phosphohexose isomerase) and Pgd (phosphogluconate dehydrogenase) 

was established in 1971 (Andresen, 1971). In 1974 the halothane test was 

introduced as a diagnostic aid for detecting pigs which are able to develop 

the MHS (Eikelenboom and Minkema, 1974, Christian, 1974). In several breeds 

of pigs the abnormal reaction to halothane behaves as a simple autosomal, 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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recessive trait provided the pigs are tested under specified conditions 

(Ollivier et al., 1975). 

In 1976 three associations were discovered which soon proved to be of 

great significance for an understanding of the causal effects. The first 

association discovered was between halothane reactions and phenotypes of 

the H blood group system (Rasmusen and Christian, 1976). The second was 

the association between H blood groups and meat quality (Jensen et al., 

1976), so both halothane reactions and H blood groups are associated with 

meat quality (cf. Barton et al., 1977). The third was an association be

tween halothane reactions and genotypes of the Phi system (J0rgensen et 

a1., 1976). 

The most reasonable deductions to be made from the observations du

riny the period 1974-76 was that (1) the halothane locus is a major locus 

for meat quality and (2) the observed associations with the H and Phi loci 

were caused by close linkage between the three loci Hal, H and Phi. 

The next step was to confirm the assumption that the Hal locus was a 

member of the previously established linkage group comprising H, Phi and 

Pgd. This assumption was soon confirmed by establishing close linkage be

tween Hal and Phi (Andresen and Jensen, 1977). 

EXPLOITING THE GENETIC lINKAGE 

The halothane locus is a major locus affecting meat quality as the 

difference between the average effects of alternative homozygotes, NN and 

nn, exceeds one standard deviation with respect to both meat colour and 

meat percentage (cf. Andresen et al., 1981a). Thus, the Hal locus is a 

major quantitative trait locus (QTl) which can be exploited for direct se

lection as surveyed by Webb et al. (1985b) at this conference. 

The genes closely linked with the Hal locus can be used in marker as

sisted selection (MAS). A number of polymorphic marker loci are available 

for this purpose (see later section). The linkage between the marker locus 

and Hal may lead to association between the products of the two loci, i.e. 

PSS (MHS) and the marker trait, i.e. a blood group factor, an enzyme va

riant or a variant of a plasma protein; see illustration. 

Chromosome 

Halothane locus 
(Hal) 

Marker locus 

Effect __ .. _{PSS (MHS) } 
Meat qUality) 

------.~ Marker trait 
Association 
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Marker assisted selection can be implemented within families or in 

population material or at both levels. Association within families is due 

to joint segregation of the linked genes and their respective products. 

The outcome depends on the linkage phase (coupling vs. repulsion) of the 

parents and the relative distance between the two loci. Clearly, the ef

fect summarized over families also depends on the gene frequencies at the 

two loci. 

Whereas marker assisted selection within families is not affected by 

presence or absence of linkage disequilibrium, MAS within populations is 

only effective if the degree of linkage disequilibrium, D, is significant

ly different from zero. This is due to the fact that the association (r) 

is zero if D is zero as shown by Bodmer and Payne (1965). Thus, search for 

existence of linkage disequilibrium (DtO) in various pig populations having 

PSS problems have been of paramount importance prior to implementation of 

MAS at the population level. Hill (1974) has described the necessary pro

cedures for estimating D, and the advantages and limitations of MAS have 

been reviewed critically by Smith and Simpson (1985). 

Breeding strategies involving the Hal locus can be aimed at complete 

eradication of the gene n from the population or at production of a homo

zygous reactor (nn) sire line and a homozygous normal (NN) dam line to ex

ploit heterozygous advantage in the slaughter generation. Either goal can 

be approached by halothane test alone or by halothane test combined with 

blood typing. 

COMPLICATIONS DUE TO OVERDOMINANCE 

Heterozygous advantage (overdominance) at the Hal locus was originally 

proposed by Ollivier et al. (1975) and later considered by Andresen et al. 

(1981a) and economically quantified by Smith and Webb (1981) and Webb et 

al. (1985a). The relationship between the three halothane genotypes, NN, 

Nn, nn, and their relative chances of being included in the breeding popu

lation: f1 = 1-s 1 ' f = 1 and f2 = 1-s2, leads to a balanced polymorphism 

with gene frequencies depending solely on the selection pressures s1 and 

s2' thus, PeN) = s2/(s1+s2) and q(n) = s1/(s1+s2). Therefore, the gene fre

quencies depend on the breeding and production goal at any given time. The 

selection pressure s1 is mainly due to low meatiness for NN individuals and 

s2 to high mortality and inferior meat quality for nn individuals. Whenever 

meaty pigs are favoured in production there is a tendency for maintain

ing the n gene in the population. This complicates eradication programmes, 
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cf. last section. 

USEFUL GENETIC MARKERS 

The linkage group Phi, Hal, H, Pgd (Andresen and Jensen, 1977) inclu

des three polymorphic systems which are applicable in marker assisted se

lection (MAS) against the recessive halothane gene n. This linkage group 

was later expanded to include the S locus (Andresen, 1981, Rasmusen, 1981) 

and the P02 locus (Juneja et al., 1983). For a short period of time it was 

erroneously assumed that this 6-10cus linkage group was on the same chro

mosome as the SLA, C, J linkage group established by Hradecky et al. 

(1982). The latter linkage group is now assigned to chromosome number 7 

(Geffrotin et al., 1984) whereas Pgd is not located on chromosome 7 (Chri

stensen et a1., 1985). This implies that the "Hal linkage group" is not lo

cated on chromosome 7. Some authors have proposed that the "Hal linkage 

group" belongs to chromosome 15 together with the G blood group locus; how

ever, conclusive evidence for this assignment is not available (Fries et 

a1., 1983). 

Various studies have indicated that the likely order of the six loci 

in the "Hal linkage group" is as follows: Phi, Hal, S, H, P02, Pgd (Juneja 

et al., 1983), although some results suggest that the Phi, Hal order should 

be reversed (Guerin et al., 1982). The latter authors indicate a distance 

between Phi and Pgd of 1-1.5 cM. Other estimates for the distance between 

the two loci are 6-8 cM (Andresen, 1971) and 4-6 cM (Gahne and Juneja, 

1985b). Two reports indicate a distance exceeding 10 cM (Imlah, 1982, Van 

Zeveren et al., 1984). 

MARKER SELECTION AND MEAT QUALITY 

The five genetic loci which are markers for genes at the Hal locus and 

thereby for stress susceptibility and associated problems can be used in 

various ways. For example an observed association between a marker gene and 

inferior meat quality can be exploited directly without any consideration 

of the causative locus, i.e. the Hal locus. This approach was made in Den

mark during the period 1976-79 following the discovery of an association 

between genotypes of the H blood group system and meat colour score (see 

e.g. Jensen and Andresen, 1980). In 1979 Imlah and Thomson published re

sults on association between the H blood groups and meat quality (colour) 

and on the use of blood groups to predict halothane reactors, a topic to be 

discussed in the next section. 
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The aim of the selection in Denmark was to improve the population mean 

of the socalled KK (meat quality) index for Danish Landrace pigs from breBd~ 

ing centres. This leads to a reduction of the occurrence of PSE and thus a 

reduction of the Hal n gene frequency. This is clear from the average KK in

dices and PSE frequencies for individuals of the three Hal genotypes, NN, 

Nn and nn (Andresen et al., 1981a, Jensen and Barton-Gade, 1985). 

The KK index has a range of 0-10. An index between 0 and 6.5 corre

sponds to inferior meat quality (PSE+DFD), an index between 6.5 and 7.5 in

dicates acceptable meat quality and an index above 7.5 corresponds to good 

meat quality. Andresen et al. (1979) have summarized the expected results 

of various methods of marker assisted selection. Some of the initial obser

vations are indicated in Table 1. 

TABLE 1 Presence or absence of PSE relative to H blood groups among 
274 pigs of the Danish Landrace breed. 

PSE present 

H(a+) H(a-) 

23(37.8) 

a) assumed to be eliminated. 

PSE absent 

H(a-) 

147(132.2) 

The excess of PSE meat from pigs possessing the blood group gene Ha 

is highly significant. Thus the initial approach was to eliminate all H(a+) 

pigs. The average KK index for the total of 274 pigs was 7.11 prior to this 

selection. After eliminating the 38 + 66 H(a+) pigs the remaining 170 pigs 

had an average KK index of 7.33. The difference of 0.22 which represents 

the maximum attainable improvement, corresponds to 2-2t years of selection. 

The results also showed that a smaller improvement of 0.15 (7.26-7.11) KK 

units was expected if the selection was complete against individuals pos

sessing a combination of the Ha allele and the genotype PhiBphiB. The ob

servations within the same material of 274 individuals are indicated in 

Table 2. 

The improvement of 0.15 KK units, corresponding to 1t years of selec

tion, was less than that attainable by complete elimination of all indivi

duals possessing the Haallele. Nevertheless, this approach was more accep

table to the breeders due to the smaller risk of culling H(a+) individuals 

having a high breeding value. Notice that in this case only 52 (23+29) 

H(a+) individuals are eliminated in contrast to 104 (38+66) in the first 

situation. 

With the present knowledge it is clear that the reason for the observ-
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TABLE 2 Presence or absence of PSE relative to combinations of 
H blood groups and Phi genotypes among 274 pigs of the Danish Land
race breed. 

PSE present PSE absent 

H(a+), PhiBphi B H( a+) , PhiBphi B 

present absent present absent 

23b (11.6) 38(49.4) 29 b (40.4) 184( 172.6) 

b) assumed to be eliminated. 

ed associations was linkage disequilibrium caused by an excess of the Phi B, H8 , 

Haln haplotype in the Danish Landrace breed. This was confirmed in a sepa

rate study (Andresen et al., 1981b). 

The examples just considered indicate the expected improvement of meat 

quality (KK index) by a one-step complete elimination of marker genes asso

ciated with inferior meat quality. However, marker assisted selection us-

ually implies marker selection in conjunction with conventional selection 

procedures. The expected results under Danish conditions were considered by 

Andresen et al. (1979). The conclusion was that the information on known 

marker loci add relatively little to the rate of improvement of the popula

tion mean when normal selection is effective. This was in agreement with 

results of other studies (Neimann-S0rensen and Robertson, 1961, Smith, 

1967). 

The described selection in Denmark was stopped in 1979 because the ev-

idence indicated that the previously observed association between H blood 

types and meat quality had disappeared. The KK index had reached an ac

ceptable level. A new selection index, which included the KK index, was in

troduced in 1980/81 and since that time marker selection with or without 

halothane testing has been used in "problem herds" only. 

Although exact frequencies are not available, selection for improved 

meat quality is bound to be accompanied by selection against the Hal n gene 

within breeds possessing this gene. Other methods of selecting against 

Hal n are considered in the following. 

SELECTION AGAINST Hal n USING MARKERS 

Population data 

Within a population with random mating the frequency of a recessive 

gene, in casu Hal n, will decrease in a predictable way if complete selec

tion is against the recessive genotype, in casu HalnHal n. The rate of 
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change from one generation to the following can be increased in some cases 

by blood typing alone. The effect of selection using blood typing is pre

dictable provided the various linkage disequilibria are known. The expected 

rate of change can be increased by using a combination of halothane testing 

and blood typing. Sellier (1985) has exemplified such predictions using 

data on French Landrace pigs. Doubtless the effect could be improved fur

ther if all parents of halothane reactors were culled. 

Vogeli et al. (1984) have studied the association between marker genes 

and halothane reactivity within a line of 129 Swiss Landrace pigs. The fol

lowing results were obtained (Table 3). 

TABLE 3 Distribution of genotypes at three loci relative to halo
thane reactions among 129 pigs of the Swiss Landrace breed. (From 
Vogeli et al., 1984). 

HaH a , Ha/ PhiBphi B 55 55 

present absent present absent present absent 

Hal+ 53 52 2 51 3 

Hal- 48 27 50 25 9 66 

In this material the 55 55 is the best marker-genotype to be used in 

selection against the Hal n gene because almost all Hal+ individuals 

(51/54), but only 9 Hal- individuals would be removed, thereby leaving 

69 (66+3) individuals for further breeding. In contrast, by using Ha or 

PhiBphi B only 28 or 27, respectively, would be available for further breed

ing. Clearly, these results reflect the gene frequencies and the linkage 

disequilibria present in this particular line. 

FAMILY DATA 

Rasmusen et al. (1980), J0rgensen (1981), and Juneja et al. (1983) 

have described and exemplified the procedure involved in detecting the pa

rental origin of haplotypes containing the halothane gene. The designation 

haplotype, derived by elision of haploid genotype, refers in casu to a 

chromosome possessing a sequence of genes from the linkage group Phi, Hal, 

5, H, P02, Pgd. 

Gahne et al. (1983) applied the method of haplotyping to distinguish 

between halothane genotypes by using the three marker loci Phi, P02, and 

Pgd in conjunction with halothane testing. The material comprised 2047 off-
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spring within 257 litters of the Swedish landrace and Yorkshire breeds. 

The offspring were from Nn x Nn or Nn x nn matings. About 90% of the off

spring could be assigned Hal genotype. 

Cepica et al. (1984) applied a similar strategy, but they used another 

combination of marker loci, namely S, H, and Phi, for predicting Hal geno

types. Among 270 offspring within 42 litters of the Czech landrace breed 

the Hal genotypes of 94% of these offspring were correctly predicted. 

Comprehensive reviews of continued Swedish investigations have been 

published by Gahne and Juneja (1985a, b). In 1983-84 blood samples from 

more than 19.000 pigs were analysed for the Phi, P02, and Pgd markers. Ha

lothane testing was performed simultaneously. The predicted Hal genotypes 

were compared with the observed Hal phenotypes among approx. 4000 offspring 

of the Swedish landrace and Yorkshire breeds. The offspring were from Nn x 

Nn or Nn x nn matings. The authors concluded that 90-95% of the offspring 

had been correctly genotyped, thus the prediction was in agreement with the 

initial results published in 1983. 

CONCLUDING REMARKS 

In most countries the harmful effects of the Hal n gene are regarded to 

overshadow the beneficial effects. In addition to economical considerations 

one ought to consider the animal welfare problems. Malignant hyperthermia 

is an extremely unpleasant syndrome for humans and doubtless also for pigs. 

Whatever the main reasons are, the aim in most countries is to decrease the 

frequency of the Hal n gene. At the present time this can be achieved by ha

lothane testing, by blood typing or by a combination of both. In Switzer

land the frequency of halothane reactors decreased from 17.7% in 1978 to 

1.1% in 1983 by using the halothane test alone (Schworer et al., 1985). 

The combined use of halothane testing and blood typing appears also to 

have been effective in the large scale Swedish investigation, but a compa

rison of the achievements in the two countries is not yet available. 

Selection directly by means of a quantitative trait locus (QTl), in 

casu Hal, or by using marker assisted selection (MAS) is usually accompa

nied by conventional selection procedures as exemplified in this review. 

As meatiness continues to be a goal for selection the heterozygous advan

tage at the Hal locus will be maintained. Thus,application of the various 

methods for selection against Hal n is counteracted by regression of the 

Hal n gene frequency towards gene frequency balance. This implies that sur

veillance of population is required at appropriate intervals if the 
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breeding and production goal is not changed. Alternatively, the Hal n gene 

could be removed completely, but this would require a method for exact di

agnosis of heterozygosity. The best approach would be to reveal the primary 

function of the Hal locus. This problem should have high priority among bio-

chemists. However, animal geneticists can also contribute further to im

prove heterozygosity diagnosis, for example by detecting restriction frag

ment length polymorphism, RFLP, in the Hal region. This possibility is defi

nitely within sight and the necessary studies should be pursued with vigour. 
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A review is presented on heterosis for meat quality. The 
classical view, i.e. no significant heterosis, is to be revised to some 
extent when considering specific meat quality traits in specific crosses. 
Evidence is presented for two main deviations from additive inheritance 
of breed differences in crossing. Abnormally fast rate of fall in pH in 
the early post-mortem period, an indicator of typical PSE meat condition, 
appears to be inherited as a recessive or parti ally recessive trait in 
Pietrain crosses. The halothane locus is likely to play the major role 
in this respect. On the other hand, it may be hypothesized that the 
comparatively larger extent of fall in pH (i.e. lower ultimate pH) 
shown by Hampshire purebreds is inherited as a dominant or partially 
dominant trait in Hampshire crosses. Recent results suggest that a 
dominant major gene could be involved in this "Hampshire effect" on meat 
qual ity. 

INTRODUCTION 

Over the last 25 years, a great deal of research work has been 

done on genetic variation in pig meat qual ity, mostly in relation to 

Porcine Stress Syndrome (see e.g. McGloughlin, 1980). As far as varia

tion among populations is concerned, it has been established that marked 

differences exist between certain breeds with regard to meat qual ity 

traits. In the same period, the use of breed crosses has steadily 

increased in practical breeding programmes in most European countries. 

This article is an attempt to summarise our present state of 

knowledge on the question of how breed differences in meat qual ity 

behave in crosses. In other words, to what extent are there heterosis 

effects on meat qual ity and, if they actually exist, in what direction 

these effects operate ? 

CLASSICAL VIEWS ON HETEROSIS IN MEAT QUALITY 

Meat quality traits were considered in several comparisons 

between contemporary pigs from F1 crosses and parent breeds, allowing 

the estimation of individual heterosis effects on these traits. More 

often, the breed crosses involved were among the following ones: 

- Yorkshire x Landrace : e.g. Skarman (1965), Walstra et al. (1971) and 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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Minkema et al. (1974) ; 
- Pietrain x Landrace : e.g. Jonsson (1962), Kirsch et al. (1963), 
Schmidt (1964), MacDougall and Disney (1967) and Lean et al. (1972); 
- Pietrain x Large White: e.g. Knoertzer (1961) and Jacquet and Ollivier 
(1971) ; 
- Pietrain x Minnesota No.1: Elizondo et al. (1976, 1977) and McKay et 
al. (1982) 
- various crosses between U.S. breeds (Duroc, American Yorkshire, 
Hampshire and Chester White) : e.g. Young et al. (1976), Schneider et 
al. (1982) and review by Johnson (1981). 

From most of these studies, it was concluded that Fl crosses 
do not differ from expectation, assuming additive inheritance, and 
meat quality traits are not affected to any significant extent by 
heterosis. The same conclusion was expressed in several review papers on 

crossbreeding and heterosis in pigs: e.g. Bichard and Smith (1972), 
Sellier (1970, 1974, 1976) and McGloughlin (1980). For instance, the 
1 atter author stated that " in crossbreds meat qua 1 ity appears to be 
intermediate between the two parent breeds ( ... ), suggesting that there 
is no beneficial effect to be gained from heterosis" 

NEED FOR REANALYSING THE PROBLEM 
The lack of heterosis effects on meat quality is indeed a safe 

statement as far as available information is "averaged" over various 
crosses and various meat quality traits. However, a more useful approach 
in this area is likely to consider specific traits in specific crosses, 
and the purpose of this paper is to draw some tentative conclusions from 
literature data in this respect. 

As regards pig meat qual ity, until now three specific defects 
have been recognized, namely: 

(1) pale, soft, exudative (PSE) meat 

(2) dark, firm, dry (DFD) meat ; 

(3) meat of "Hampshire type". 
The DFD condition, associated with a high ultimate pH of meat, 

is most often of environmental origin (e.g. long-term stress in the 

pre-sl aughter period leading to low energy content in the muscle). 
Genetic proneness to DFD is probably of minor importance, as pointed out 
by Nielsen (1981), and this abnormality will not be considered further. 
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Typical PSE meat stems from the very fast muscle glycolysis 

and consequently rapid post-mortem drop in pH. This induces a denatura

tion of muscle proteins, leading to pale colour and decreased water 

holding capacity. An indicator commonly used to determine PSE condition 

is the pH at 45 minutes or less after slaughter (known as pH1), which 

is markedly lower in PSE than in not-PSE meat. It is well-documented 

that PSE condition is closely related to Porcine Stress Syndrome and 

halothane sensitivity (e.g. Eikelenboom and Minkema, 1974 and review by 

Webb, 1981). Regarding breed variation of PSE incidence, the highest 

incidence is found in the Pietrain breed in connection with the high 

frequency of halothane reactors in this breed (e.g. Hanset et al., 

1983). Pietrain crosses are therefore of particular interest for stu

dying heterosis effect on pH1 and PSE condition. 

In typical meat of "Hampshire type", the fall in muscle pH in 

the immediate post-mortem period takes pl ace at a normal rate, but the 

total extent of fall in pH is abnormally large resulting in a very low 

ult imate pH of meat (measured at 24 h after slaughter and known as 

pH2). The most likely explanation for this low pH2 lies in the high 

"glycolytic potential" of the muscle at the time of slaughter (Monin and 

Sel1ier, 1985). 

The rate as well as the extent of drop in pH appear as the two 

distinct phenomena of primary importance which are to be taken into 

account when analysing between-,breed variation and consequently hetero

sis for meat quality. Consideration will be successively given to pHI and 

pH2 in the following sections, with special emphasis on Pietrain crosses 

and Hampshire crosses respectively. 

HETEROSIS FOR RATE OF FALL IN pH 

As the halothane locus (Hal) plays a prominent role in determi

ning rate of fall in pH, crosses among breeds largely differing in gene 

frequencies at this locus are the most informative for assessing hetero

sis in this trait. Crosses between the Pietrain and breeds where the 

halothane sensitivity gene (~ = !l) is absent or at a low frequency 

will be considered. 

Pietrain crosses 

Estimates of heterosis effect on pH1 in 2-way crosses invol-
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ving the Pietrain breed are few to our knowledge, and some of them come 
from studies of rather small scale (Table 1). As a general rule, Fl 
pigs are i ntermedi ate between parental breeds for pHI. However, it is 
to be emphasized that in 3 out of 4 experiments reported in Table 1, 

FI's are much closer to the "stress-resistant" breed than to the 
"stress-susceptible" Pietrain, indicating some recessiveness of the 
Pietrain trait in crossing. These results can be interpreted in terms of 
Hal genotypes, assuming that all Pietrains used are ~ and pigs from the 

partner breed are!i!i. or predominantly NN (!! = Hal N = normal allele). 
It should be mentioned that in such Pietrain crosses, an "apparent" 
trend towards additivity can be found when the partner breed is not 
completely free from the gene.!!. (qfO). The Fl group then contains a 
proportion q of ~ pigs, which lowers the average pHI value in FI'S (for 
instance, q is of the order of 0.3 in the British Landrace according to 
Webb, 1981). 

TABLE 1 Heterosis effect on pHI in Fl Pietrain crosses. 

Means (no. of pigs) 
Reference Heterosis 

Pietrain Fl partner 
breed (a) 

MacDougall and 5.70 6.16 6.33 0.14 (2.4%) 
Disney (1967) (31) (32) ( 31) 

Lean et al. (1972) 5.68 5.95 6.00 0.11 (1. 9%) 
(b) (43) (46) (47) 

Elizondo et al. 5.7 5.9 6.3 -0.10 (-1.7%) 
(1976) (8) (8) (8) 

Elizondo et al. 5.9 6.3 6.4 0.15 (2.4%) 
(1977) (c) (4) (8) (8) 

British Landrace in the two first studies ; ( a) 

(b) 
(c) 

Minnesota No.1 (a "stress-resistant" inbred line) in the two others. 
Means of values found at 4 different liveweights. 
Means approximately estimated from a figure (crossbreds are from a 
F2xF2 cross, and theoretically only half of heterosis is expressed). 

In addition to pHI, other traits affected by PSE condition 
were investigated in several studies with Pietrain crosses. Muscle 
protein solubility is usually regarded as one of the best criteria for 
PSE evaluation. In the study by MacDougall and Disney (1967), denatura-
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t ion of sarcoplasmic and myofibri 11 ar protei ns (as measured by loss of 

solubil ity) was considerably greater in Pietrain than in Pietrain x 
Landrace and Landrace pigs. The two latter groups were very similar in 
this respect. The same pattern was found for transmission value, a trait 
closely related to muscle protein solubility, in the Pietrain x Minneso
ta No.1 cross (Elizondo et al., 1977). As regards meat colour, assessed 
visually or objectively, results are somewhat less consistent. Pietrain 
Fl crosses exhibited the same meat colour as pigs from the "stress
resistant" parent breed in some studies (Jacquet and Ollivier, 1971 ; 
Elizondo et al., 1977 ; McKay et al., 1982), whereas they were interme
diate between parent breeds in other studies (Jonsson, 1962 ; Kirsch et 
al., 1963 ; Lean et al., 1972 ; Elizondo et al., 1976). In fact, there 
is some evidence that the Pietrain breed shows pale colour independently 
of halothane locus effect. For example, halothane-positive (HP) Pietrain 
pigs were found to give significantly paler meat than HP pigs from 
French or Belgian Landrace breeds (Sell ier et al., 1984 ; Monin and 
Sellier, at this meeting). This "Pietrain effect" on meat colour, which 
acts in addition to that of Hal genotype, is likely to be additively 

inherited and could explain the intermediate position of some Pietrain 
crosses in meat colour. 

Within-population comparisons between halothane genotypes 

As stated above. the halothane locus is a major locus with 
respect to r ate of fall in pH and other i nd i cators of PSE meat condi
tion. In the 5 last years, a number of studies dealing with within-popu
lation comparison between halothane genotypes (nn, .!lti and .t:lli.) for meat 
quality have been published. These data are of special interest in the 
present context, since they make it possible to accurately assess the 
heterosis effect at the Hal locus level, without the above mentioned 

"disturbing" influence of breed effects. 
Results available are reported in Table 2. Accuracy of the 

different studies is variable, depending on the number of animals 
involved and the design of the comparisons (either direct or indirect). 

This could explain why results of Table 2 do not follow a consistent 

pattern. As far as pHI is concerned, heterozygotes (Nn) are signifi
cantly intermediate between the two homozygotes according to Schneider 
et al. (1980) and Christian and Rothschild (1981), and intermedia-
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TABLE 2 Within-population comparisons between halothane genotypes in meat quality traits. 

Reference Population No. of Method Traits Main results, with special emphasis 
(1) animals (2) (3) studied ( 4) on pH1 (when available) 

Eikelenbcxxn DuL 338,728,325 I M:lS NN and N!! very close to each other, 
et al. (1980) and both markedly better than ~. 

Jensen and DaL 376,169,19 I I't/I Nn (6.7) intermediate between nn (6.4) 
Andresen (1980) and NN <7.5). -

Schneider et SL 21,48,54 I(?) pH1,REF, Nn significantly intermediate for the 
al. (1980) MQS 3:traits :e.g. for pH1 5.95 (~), 

5.79 (N!!) and 5.69 (!!!!). 

Christian and cross 28,32,23 II pH" REF , Nn significantly intermediate for the 
Rothschild TV 3:traits : e.g. for pH1 6.42 (~), 6.15 
( 1981) (Nn) and 5.73 (nn) ; Nn close to NN for 

TV-: -- -

Webb (1981) cross 126 (!ili+t!r!) II REF ,%PSE no significant difference between !ill and 
(trial 2) N!!. 

Carden (1982) PTH 216,108,0 III pHI' REF no difference in pH1 between !ill and !ill, 
(5) but Nn showing significantly paler meat 

than ~. 

Jensen and DaL 61,167,111 IV pH~igOr, !!!2 generally intermediate between.!ili. and 
Barton-Gade CS, C,MOI, ~. However, no significant difference 
( 1985) %PSE,pH2 between !ill and t!!l in CS and MOl, and !ill 

closer to !ill than to !!!l in pH 1 and %PSE. 

Lundstrom et cross 23,68,23 II REF,FOP, !ill Significantly intermediate between 
al. (1985) drip loss, !ill and !l!l (except for pIl2, unaffected 

DLF, pH2 by Hal genotype). 

(1) 

(2) 

(3) 

DuL=Dutch Landrace ; DaL=Danish Landrace ; SL=Swiss Landrace ; PTH=Pietrain/Hampshire 
composite lines. 

(4) 

(5) 

No. of !ili, !ill and !!!! individuals, respectively (approximate numbers calculated for the 
study by Eikelenboom et al., 1980). 
I=indirect estimation derived from comparisons between groups differing in expected 
genotypic frequencies: see Andresen and Jensen (1978) and Eikelenboom et al. (1980). 

II=within-litter comparison, with the aid of blood-typing. 
III=within-sire comparison. 
IV=pooling ~ vs lin and!U vs !l!l comparisons (crosses between homozygous lines). 
MQS=meat quality score ; MQI=meat quality index (Danish "KK index") ; REF=renectance 
TV=transmission value ; CS=colour/structure score ; WHC=water holding capacity 
FOP=fibre optic probe value; DLF=dielectric loss factor (Testron). 
as quoted by Webb et al. (1985) ; pH 1 was measured at 90 mi nutes post-mortem. 
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te but closer to NN than to ~ in the study by Jensen and Barton-Gade 
(1985). No difference was found between ~ and Nn by Carden (1982). From 
examining all of these results in detail, it may be reasonably concluded 

that some positive (i.e. favourable) heterosis is found at the Hal locus 
for traits which are indicators of PSE condition. Comparing ~ to NN 
animals is of primary interest regarding breed crossing strategy. 
That ~ individuals are not prone to PSE is indeed among the arguments 

presented by several authors who have recommended use of ~ sire lines 
and ~ dam lines in the terminal cross. In our present state of knowled
ge, this argument may be considered as acceptable, in spite of "contrary" 
results presented by Lundstrom et al. (1985) and to a lesser extent by 
Christian and Rothschild (1981). It may be argued that a threshold in 
pHI is 1 ikely to exist for the occurrence of typical PSE condition. 

Even though!!!!. individuals actually show lower average pHI than .!!!i, 
one may hypothesize that only a small proportion of them fall below the 

pHI threshold and exhibit fast development of the PSE meat condition. 
This view is partly supported by data presented by Jensen and Barton
Gade (1985). 

HETEROSIS FOR EXTENT OF FALL IN pH 
General heterosis effect on ultimate pH (pH2) will be first 

considered before paying attention to the specific case represented by 
crosses involving the Hampshire breed. 

General heterosis 
As a general rule, it has been found that pH2 is not affected 

to any significant extent by heterosis (e.g. Mac Dougall and Disney, 
1967 ; Jacquet and Ollivier, 1971 ; Elizondo et al., 1977). In the study 
by Jacquet and Ollivier (1971), Pietrain x Large White pigs were also 
intermediate between parent breeds for technological yield of Paris 
ham processing, a trait more closely related to ultimate pH of meat 

(correlation is around 0.7) than to rate of fall in pH (e.g. Jacquet et 
al., 1984). As far as the halothane locus is concerned, neither effect 

of halothane genotype nor heterosis effect were found on pH2 by Jensen 

and Barton-Gade (1985) and Lundstrom et al. (1985). 

Hampshire crosses 
Comparatively low pH2 in purebred Hampshires has been reported 
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by several authors (see Monin and Sellier (1985) and earlier studies 
cited in that article). The difference in pH2 between pigs sired by 
Hampshire x Pietrain boars and pigs sired by Pietrain boars was found by 
Sellier (1975) to be approximately half of that found by Sellier and 
Jacquet (1973) and Sellier (1981) between pigs sired by Hampshire boars 
and pigs sired by Pietrain boars (e.g. 0.10~0.03 vs 0.19~0.03 and 
0.24~0.03 for M. adductor femoris). On the basis of these results it was 
suggested by Se 1 1i er (1982) that the low pH2 shown by the Hampsh ire 
breed is transmitted in an additive manner in crossing. In fact, this 
hypothesis needs to be revised to some extent as indicated by several 
other results given below. 

Pale colour of meat is associated with low pH2 in the Hampshire 
breed, and Hampshire crosses follow a specific pattern for colour score, 
as pointed out by Johnson (1981) in a review of Iowa and Oklahoma 
crossbreeding experiments. Summarized results given by Johnson (1981) 
are shown in Table 3. For Hampshire crosses, 4 out of 5 estimates of 
heterosis effect on colour score are significantly negative (i.e. 
unfavourable) whereas none of the 4 other heterosis estimates relative 
to crosses between Duroc, Yorkshire and Chester White was significant 
(though often negative also). From detailed data given on these crosses 
by Young et al. (1976) and Schneider et al. (1982), it appears that 50% 
Hamsphire crossbreds are, on average, similar to Hampshire purebreds as 

regards meat colour, suggesting some dominance of the "Hampshire effect" 
on meat quality. 

Concerning ultimate pH, the above dominance hypothesis appears 
to be supported by combining the results from a series of experiments 
carried out in France on purebred and crossbred pigs (Table 4). The 
difference in pH2 between 50% Hampshire and 50% Pietrain crosses is of 
the same magnitude as that found between Hampshire and Pietrain purebreds. 
Considering the unweighted mean of pH2 values reported in Table 4 for 

ham muscles, the pH2 of Hampshire pigs, as compared to Pietrain pigs, 

is lower by 0.21, whereas the pH2 of 50% Hampshire pigs, as compared 
to 50% Pietrain pigs, is lower by 0.20. In contrast, the difference in 

pH2 between Large White and Pietrain crosses is about half of the 

difference between Large White and Pietrain purebreds (respectively 0.04 

and 0.10 for the unweighted mean of pH2 values in hams muscles). Such 
an additive inheritance is in accordance with the lack of heterosis effect 



TABLE 3 Specific heterosis estimates for meat colour score 
(from Johnson, 1981). 

Individual heterosis (%) 
Breed cross (a) 

Oklahoma experiment (b) Iowa experiment (c) 

D x Y -0.4 -2.9 
C x D -4.0 
C x Y 1.3 
H x D 0.6 -4.7* 
H x Y -11.0* -6.5* 
H x C -10.2* 

(a) C = Chester White, D = Duroc, H = Hampshire, Y = Yorkshire. 
(b) Young et al. (1976). 
(c) Schneider (1978) ; see also Schneider et al. (1982). 
* P <0.05 
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on pH2 in the crosses other than those involving the Hampshire breed. 

The fact that the unfavourable effect of Hampshire on pH2 and 

colour of meat could be inherited as a more or less completely dominant 

trait in crossing could afford an explanation for a result repeatedly 

found in the French "commercial product evaluation" programme. This 

result is the surprisingly large disadvantage in meat quality shown by 

pigs from crossbreeding schemes using the Hampshire breed as a component 

of the sire line (Runavot and Sellier, 1984). 

A dominant major gene responsible for inferior technological quality of 

meat ? 
Results from a recent research work carried out in a French 

breeding company (S.C.A. Pen Ar Lan) merit attention in connection 

with the above considerations on meat quality in Hampshire crosses. 

These results, to be presented at the "18emes Journees de la Recherche 

Porcine en France" (Naveau, 1986), may be summarized as follows. A 

measurement of meat qual ity, the so-called "Napole" technological yield, 

has been studied on a large sample of animals from two composite sire 

lines (Penshire =P66 and Pen Ar Lan=P77). The "Napole" technique 

consists of curing (for 24 h) and cooking (for 10 minutes) a 100g sample 

of M. semimembranosus. The sample of fresh muscle is taken on the 

sl aughterl ine, kept at 4·C for 24 h and then cured and cooked. The 
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"Napole" yield is defined as the ratio of cooked weight over fresh 

weight. Bimodal distribution of the trait in both lines and the positive 

relationship between sire progeny means and within-sire progeny varian

ces have led Naveau (1986) to postulate that a dominant unfavourable 

gene is segregating in both 1 ines, whose effect is to cause the "Napole" 

yield to be lower than normal (i.e. less than 91%). A point of special 

interest is that both lines are partially of Hampshire breeding. Penshi

re contains Hampshire (around 50%), Large White and Duroc genes, 

whereas Pen Ar Lan is a composite line established 10 years ago with 

equal proportions of Hampshire, Pietrain and Large White genes. As 

suggested by Naveau (1986), an attractive hypothesis is that the postu

lated major gene, called RN- (RN = "Rendement Napole"), was brought by 

Hampshire founders into the two 1 ines, and that the gene RN- would be 

responsible, at least partially, for the "Hampshire effect" on meat 

quality described by Monin and Sellier (1985). It can be added that the 

correlation between "Napole" yield and ultimate pH is of the order of 

0.6-0.7, whereas that between "Napole" yield and technological yield of 

Paris ham processing is about 0.75 (Naveau et al., 1986). 

CONCLUSION 

This review of literature data on heterosis for specific meat 

quality traits suggests that there is a need to revise to some extent 

the classical view in this field, i.e. the lack of heterosis effect on 

meat quality. Two main deviations from additive inheritance of breed 

differences in crossing appear to exist. 

As regards the abnormally fast rate of fall in pH (associated 

with typical PSE meat condition), it appears that this trait is inheri

ted as a recessive or partially recessive trait in Pietrain crosses. The 

halothane locus probably plays the major role in this respect. On the 

other hand, there are several pieces of evidence for hypothesizing that 

the comparatively large extent of fall in pH (i.e. low ultimate pH) 

characteri zi ng the Hampsh ire breed is inher ited as a domi nant or par

tially dominant trait in Hampshire crosses. Recent results suggest that 

a dominant major gene could be involved in the "Hampshire effect" on 

meat quality. 

Further research is however needed on these two points in order 

to confirm the above tentative statements. 
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A MOLECULAR GENETIC APPROACH TO THE PORCINE STRESS SYNDROME 

A.L. Archibald 
AFRC Animal Breeding Research Organisation, West Mains Road, 

Edinburgh EH9 3JQ, United Kingdom 

ABSTRACT 
Halothane-induced malignant hyperthermia is inherited as a single 

autosomal recessive gene (Hal n) in pigs. The Hal locus lies within the 
S - Phi - Hal - H - P02 - ~inkage group. However, the nature of the 
Hal leSion remains unknown--. -- The techniques of genetic engineering now 
make it possible to study this genetic disorder in greater detail. In 
this paper proposals are presented for a molecular genetic approach to 
the development of an improved method for determining the Hal genotypes 
of pigs as well as for identifying the Hal gene itself. ---

INTRODUCTION 
The stress syndromes (porcine stress syndrome PSS, malignant 

hyperthermia syndrome MHS and the pale soft exudative meat syndrome PSE) 
have been the subject of considerable study over the past twenty years. 
These syndromes are determined by segregation at one or several closely 
linked loci including a locus where segregation affects sensitivity to 
the anaesthetic halothane. This research has been comprehensively 
reviewed by Harrison (1979), Mitchell and Heffron (1982) and Webb et al. 
(1982). Although it is almost twenty years since the halothane-induced 
malignant hyperthermia syndrome was first recognised in pigs, (Hall 
et al., 1966; Harrison et al., 1968) the nature of the primary lesion 
remains unknown. Many different aspects of the physiology and 
biochemistry of stress susceptible and resistant pigs have been compared 
without any definitivp conclusion being drawn as to the identity of the 
defect. There is perhaps some agreement that a membrane defect is the 
underlying cause and that the membrane may have a calcium-related 
function. 

It has been clear for many years that susceptibility to the various 
porcine stress syndromes is genetically controlled. The inheritance of 
halothane-induced stress has been shown to be controlled by a recessive 
gene at a single autosomal locus (Hal) (Ollivier, Sellier and Monin, 
1975; Minkema, Eikelenboom and van Eldik, 1977; Smith and Bampton, 1977 
and Mabry, Christian and Kuhlers, 1981). The incomplete penetrance 
observed by Ollivier et al. (1975) and Smith and Bampton (1977) has led 
P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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some groups to test alternative hypotheses for the inheritance of porcine 
stress (Carden, Hill and Webb, 1983 and Grashorn and Muller, 1985). 
Both of these groups have tested two locus models with a susceptibility 
locus and a suppressor locus. Carden et al. (1983) concluded that a 
strictly recessive single locus mode of inheritance may not be adequate 
to explain their observations in the British Landrace. In both studies 
the putative suppressor locus did provide a genetic basis for the 
variation in penetrance, but alternatives to the single locus model 
have not been adequately tested in most populations. 

Although the genetic control of porcine stress may still not be 
fully resolved there is a strong body of evidence which places the Hal 
locus within a group of linked genes most of whose products can be assayed 
in blood. The linkage relationships of the halothane sensitivity locus 
have recently been reviewed by Archibald and Imlah (1985). 

Halothane sensitivity is only one manifestation of the general 
condition of porcine stress syndrome (PSS). When compared to normal 
(Hal N/N) contemporaries, reactor animals (Hal n/n) show advantages in 
lean content accompanied by adverse effects on stress susceptibility 
(sudden deaths), meat quality (PSE) and litter productivity, From 
worldwide comparisons of reactors and non-reactors the advantages in lean 
content were outweighed by the disadvantages to give an average net loss 
of £3.90 per reactor slaughtered at 90kg (Webb et al., 1982). There is 
evidence that the Hal n allele may have additive effects on lean content 
but behave as a recessive for the other deleterious performance traits 
thereby giving the heterozygote a selective advantage. This advantage 
may amount to about £1.70 for the heterozygote over the normal homozygote 
(Webb et a1., 1982). 

The porcine stress syndrome therefore is comparable to some of the 
hereditary disorders which afflict Man in as much as the underlying lesion 
is unknown but the genetics of the disorder indicate a simple mode of 
inheritance probably controlled by a single locus. The application of 
molecular genetics to the study of some of the genetic diseases of Man has 
already yielded significant advances, particularly in the realms of 
prenatal diagnosis and genetic counselling (Guse11a et al., 1983; 
Monaco et a1., 1985; Murray et al., 1982 and Reeders et al., 1985). 
The halothane sensitivity locus also represents one of the few examples 
in domestic animals of a single locus with significant effects on 



economically important traits. This combination of circumstances makes 
it desirable, as well as possible, to use the techniques of molecular 
biology and genetic engineering to further our understanding of the 
porcine stress syndrome. 

THE USE OF GENETIC MARKERS 
As the halothane sensitivity gene (Hal n) is largely recessive the 

standard halothane test only detects a small proportion of the 
heterozygotes (Southwood et a1., 1985). The alternative diagnostic 
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tests are no better and are indeed generally less effective for genotyping 
(Webb et al. 1985). Progeny testing which offers the only reliable way 
of genotyping animals is both expensive and time consuming. Therefore 
there is a need for a cheap and accurate test which would facilitate the 
unambiguous identification of all three genotypes - NIN, Nln and n/n. 

One possible approach is to identify genetic markers tightly linked 
to the Hal locus. Linkage has already been established between the Hal 
locus and the following loci - Phi phosphohexose isomerase, ~ 
erythrocyte anti gen, ~. 6-phosphog1 uconate dehydrogenase, P02 
posta1bumin-2, ~ suppressor locus for the A-O blood groups and possibly 
.§. erythrocyte antigen (for a review see Archibald and Im1ah, 1985). The 
structure of the linkage group is summarised in Figure 1. These loci 
meet the requirements of genetic markers as they are polymorphic and 
linked to the locus of interest. Indeed, Gahne and Juneja (1985) have 
shown that a combination of the halothane test and haplotyping for Phi, 
P02 and Pgd allows Hal genotypes to be predicted with an accuracy of 
90-95% in Swedish Landrace and Yorkshire pigs. This approach is being 
used in marker assisted selection in Sweden to effect a breeding policy 
of significantly reducing the frequency of the Hal n allele. Given the 
economic advantages of the heterozygote this is not the only legitimate 
breeding policy with respect to the Hal locus. However, the gene 
frequencies at these marker loci are not ideal for marker assisted 
selection in all pig populations. Furthermore, there are technical 
difficulties associated with the accurate determination of genotypes at 
the Sand H loci in addition to the problems of incomplete penetrance of 
the Hal locus as discussed by Archibald and Im1ah (1985). 
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Restriction fragment length polymorphisms 
The big breakthrough in the use of genetic markers in medical science 

was the recognition of a new class of marker - restriction fragment length 
polymorphisms (RFLPs). The nature and use of RFLPs has been thoroughly 
reviewed by Botstein et al. (1980). Briefly, restriction endonucleases 
cleave DNA reproducibly at specific sites to yield a characteristic series 
of (restriction) fragments. The fragments can be separated according to 
their size by agarose gel electrophoresis. The fragments are then 
transferred to an inert support such as a nitrocellulose or nylon filter 
(Southern, 1975). The filters are probed with radioactively labelled DNA 
sequences which will hybridise specifically to any fragments which contain 
sequences complimentary to the probe sequence. The unhybridised probe is 
washed away and the filter is placed with X-ray film in'order to visualise 
the fragments which have hybridised to the probe. Base changes can 
alter the sequences that are recognised by the restriction enzymes, 
abolishing or creating sites and consequently changing the sizes of the 
corresponding restriction fragments. Deletion, insertion or transposition 
of larger elements will make simultaneous changes in the restriction 
fragment pattern for several enzymes. An example of this type of 
polymorphism is given in Figure 2. RFLPs are expected to behave as 
simple Mendellian characters with a codominant mode of inheritance. 
Almost 1000 RFLP loci have been identified in Man (de la Chapelle, 1985). 
Furthermore, linkage has been established between RFLP marker loci and 
the loci responsible for Duchenne muscular dystrophy (Murray et al., 
1982), Huntington's disease (Gusella et al., 1983), and adult polycystic 
kidney disease (Reeders et al., 1985). The use of RFLPs in animal 
improvement has been extensively discussed by Soller and Beckman (1982, 
1983) and Beckman and Soller (1983). 

Cloning the phosphoglucose isomerase gene Gpi 
The initial requirement in the study of RFLPs is for a probe - a 

cloned DNA sequence which will hybridise to the chromosomal region of 
interest. Any of the genes already known to be linked to the Hal locus 
would fulfill this requirement. The most tightly linked of the known 
markers is fortuitously also the gene for which a well tried cloning 
strategy already exists - phosphohexose isomerase (Phi) or more correctly 
glucosephosphate isomerase (Gpi). The enzyme glucose phosphate 
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A. 

p 

1 

A-----

2 B 

3 

B. 
1 2 3 

Origin .. • fragment A 

.. .. t fragment B 

+ 
Fig. 2 Illustration of Restriction Fragment Length Polymorphism. 
A. Chromosomal DNA from individuals (1, 2 & 3) are digested with 
restriction endonuclease R. One pair of homologous chromosomes is 
shown for each individual. The polymorphic restriction endonuclease 
recognition site is marked with an asterisk (*). This digestion 
produces two different sized fragments (A & B) which can be detected 
with a probe (P) for the area boxed in the figure. 
B. The digested fragments are separated by agarose gel electrophoresis 
and detected after transfer to am inert filter with labelled probe (P). 
These individuals correspond to the two homozygotes and the 
heterozygote for this RFLP locus. 



isomerase (EC 5.3.1.9) has been isolated from pig muscle and purified to 
homogeneity (Gee et al. 1979). There is also a limited amount of amino 
acid sequence data available for this enzyme (Achari et al., 1981). 
This amino acid sequence data can be used to design an oligonucleotide 
which would hybridise to the corresponding DNA sequence (Lathe, 1985). 
Messenger RNA isolated from pig muscle (GPI is known to represent 1% of 
the extractable protein in rabbit muscle (Noltmann, 1964)) would be 
copied in vitro by reverse transcriptase to yield copy DNA (cDNA) which 
would be used to generate a cDNA library (Okayama and Berg, 1982). The 
cDNA library would be screened with the synthetic oligonucleotide probe 
in order to identify those clones containing the Gpi gene. This 
approach has been used to clone a number of genes including those for 
porcine aspartate aminotransferase and porcine gastrin (Joh et al., 
1985 and Noyes et al., 1979). 

The cloned Gpi gene would be used as a probe to look for RFLPs 
linked to the Gpi locus and hence to the ~ locus. The linkage 
relationships between any such RFLP loci and Hal would need to be checked 
carefully as the objective is to find markers for the Hal locus rather 
than for Gpi. 

Chromosomal localisation, 'walking' and chromosome-specific gene banks 
By in situ hybridisation of labelled Gpi sequences to metaphase 

chromosomes it should be possible to make a chromosomal assignment for 
the Gpi locus and hence for the Hal locus also (Harper and Saunders, 
1981). There is preliminary evidence from linkage studies with 
chromosomes marked by translocations and centromere size polymorphisms 
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that the Hal linkage group is located on chromosome 15. (Tikhonov et al., 
1984, Fries et al., 1983, 1984). 

The next logical step would be to study this chromosome in greater 
detail and to use the knowledge of the chromosomal localisation to 
narrow the search for genetic'markers for Hal in the same way as those 
studying X-linked disorders of humans have done. As porcine chromosomes 
are diverse in size (Hsu and Benirschke, 1967) it should be possible 
to fractionate the chromosomes in a Fluorescence Activated Cell Sorter 
(Griffits et al., 1984). DNA isolated from such flow-sorted chromosomes 
could be used to establish a chromosome-specific gene bank of the 
appropriate chromosome. This gene bank would be used as a source of 



350 

probes to look for RFLPs tightly linked to the Hal locus. 
It should also be possible to use the gene bank to explore the 

chromosomal region adjacent to the Gpi locus by the technique of 
'chromosome walking' (Hadfield, 1983 and Steinmetz et al., 1982). 
Briefly, a cloned sequence is used to identify a series of genomic clones 
which carry at least part of the original clone. Fragments within these 
clones which are at the greatest distance from the original sequence 
are then used in turn to identify a second series of genomic clones, 
which contain the second sequence, and are therefore linked to the 
original sequence. By a repeated series of steps of this nature it 
is possible to 'walk' along the chromosome from the initial cloned gene 
(see Figure 3). The walk would be initiated from the Gpi gene and 
the chromosome specific gene bank would be used as the source of genomic 
clones. At each stage the isolated clones could be tested a$ probes 
for RFLPs linked to Hal. The distance between Gpi and Hal is between 1 
and 5 centimorgans (or 1000 to 5000 kilobases (kb)) (Archibald and 
Imlah, 1985). The walk from Gpi to Hal therefore is a major undertaking, 
as present walking techniques operate in steps of 50kb. Collins and 
Weissman (1984) and Lehrach and his colleagues at the European Molecular 
Biology Laboratory, Heidelberg have been developing techniques for 
increasing the size of each step to 100kb, 200kb or greater. Steps 
of this size would bridge the gap between the molecular analyses of 
linkage and the more established methods using somatic cell genetics 
and segregation studies. 

Other markers 
In addition to this logical, but probably time consuming, method 

of identifying genetic markers for porcine stress, it may also be 
possible to identify additional markers using the increasingly 
sophisticated ways of looking for protein polymorphisms. The 
comparison of one and two dimensional gel electrophoresis patterns of 
proteins from halothane negative and positive pigs may reveal differences, 
which could be used diagnostically. Initially, one would examine 
integral membrane proteins from muscle, as the halothane lesion appears 
to be expressed in muscle and is generally assumed to a membrane defect. 
No differences were observed between the skeletal muscle proteins of 
stress susceptible and normal pigs by Lorkin and Lehmann (1983) or 
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Marjanen and Denborough (1984). A recent study of malignant 
hyperthermic muscle in Man, however, revealed two low molecular weight 
proteins present in malignant hyperthermia patients, but absent in the 
control individuals (Blanck et al., 1984). The protein extraction 
procedures used by this latter group differed from those employed to 
examine the pig muscle proteins. Given the similarity between PSS 
and malignant hyperthermia, it would be worthwhile to attempt to 
reproduce the study of Blanck and his coworkers on pigs. Although any 
protein polymorphisms detected in this way could be used as genetic 
markers in their own right, it is now possible to isolate the corresponding 
genes. First antisera would be raised against the cognate protein by 
excising the band from a polyacrylamide gel and directly immunising rabbits 
- the polyacrylamide in fact acts as a. potent adjuvent. The antisera 
could then be used to screen cDNA libraries established in expression 
vectors such as that described by Stanley and Luzio (1984). Expression 
vectors are designed so that the cloned gene sequences are transcribed 
and translated to produce the corresponding protein. The range of 
experiments discussed above for Gpi would then be possible for any clones 
isolated in this way. 

Another source of markers, if not the Hal gene itself, would be the 
cDNA library created to identify the Gpi gene. Muscle from a halothane 
resistant pig (Hal N/N) would be chosen as the source of mRNA from 
which the cDNA would be made. Labelled total muscle mRNA from HAL N/N 
and Hal n/n individuals could be used to screen the cDNA library. 
Clones, which exhibited different hybridisation characteristics, either 
presence/absence or quantitative variation, when screened with these 
two types of mRNA would be isolated and examined further. Initially, 
one would look for linkage between the Hal locus and any genes isolated 
in this way. 

LONGER TERM DEVELOPMENTS 
Molecular genetics offers, not only the very probable development 

of a better method for genotyping the Hal locus, but also the possibility 
of isolating the halothane sensitivity gene itself and thereby identifying 
and understanding the lesion. 

The chromosome specific gene bank could be used to as a source of 
probes to examine differences in expression between Hal+ and Hal- animals. 
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The chromosome specific sequences could be used to screen a muscle cDNA 
library and thereby identify the genes from this chromosome, which are 
expressed in muscle. These cloned genes could in turn be used to monitor 
differences in expression between the stress phenotypes. RNA isolated 
from stress susceptible and normal pigs would be separated by 
denaturing agarose gel electrophoresis, transferred to an inert filter 
and probed with the chromosome-specific sequences shown to be expressed 
in muscle. Alternatively, the chromosome-specific gene bank could be 
screened with labelled total mRNA from the muscles of Hal N/N and 
Hal n/n individuals. In this way, it might be possible to identify genes, 
whose expression correlates with the halothane sensitivity phenotypes, 
and so identify the Hal gene. Information gleaned from the chromosomal 
'walk' described above would be useful in confirming any such putative 
halothane sensitivity gene. 

The identification and cloning of the halothane gene itself would 
open up a number of exciting possibilities. For example, the halothane 
resistant allele could be introduced by microinjection into a fertilised 
porcine oocyte known to be homozygous for the halothane sensitive allele 
(Hammer et a1., 1985). It is now possible to generate 'transgenic' 
animals in which the introduced gene is present as a single copy. 
The 'transgenic' pigs created in this way would be homozygous for Hal n 
at the original locus and heterozygous for Hal N at another chromosomal 
location. By a conventional breeding programme the new locus would be 
made homozygous for Hal N. The products of this breeding programme 
would be pigs, homozygous for both Hal alleles, and which could be 
described as stably heterozygous for Hal. It would be hoped that 
such pigs would have the same phenotype and performance as conventional 
Hal heterozygotes. The introduction of a cloned putative Hal N gene 
into the genome of a Hal n/n pig/oocyte would also provide the 
ultimate proof that the gene was indeed Hal N, if the transgenic animal 
was halothane resistant and also capable of transmitting this character 
to its offspring. 

A cloned Hal gene could also be used to identify the homologous 
gene(s) in other species. The gene might be worth introducing into 
other livestock species as a means of improving lean content. If the 
Hal n gene, however, represents an absence of function, it is difficult 
to imagine that it would be of any value when transferred to another 



354 

species. However, it is possible that, by making a molecular genetic 
analysis of the Hal chromosomal region, the good and bad effects 
associated with Hal n could be assigned to different genetic elements, 
which could then be separated. The gene may also be valuable in the 
study of the malignant hyperthermia syndrome in Man. 

The cloned gene could be used to identify the corresponding gene 
product. The gene could be used to drive in vitro transcription and 
translation systems to produce the gene product (Stueber et al., 1984). 
Alternatively the cDNA version of the gene could be introduced into a 
bacterial expression vector to yield a bacterial-hal fusion protein which 
could be used to raise antisera against the hal protein (Stanley and 
Luzio, 1984). Antisera against the hal protein could then be used to 
purify the hal protein itself. Knowledge of the nature of the Hal 
gene product would be invaluable in understanding the physiological 
trigger for the porcine stress syndrome. 

CONCLUSION 
The application of molecular biology skills to the study of the 

porcine stress syndrome will very probably provide an alternative 
means of determining Hal genotypes within the next three years. In 
the longer term it may be possible to identify the underlying genetic 
lesion and thereby understand the phenomenom which we currently call 
porcine stress syndrome. It seems very likely that molecular 
genetics will make as big an impact on pig breeding as the halothane 
test has already done. 
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The national programme on factors affecting pigmeat quality in Britain 
is discussed. The programme was set up in 1983 in response to increasing 
industry concern about the possible deterioration in pigmeat quality 
associated with the trend towards leaner carcasses. It extends over five 
years and includes surveys to establish the incidence of problem conditions, 
ad hoc trials to examine the effects of specific factors on quality and a 
major trial at MLC's Pig Development Unit, Stotfold to compare breed types, 
sexes, feeding regimens and slaughter weights. This trial is effectively 
the British pig industry in microcosm and allows the interaction of many 
different factors to be examined. Results available to date are reported. 
These indicate that industry concern about poorer cutting and presentational 
characteristics of very lean meat is well founded but that there is little 
consumer dissatisfaction with its eating quality. Butchers and consumers 
have very different opinions about the eating quality of lean meat and the 
most desirable lean to fat ratio. 

INTRODUCTION 

Like the pig industries in most EEC countries, the British pig 

industry has responded successfully to the consumers increasing demand for 

leaner meat. As a result both of substantial genetic improvements and 

altered management practices, the national mean P, fat thickness (taken 

over M. longissimus dorsiat the last rib) has been reduced from 19mm in 1972 

to a current (1984) value of 13.5mm. This is estimated to represeht a 

reduction of 30g/kg in carcass lipid content (Kempster, Cook and Grantley

Smith, 1986a). The reduction in the mean fat thickness has produced a 

substantial increase in the number of very lean pigs: the proportion of the 

national kill with P, values less than 8mm increased from 3 per cent to 

7 per cent over the period. The mean carcass weight of these pigs is also 

light: 53kg in 1984 compared with a national mean of 64kg (Kempster et ai, 

1986a). It is very light in comparison with carcass weights in other EEC 

countries. 

Associated with the trend towards leaner meat has been increasing 

comment by the meat industry, especially retail butchers about the 

incidence of meat quality problems. They complain that the meat from very 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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lean carcasses does not 'set' (is floppy), that the fat is soft and that 

the tissues separate making cutting or slicing difficult. They also say 

that the meat looks unattractive to the consumer and is likely to lack 

succulence and flavour. Entire males are the subject of much of this 

criticism influenced by the fact that they tend to be slaughtered at 

lighter weights and typically have 0.5 to 1.0mm lower P, fat thickness than 

the normal mix of castrates and gilts at these weights (Meat and Livestock 

Commission, 1985). Since 1975, entire males have increased from virtually 

nothing to 25 per cent of the national slaughter population. 

The criticisms are not always restricted to light weight carcasses. 

The number of complaints about soft fat appears to have increased even with 

the carcasses of moderate to high levels of fatness. However, we believe 

that this reflects to some extent the increasing awareness of quality 

deficiencies and variation in meat quality generally because of improved 

quality control procedures, in particular the setting up of the' Charter 

Quality Bacon Scheme (Kempster, 1984). 

Pale, soft, exudative (PSE) muscle also continues to be of concern 

because of its major influence on commercial value through reduced water

holding capacity. However, in the case of this condition, substantial 

information is available on the level of incidence and causal factors 

(Chadwick and Kempster, 1983; Kempster, Evans and Chadwick, 1984). A 

measurement of water-holding capacity has been introduced recently to the 

MLC Supernucleus Breeding Scheme. 

The scientific information on the meat quality problems associ.ated with 

very lean carcasses was reviewed by the Meat and Livestock Commission (1983). 

Although limited, there is evidence which indicates that the fat quality 

of lean pigs is poorer than that of fatter pigs. The fatty tissue in lean 

carcasses is less developed than that in fat carcasses. Thus, it contains 

higher concentrations of water and connective tissue and less lipid. The 

lipid is also more unsaturated and all these factors cause the tissue to 

feel softer. (Factors affecting fat quality were reviewed by Wood (1984». 

Information on the eating quality of lean pigs was found to be 

especially limited. Early studies in pigs covering a wide range of values 

for backfat thickness have shown little or no effect of fatness on eating 

quality (Rhodes, 1972). However, the lower limit to fatness did not 

include very lean carcasses. A more recent, small-scale study (Wood, 

Mottram and Brown, 1981) examined eating quality in gilts weighing 48 to 

61kg carcass weight and with two distinct fatness categories: 12mm P2 and 
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very lean carcasses with 6mm P2 • There was no difference in the tenderness 

and flavour of roasted loins, as judged by a trained taste panel, but the 

very lean group had slightly less juicy meat (P<0.05). 

Information on the cutting and eating quality characteristics of meat 

from entire males was also found to be limited, the main focus of attention 

of research continuing to be the problem of boar taint. Recent 

developments and the current state of knowledge on ths use of entire males 

were reviewed by a European Association for Animal Production Working 

Group in 1984 (Lundstrom, Malmfors, Vahlun, Kempster, Andresen and Hagels~, 

1985) • 

DESIGN OF A NATIONAL PROGRAMME 

In response to the industry concern and against this background of 

limited scientific information, a comprehensive five-year programme has 

been set up in 1983 to obtain the facts necessary to provide guidance to 

industry. This involves: 

(1) surveys in abattoirs to establish the incidence of the problems, 

(2) ad hoc trials to examine the effects of different factors on 

pigmeat quality and to evaluate methods of pigmeat quality 

measurement, 

(3) a detailed comparison of pigs of different types at MLC's Pig 

Development Unit at Stotfold, 

This is a co-ordinated programme involving the Meat and Livestock 

Commission, AFRC Food Research Institute-Bristol and several other 

organisations. 

SURVEYS 

pH surveys have been carried out over the years to examine the 

incidence of PSE and DFD (the latest published by Chadwick and Kempster, 

1983). The series is being continued to provide more up to date 

information and the pH measurements are being complemented by light 

reflectance measurements taken by the Fibre Optic Probe developed by 

D. MacDougal at FRI-Bristol. Results to date suggest there has been some 

increase in PSE incidence over the last 10 years but the levels are not 

sufficiently high to give serious cause for concern. DFD levels are 

insignificant. 

In response to concern about soft fat (highlighted as the most 

serious problem from the level of industry complaints and queries), the 
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Penetrometer has been developed at the FRI-Bristol by E. Dransfield and 

colleagues to measure the condition. This is a device which measures the 

resistance of the fat to penetration by a small probe. It is now being 

used in a national survey involving 30 abattoirs which was begun in 

November 1985 and runs for 12 months. Penetrometer measurements are being 

taken on the split carcass in the shoulder at the dorsal mid line. Samples 

of fat from the same carcasses are being sent to the FRI-Bristol for more 

detailed texture measurements and chemical analysis. 

Boar taint has not been a serious problem in Britain (Rhodes, 1972; 

Kempster and Cuthbertson, 1982). However, in view of the uncertainty which 

now exists about the principal causal agent of boar taint (androstenone or 

skatole) (Lundstrom et al, 1985), the fat samples from the soft fat survey 

(referred to above) will also be subjected to analysis for these compounds 

to provide information on national levels. It is also hoped that 

collaborative work will be carried out with research institutes in other 

countries. 

One of the main problems of entire males is skin damage caused by 

increased levels of fighting in transit and lairage. This leads to 

unsightly bacon rashers and, under more extreme circumstances, condemnations 

of meat. Following a pilot study in one large abattoir, a national survey 

has begun to examine the national incidence of skin damage and the relative 

importance of causal factors. The survey involves a visual assessment of 

skin damage using a photographic scale for all pigs classified nationally 

on 12 selected days over a year (beginning November 1985). 

AD HOC TRIALS: THE EFFECTS OF FAT THICKNESS AND SEX 

Results are available from an interim trial carried out to examine 

fatness levels and sex effects on meat quality, and to evaluate the various 

techniques available for measuring meat quality (Kempster, Dilworth, Evans 

and Fisher, 1986b; Wood, Jones, Dransfield and Francombe, 1986). The trial 

involved 300 carcasses selected from 10 abattoirs. Equal numbers of gilts 

and entire males were selected from known producer groups within each 

abattoir to show the typical range of fatness. Average carcass weights and 

fat measurements are shown in Table 1. The two sexes were compared at 

similar P2 fat thicknesses and were represented equally in the three 

fatness groups. 
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TABLE 1 Mean carcass weights and p. fat thickness measurements 

Sex Fatness 

Gilt Entire Lean Ave Fat 
male 

Carcass weight (kg) 58.2 58.1 57.0 58.2 59.2 

p. (mm) 12.4 11.9 8.6 11.7 16.2 

From Kempster et al (1986b) • 

Leg and loin joints were assessed,for cutting characteristics and 

presentation,by a total of 45 butchers from independent and multiple 

retailers around the country. Key results for the loin joints are shown 

in Tabl~ 2; results for the leg joints were similar. The butchers judged 

the fat from leaner loins to be softer and the meat to be wetter and 

floppier with a greater degree of tissue separation than that from fatter 

loins. Meat from entire males was also judged to be poorer than that from 

gilts in these respects, but the differences were much smaller than those 

found between fatness levels. When asked how they judged the meat in terms 

of fatness or leanness, the, butchers were critical of the lean carcasses. 

For example, 45 per cent of the 'lean' loins were judged rather lean and 

15 per cent much too lean. The butchers also considered that 30 per cent 

of the lean loins would cook and eat poorly or very poorly against 10 per 

cent for the average and 15 per cent for the fat loins. 

TABLE 2 Key results from the butcher panel and consumer panel 
assessments of loins (%) 

BUTCHER PANEL 

Firmness of fat Firm or very Slightly Soft or very 
firm soft soft 

Entire male 55 24 22 

Gilt 66 20 14 

Lean 32 35 32 

Average 64 20 15 

F,at 85 9 6 
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TABLE 2 CONTINUED Key results from the butcher panel and consumer 
panel assessments of loins (%) 

Level of tissue 
separation 

Entire male 

Gilt 

Lean 

Average 

Fat 

CONSUMER PANEL 

Juiciness 

Lean 

Fat 

None or 
hardly a.TJ.Y 

36 

43 

16 

39 

62 

Extremely 
or very 
juicy 

16 

23 

Overall acceptability Excellent 
to good 

Lean 

Fat 

From Kempster et al (1986b). 

69 

71 

Slight 

36 

37 

38 

43 

26 

Moderately 
or slightly 
juicy 

69 

67 

Fair or 
average 

28 

26 

Excessive 

29 

21 

46 

18 

11 

Dry 

16 

9 

Poor or 
very poor 

4 

3 

A loin cut and a sample of fat from the shoulder of each carcass were 

evaluated for cutting characteristics using laboratory assessments at the 

AFRC Food Research Institute-Bristol (FRI-B). The results from these tests 

supported the butchers' panel results in that leaner carcasses and entire 

males had softer fat and more tissue separation (see Table 3). 

The occurrence of softer fat in leaner carcasses is in line with other 

detailed studies of fat composition. Although several factors contribute 

to the softer fat, such as the lower lipid concentration in smaller 

tightly-packed fat cells and higher water concentration, the most important 

factor seems to be the higher concentration of linoleic acid (C18:2) (Wood 

and Enser, 1982). 

Loin chops and shoulder and leg joints were assessed by a total of 

500 families eating the meat under normal conditions in their homes: 200 
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families were given shoulder and leg joints and 300 families were given 

loin chops. Each family received lean and fat cuts from the same producer 

group. Cuts from the intermediate fatness group were not evaluated by 

consumer panels. Key results for loin joints are given in Table 2. The 

results for leg and shoulder joints were similar to those for the loins. 

The consumers were much less critical than the butchers about the 'lean' 

carcasses, judging only four per cent of the loins (seven per cent of the 

legs) to be rather lean or too lean. 

TABLE 3 Key results from the assessment carried out at AFRC Food 
Research Institute-Bristol 

Sensory assessment ( 1) 
of fat firmness (loin) 

Stevens compression 
test of the firmness 
of fat (g) 

Trained taste panel 

Texture of 1 (2) ean 

Juiciness of lean(3) 

Overall eating quality(4) 

Sex 

Entire 
male 

3.7 

581 

1.2 

1.2 

0.8 

Gilt 

4.4 

740 

0.9 

1.2 

1.0 

Joints of average fatness were not panelled. 

(1) 3-point scale with 1=very soft to 8=very hard. 

(2) -7 (extremely tough) to +7 (extremely tender) • 

(3) 0 (dry) to +4 (extremely juicy). 

Fatness 

Lean Ave Fat 

2.8 3.9 5.3 

432 637 913 

1.0 

1.1 

0.7 

1.1 

1.3 

1.0 

(4) -7 (extremely unacceptable) to +7 (extreMely acceptable). 

From Wood et al (1986). 
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Consumers found the joints from leaner carcasses to be less juicy on 

average with a slight tendency towards toughness and poorer flavour, there 

being five per cent more critical comments for leaner carcasses. However, 

joints of different fatness were judged to be the same in terms of overall 

acceptability (including assessment of leanness/fatness). Consumers found 

no differences between entire males and gilts in eating quality or overall 

acceptability. 

Meat from a loin joint was assessed by a trained taste panel at FRI

Bristol. This involved a total of 12 assessors. The results were in 

general agreement with those from the consumer panel. The meat from 

leaner carcasses was found to be less juicy, and there was a tendency for 

it to be less tender and of poorer flavour (see Table 3). 

The results confirm that complaints from butchers about the poorer 

cutting and handling properties of meat from leaner pigs are well founded 

and that the meat from entire males is also slightly poorer in these 

respects, even at the same level of fatness. 

The butchers held strong views about the unacceptability of the very 

lean carcasses and considered that the meat would not cook and eat as well 

as that from fatter carcasses. However, these views were not held by the 

consumers. Although the leaner joints had small disadvantages in eating 

quality characteristics, the consumers considered them to be as acceptable 

overall as fatter joints. In contrast to the view held by many people in 

the industry, the meat from entire males and gilts did not differ 

significantly in eating quality. 

AD HOC TRIALS: THE DUROC CONNECTION 

Speculation about the eating quality of Duroc pigs has become an 

important feature of the meat quality debate in Britain. Imported Danish 

pigmeat from Duroc crosses is claimed to have a particularly high intra

muscular fat content and have superior eating quality to British pigmeat 

for :tbis reason. It is certainly true that the intramuscular fat content 

has been shown to be low in some circumstances: in the trial referred to 

above to examine fatness and sex effects at light carcass weights, the 

intramuscular fat contents were low (5.5, 6.6 and 9.6 mg lipid/g fresh 

weight in M. longissimus dorsi for lean, average and fat pigs respectively) . 

However more information is required before sensible decision can be made 

because the meat from the Danish Duroc crosses comes from relatively 

heavy pigs with high fatness levels and breed per se may not be the 



important factor. The meat may also be uneconomical to produce at such 

weights/fatness levels. 

Several trials are now underway in Britain to examine the growth 

performance and carcass quality (including eating quality) of purebred 

Durocs and Fl Duroc crosses in comparison with conventional White breeds 

and crosses. Results from these trials will be available by the end of 

1986. In addition, consideration is being given to the possibility of 
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of running a major trial (beginning in 1987) at MLC's Pig Development Unit 

to provide an overall economic appraisal of the Duroc as a possible 

'third breed' used in various breed combinations with the British Large 

White and Landrace. 

MAJOR TRIAL AT MLC'S PIG DEVELOPMENT UNIT, STOTFOLD 

The trial has three main objectives: 

(1) to compare the production efficiency of meat-type sires with 

conventional White sires. 

(2) to examine the influence of genotype, sex, feeding level and 

slaughter weight on carcass and meat quality. 

(3) to establish a genetic baseline for measuring future changes in 

production efficiency and carcass characteristics. 

Specialist meat-type sires, incorporating breeds such as the Pietrain 

and Hampshire with emphasis on carcass meat content, are beginning to find 

an important use in British pigmeat production, contributing about 10 per 

cent of the terminal sires used. At the moment it is not clear whether 

their use is in the best overall interests of the industry, in particular 

whether they will lead to increased stress pusceptihility and poorer meat 

quality. The trial is designed in such a way that an overall assessment of 

their performance can be made. 

The four major breeding companies in Britain are providing meat-type 

sires and conventional White-bred sires for crossing on their respective 

hybrid female populations. A genetic control population is also included. 

A total of 12 intakes of breeding stock are involved inthe trial, at 

ten week intervals. Each intake involves 12 hybrid gilts, two meat-type 

boars and two purebred (Large White or Landrace) boars from each breeding 

company. It also includes a control population intake comprising 12 

Landrace gilts (from Wye College) and four Large White boars (from the 

AFRC Animal Breeding Research Organisation, Edinburgh). The aim is to 
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obtain two litters from each gilt. 

The pigs are being grown on one of two feeding regimens (ad libitum 

and with restriction to a time-based scale), and slaughtered at one of two 

carcass wieghts (52.5 and 72.5 kg). Three sexes (entire males, castrates 

and gilts) are involved. Carcass and meat quality evaluation includes 

tissue separation, detailed chemical analysis, consumer and trained taste 

panel assessments, butcher panel assessments, and assessments of cutting 

and processing characteristics. 

The trial is not comprehensive in that it does not involve pigs 

slaughtered at heavy carcass weights (greater than 80kg). However, a 

three-year study co-sponsored by MLC is being carried out at the University 

of Newcastle under the direction of Dr M. Ellis to provide information on 

the effect of genotype and sex on pigs taken to these weights. 

GENERAL CONSIDERATIONS 

Information available from the programme to date suggests that the 

trend towards the production of leaner carcasses can continue without any 

serious effect on eating quality characteristics, However, ways of 

dealing with the cutting and presentational problems associated with the 

meat from very lean carcasses are needed. 

Improved temperature control and cutting methods may help but are 

unlikely to completely overcome the problems since they appear to be 

associated with the physiological immaturity of pigs at light carcass 

weights (Wood et al, 1986). A better strategy might be to slaughter pigs 

at heavier weights when the tissues are more mature. The carcasses would 

be fatter but recent MLC economic studies show that the overall efficiency 

of producing, marketing and distribution of the lean meat to the point 

of consumption is greatest at heavier carcass weights, in the range 60 to 

75kg (A. J. Kempster and A. S. Monk, unpublished data). 
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ABSTRACT 
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Sixteen intact pigs and twenty five isolated perfused caudal 
porcine preparations were exposed to varying concentrations of halothane 
to trigger hypermetabolic episodes. These were detected by hind 
limb rigidity in intact pigs and by increased O2 consumption and CO 2 
and lactate production in the caudal preparations. 

In intact pigs, lower concentrations of halothane provided a 
slower onset of malignant hyperthermia. For 3 % halothane, mean onset 
time was 1. 4~ 0.2 min; for 2% halothane 2. 5~ 0.5 min, for 1% 
halothane 5. 4~ 0.9 min and for O. 5 % halothane 11. 8~ 1. 7 min (mean, 
SEM). All intact pigs received all concentrations of halothane, over 
a period of several weeks. In the caudal preparation the onset of 
malignant hyperthermia by halothane sensitised the preparation to 
subsequent triggering by a lower concentration of halothane. 

The data suggest that clinical maintenance concentrations of 
halothane are in the less sensitive portion of the dose/response curve 
for triggering of malignant hyperthermia. 

INTRODUCTION 

The halothane test as developed by Eikelenboom and Minkema 

(1974) is the most widel y used method for identifying stress-

susceptible pigs. The methods employed in halothane testing vary 

among investigators particularly in regard to duration of the test and 

the concentration of halothane used (Eikelenboom and Minkema, 19·74; 

McGloughlin et aI, 1980; Webb, 1980; McGrath et aI, 1984). Recent 

experiments (Gregory and Wilkins, 1984) have shown that the response 

to halothane in stress-susceptible pigs was related to the dose of 

halothane administered and not to a triggering mechanism which 

provoke:d an all or none response. Halothane was gi ven intra venou sl y 

through an indwelling catheter to avoid restra"iht stress. In another 

study (McGrath et aI, 1984) the concentration of halothane affected 

both the number of reactions and reaction times. False negative 

reactions were obtained when pig.s were given less than 3% halothane 

for fi ve minutes. One of the prob lems encountered when investigating 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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dose/response effects of halothane is that this anaesthetic, by depres~ing 

the heart and lowering blood pressure, may cause inadequate tissue 

perfusion. In the present study this problem was overcome by using 

an isolated perfused caudal muscle preparation in which blood flow 

was maintained constant. It was possible to study both the magnitude 

of the metabolic response to halothane and the reaction time in this 

preparation. The dose/response effects of halothane in intact pigs 

were also investigated. 

MATERIALS AND METHODS 

Intact pigs 

Purebred Pietrain pigs were obtained from a herd in which the 

incidence of malignant hyperthermia (MH) had been greater than 95%. 

Sixteen pigs from two litters, weighing 25 -35 kg_, were exposed to 

varying concentrations of halothane. On a test da y, each litter 

recei ved a different concentration of halothane but all pigs in a 

specific litter received the same concentration. The test was 

performed by administering the various concentrations of halothane in 

oh-ygen (3 l/min) by a face mask using a semi-closed circle system. 

The animal was restrained manuall y and halothane was administered 

until hind limb rigidity occurred. Four or more days later the tests 

were repeated and the concentrations to each Ii tter ro tated until all 

the pigs had received 3%,2%,1% andO.5% halothane. 

Caudal preparation 

A separate group of 25 Pietrain pigs, weighing 30-50 kg, was 

confirmed as susceptible to MH by the development of hind limb 

rigidity within three minutes of exposure to 3% halothane by mask. 

At least one week later these pigs were studied in the laboratory 

using the isolated perfused caudal preparation as described in earlier 

studies (Gronert et aI, 1980). The preparation involves corporal 

transection at the level of the first lumbar vertebra with cannulation 

of the distal aorta and inferior vena cava and perfusion by a roller 

pump-oxygenator-heat exchanger. The process of acute cord section 

produced marked muscle contractions in the hind limbs and was 

frequent 1 y associated with increased oxygen consumption ("V0 2 ) of the 

preparation, a sign that muscle depolarisation had triggered a 



hypermetabolic episode. In one experiment two groups of pigs with 

four animals in each group were used to study the effects of 1% and 

Z% halothane. The muscle relaxant pancuronium (0.5 mg/kg) was 

administered before cord section to prevent muscle contraction and the 

associated increase in metabolism. In another experiment pancuronium 

was not administered and when VoZ had decreased to control levels 
-1 -1 

of less than 8ml/min /kg after cord section, varying concentrations 

of halothane were introduced until metabolism increased. These 

concentrations included four preparations exposed to 1% halothane and 

thirteen preparations exposed to 0.3%, 0.5% and/or 0.75% halothane. 

At this time halothane was discontinued and, when metabolism returned 

to control levels, smaller concentrations were introduced to determine 

if the prior episodes had sensitised the muscle and lowered the thres-

hold. (Concentrations greater than 1% were not used as previous 

studies had demonstrated that higher concentrations triggered the 

preparation very rapidly without recovery to control values). 

Isolated preparations were perfused at constant blood flow, 

control being that flow that resulted in mixed venous PoZ levels 

greater than 50 mm/Hg and unchanged thereafter. Baseline PacoZ was 

40 mm Hg, set by adjusting oxygenator gas inflow and concentrations of 

NZ' Oz and COZ; this was also unchanged thereafter. The onset of 

MH was indicated by a rise in PvcoZ of 5mm Hg; halothane was 

discontinued when PvcoZ exceeded 70mm Hg. Increases in VoZ and 

metabolic acidosis, ranging to ZOrn mol/l negative base excess,confirmed 

MH episodes. Arterial and venous blood gases and reduced/ 

oxyhaemoglobin levels (co-oximeter) provided data for calculation of 

Oz content. The Fick formula enab led calculation of preparation 

VoZ' Base excess estimated degree of metabolic acidosis. Control 

preparation temperature was 37. 5°C. Data are expressed as mean ! 

SEM. Comparisons between groups utilised the unpaired t test, 

P < 0.05 considered significant. 

RESULTS 

These are preliminary results and further studies are planned. 

Intact Pigs 

The dose/response effects for halothane in concentrations varying 

from 3% to 0.5% are demonstrated in Figure 1. Mean response times 
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are different among all four concentrations, P < 0.05. 

Min 

Fig. 1 

20 

16 

12 _0_11.8t17 

8 

-5.4%09 

4 
0 

__ 2.8tO.6 

&I: 1.410.2 zll 
I : 

0 
(n=16) (n= 14) (n= 11) (n- 12) 

3% 2% 1% 0.5% 

Halothane 

Reaction times, including mean (:!:SEM) reaction times, 
of intact pigs sub jected to various concentrations of 
halothane. 

For all pigs, 3% halothane produced hind limb rigidity in 3.5 min 

or less, 2% halothane in 6.2 min or less, 1% halothane in 10.0 min or 

less and 0.5% halothane in 22 min or less. In the latter group, the 

end-point was sometimes obscure because of increased muscle tone 

during light anaesthesia and restraint. 

Caudal preparation 

When preparations were exposed to 1% and 2% halothane (Figure 2) 

the time of onset of MH was faster and the response(as measured by 

Pvco2 ) was greater in those preparations which received 2% halothane. 

In a separate experiment involving 17 pigs, metabolism increased after 
-1 -1 

cord section, with V02 rangi.ng from 5-15 ml/min /kg. After 
-1 -1 

conditions were stable and V02 was less than 8 ml/min /kg halothane 

was introduced. For this study 4 preparations were exposed to 1% 

halothane - these triggered in 20, 20, 35 and 50 min but only one 

recovered to control levels; it retriggered when exposed to 0.3% 
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Example of the oxygen consumption of one isolated 
perfused porcine muscle preparation exposed to 
different doses of halothane. 
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halothane. Results for the remaining 13 preparations are shown in 

figures 3 and 4. 

NUMBER 

OF 

ANIMALS 

SHOWING 

hOz 

Fig. 4 

14 
N=13 

12 

10 

N=7 

N=4 N=9 

0-3% 0-5% 0-75% OFF 

HALOTHANE 

Number of isolated perfused caudal muscle 
preparations showing increased oxygen consumption 
when exposed to various concentrations of halothane. 

An example of the V0 2 responses to various doses of halothane is 

shown for one isolated perfused muscle preparation in Figure 3. 

Four of the preparations were exposed to 0.3% halothane for up to 60 

min and none triggered (Figure 4); all thirteen were then exposed to 

0.5% halothane for up to 60 min and eight triggered in 15, 25, 35, 

35, 40, 55, 60 and 60 min; the final five preparations were then 

exposed to 0.75% halothane and triggered in 10, 15, 20, 20, and 60 

min. Of tl:ese thirteen preparations, nine recovered to control 

val ues and were re-exposed to 0.2 - O. 3 % halothane; 

in 10,10,15,15,20 and 45 min. 

DISCUSSION 

six retriggered 

Halothane triggered MH responses in both intact pigs and the 

isolated perfused caudal preparation. The concentration of halothane 

influenced the time of onset and the magnitude of the MH response. 

We expected that the muscle depolarisation which was associated with 

cord section might sensitise muscle in a manner similar to prior 

exercise (van den Hende et aI., 1976) or succinylcholine (Gronert & 

Milde, 1981) and speed up onset time. This was apparent! y not so 

and perhaps can be explained by the following. Acute cord section 

is generally foEowed immediatel y by acute spinal shock, with flaccidity 



and areflexia. Despite the increased V0 2 observed in most preparat-

ions soon after cord section, the sudden neuronal inactivity may have 

subsequently diminished intrafibrillar ionised calcium levels, resulting 

in a relatively slower onset of MH upon exposure to halothane. On 

the other hand, triggering of the caudal preparation by halothane 

lowered the threshold for halothane, so that lower concentrations now 

triggered hypermetabolism. 

Central depressants delay the onset of MH (Hall et al., 1972; 

Ahern et al., 1980; Gronert & Milde, 1981). While it is not known 

how these compounds work they do reduce the level of restraint stress 

and they also reduce the concentration of halothane required for 

anaesthesia to maintenance levels. The present results suggest that 

these levels of 0.5% - 1% halothane are in the dose/response range in 

which MH is triggered slowly. 

The pigs used in the present studies were from a herd with a 
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high incidence of MH. Some other breeds are less susceptible. The 

incidence of MH in Canadian Landrace pigs was 1. 5% when the animals 

were subjected to the halothane test but the incidence increased to 

18% when succinylcholine was used in conjunction with halothane 

(Seeler et al., 1983). In another Landrace herd a short period of 

exercise before the administration of halothane increased the incidence 

of MH (van den Hende et al., 1976). Some animals in a group of 

Irish Landrace gave a positive MH reaction only after prolonged 

anaesthesia with halothane (Ahern et al., 1979). The halothane test 

may be an inadequate screening test for MH in these herds and another 

stimulus, in addition to halothane, may be required to determine the 

true incidence of the syndrome. When the halothane test alone is 

used in herds with a low incidence of MH the duration of the test 

should be not less than 5 min, anaesthesia should be induced quickly 

with 5% - 7% halothane and surgical anaesthesia should then be 

maintained with the appropriate concentration of halothane. This 

procedure will ensure that the animal is exposed to the highest 

possible dose of halothane for the duration of the test. 

Thus, several factors influence the time of onset and severity 

of MH. These include drugs used in premedication, stressors such as 

restraint, environmental temperature and humidity, the susceptibility 

of the individual animal and the concentration of halothane. 
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THE IMPORTANCE OF REACTION INTENSITY IN THE HALOTHANE TEST 

ABSTRACT 

K. Fischer 

Federal Meat Research Centre 
Institute of Meat Production and Marketing 
E.C.Baumann-Stral3e 20, D-8650 Kulmbach, 
Federal Republic of Germany 

The importance of different reaction intensities to the halothane test was 
examined in 282 piglets of the German Landrace. The reaction intensity was 
evaluated by the stiffness of the hind legs using a 5 point scale. The subjective 
evaluation was supported by physiological parameters. With increasing rigidity 
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the criteria measured showed more distinctly the complex of symptoms of 
malignant hyperthermia. However the increase was not a continuous one. The 
mean values of the stages 1 and 2 (none or very low rigidity) and those of 3 - 5 
(medium to very strong rigidity) were close together. Similar results were found 
for meat quality traits. In repeated tests the grouping into rigidity stages was 
not entirely consistent. The shifting however took place generally within groups 1 
and 2 or 3 to 5 respectively. The prediction of meat quality was improved a 
little by including some physiological responses to the halothane test. The results 
indicated that the observed differences in reaction intensity within the negative 
or positive reaction groups were not genetically determined; therefore grouping 
in a 2 stage system (H-, H+) is sufficient during routine testing. Halothane 
negative animals show none, very slight or reversible stiffness during the test. 

INTRODUCTION 

It is well known that during the halothane test there are differences in the 

intensity of response over and above the typical positive or negative reaction 

(Eikelenboom et al., 1977; Kittler and Dzapo, 1978; Augustini et al., 1979; 

Eiffert, 1984; Haugwitz and v. Lengerken, 1985). 

The present investigation examined the following aspects of reaction intensity, 

- whether subjectively observed differences in the reaction intensity 

can be quantified, 

- whether subjectively observed differences are repeatable, 

- whether differences in reaction intensity are important for the prediction 

of meat quality, 

- whether physiological responses can be used to predict meat quality. 

MATERIAL AND METHODS 

Two hundred and eighty two piglets of the German Landrace breed (20 - 30 kg) 

were halothane tested up to four times at intervals of 2 or 3 days. The tests were 

carried out in a semi-open system (4 % halothane) with a maximum duration of 

4 minutes. The test was interrupted only when irreversible cramps of the legs 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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appeared. The reaction was described subjectively at the end of narcosis using 

a 5 point scale to describe the rigidity of the musculature of the hind legs. A 

score of 1 was given for a complete relaxation and a score of 5 for a very strong 

cramp. After finishing the halothane test, physiological parameters were recorded 

for 6,5 minutes at intervals of 30 seconds (heart rate, rectal temperature, re

spiratory rate, minute volume, CO2 concentration in the expired air, C02out

put). Blood was taken from an ear vein immediately after halothane application 

and 6,5 minutes afterwards (p02' pC02,pH, acid-base values, lactate, glucose). 

After a normal fattening period the animals were slaughtered at a liveweight 

of approximately 110 kg. Meat quality was evaluated in the usual manner (pH, 

WHC according to the Grau/Hamm method, rigor value) supported by measure-

ments of postmortem glycogenolysis. Analysis of variance was carried out 

after correcting the data for the effect of day of test, liveweight on 

the day of test and liveweight on the day of slaughter. 

RESUL TS AND DISCUSSIONS 

Results for the most important times of measurement 

Table 1 shows that the rectal temperature did not clearly 

are presented. 

differentiate between 

the stages of stiffness during the first few minutes after the end of the test. 

With increasing time after halothane application however a distinct increase 

in rectal temperature was observed for stages 3 to 5. This was contrary to the 

decrease observed for stages 1 and 2. 

Heart rate values were already different only 0,5 min after the end of the 

test. With increasing rigidity the LSQ means also increased, however not always 

significantly. 

The respiratory measurements showed especially clear differences between 

stages of stiffness (Table 2) corresponding to their role in compensating for 

acidosis, which occured in varying degrees after halothane application. This 

can clearly be seen in the differences of CO2 output. In violently reacting 

animals (stage 5) values were sometimes three times higher than in relaxed 

animals (stage 1). Forced CO2 output, necessary for the regulation of pH, depends 

upon a corresponding increase in respiratory rate and minute volume. 

At the first measurement the blood parameters (Table 3) showed only small 

changes with increasing rigidity. An acidosis was observed in all reaction types 

caused by the breath-depressive action of the halothane. 



TABLE 1 LSQ mean values of rectal temperature and heart rate in pigs 
grouped according to the degree of hind limb ri gidity, at selected 
times after the halothane test * 

Time of Rigidity stages 

measurement 2 3 4 5 F-Test 
(min after 
end of test) n = 84 24 10 61 72 

Rectal temperature (0C) 

° 39,04 39,14 39,07 39,04 39,06 

2,5 38,93a 39, lOac 39,5~c 39 38bc 39,50b *** , 
6,5 38,75a 38,96a 39,61 b 39,67b 39,74b *** 

Heart rate (beats/min) 

0,5 154,9 a 159,6 a 190,8 b 212,2 b 224,6 c *** 

2,5 162,8 a 169,0 a 211,4 b 202,1 b 207,2 b *** 

6,5 147,5 a 147,7 a 181,2 b 169,6 b 172,9 b *** 
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TABLE 2 LSQ mean values of respiratory measurements for pigs displaying 
different degrees of hind limb rigidity, measured at selected times 
after the end of the halothane test 

Time of Rigidity stages 

measurement 2 3 4 5 F-Test 
(min after 
end of test) n = 87 25 11 70 78 

Respiratory rate (breaths/min) 

1,0 26,4 a 26,3 a 22,0 a 33,3 b 337 b *** , 
2,5 31,8 a 30,4 a 33,6 a 41 9 b 429 b *** , , 
6,5 33,8 a 36,2 a 38,1 44 7 b 434 b *** , , 

Minute volume - VE (l/min) 

1,0 8,1 a 8,0 a 9,6 a 167 b 188 b *** , , 
2,5 10,2 a 12,4 a 182 b 23,4 c 24,3 c *** , 
6,5 10,6 a 11,4 a 173 b 234 b 203 b *** , , , 

CO2 output - V CO (l/min) 
2 ° 99d 1,0 0,28a 0,30a 0,55b 0,85c *** , 

2,5 0,32a O,44a ° 84b ° 96b ° 97b *** , , , 
6,5 0,31 a 0,33a 0,5cf ° 57b ° 56b *** , , 

* 
Table to 4: LSQ means within the same line marked by different 

letters are significantly different (p~0,05) 
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The test narcosis was interrupted earlier when the subjectively observed reaction 

appeared more violent. This explains why relatively normal values can still be 

found in stage 5 compared to stages 1 and 2. The situation was changed at the 

second measurement. The values for stages 1 and 2 were better while stages 3, 

4 and 5 proved to have a strong metabolic acidosis despite forced CO2 breathing 

(Table 3). 

The physiological measurements for the individual stages of stiffness show 

that an increasing rigidity of the hind legs was associated with an unfavorable 

reaction. However, this association was not continuous. In most cases the mean 

values for stages 1 and 2 were similar, as were those for stages 3, 4 and 5. 

The values found in stages 3 to 5 correspond with a typical malignant hyper

thermia and are in agreement with results in the literature (Berman et a1.,1970; 

Lucke et ai., 1976; van den Hende, 1976; Baumgartner et ai., 1980; Henning, 

1982). Animals in stage 3 had especially unfavorable blood values which indicate 

slowly developing but distinct malignant hyperthermia. The low values at the 

beginning (one minute after the test, Table 2) for respiratory measurements 

shows a limited ability for compensation. 

In Table 4 some characteristics of meat quality are grouped according to 

stages of stiffness. The same tendency was observed as with the physiological 

parameters, with similar results found for animals of stages 1 and 2 and for 

those of stages 3, 4 and 5, respectively. This suggests that a subdivision of the 

subjectively determined halothane reaction gives no advantage for the prediction 

of meat quality. The somewhat unfavorable mean values of stage 2 compared 

to stage 1 may have been caused by some halothane positive animals which did 

not clearly react and were grouped in stage 2. 

A further important criterion for judging the importance of intensity of 

reaction is the stability of the grouping over several tests. The corrected 

contingent coefficients (CC ) for conformity to the rigidity stages over 4 corr. 
repeated tests lay between 0,80 and 0,85. However only the grouping for stage 

was very stable. In all other stages changes were found, but more regularly 

within groupings 1 and 2 and 3 to 5 respectively. The constancy of the inter

mediate stages 2 and 3 is of special interest. Table 5 shows in which stages 

animals were grouped at the second, third and fourth repeat test which had 

been placed in stage2 or 3 at the first test. Of the 23 piglets which were classi

fied as stage 2 in the first test ten of them showed constantly in the following 

tests the reaction behavior of stage 1, six of the animals shifted between stage 

1 and 2, three animals remained constant in stage 2 and one shifted between 



TABLE 3 LSQ mean values of selected blood measurements in pigs with 
different levels of hind limb rigidity after the halothane test 

Time of 
measurement 
(min after 2 

Rigidity stages 

3 4 5 F-Test 
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end of test) 46 ____________ n_~~~ ____ ~~ ____ ~~ ____ ~~ ____ ~ ____________ __ 15 10 53 55 

Lactate (IJmol/ml) 

0 4,6 5,6 6,0 5,2 4,4 

6,5 5,0 a 6,8 b 11,6 c 10,1 c 9,6 c *** 

peo2 (mm Hg) 

0 69,6 73,0 73,3 70,0 68,4 

6,5 44,1 a 44,5 ac 57,3 bc 51,9 be 55,5 b *** 

pH-value 

0 7,164b 7,098ac 7,0300 7157bc 7,187b *** , 
6,5 7,291 0 7,2380 7,034b 7,102b 7,091 b *** 

Base excess (IJmol/l) 

0 -5,7 b -9,8 ac -12,3 a - 6,3 bc - 4,3 b *** 

6,5 -5,1 a -8,4 a -16,7 b -14,1 b -13,7 b *** 

TABLE 4 LSQ mean values of meat quality traits, measured at 45 min post 
mortem in the carcasses of pigs grouped according to the degree 
of rigidity displayed after halothane administration 

Rigidity stages 

2 3 4 5 F-Test 

n = 73 23 11 70 73 

pH (M.l.d.) 5,92a 5,88a 5,56b 551 b 5,53b *** , 
pH (M.g.m.) 6,030 6,18a 5,Mb 558b 5,66b *** , 
pH (M.sm.) 6,14a 6,04a 571 b 5,69b 515b *** , , 
ATPl (M.sm.) 4,04a 3,37a 137b 1 69b 1 67b *** , , , 

1 " 52,4 a 59,5 a 91,2 b 885 b 866 b *** Lactate , , 
Glycogen 1 

" 28,7 a 22,1 a 92 b b b *** , 13,7 b 13,5 b 

O,93a O,94a l,20b 1,15 1,15 *** 
R-value " 
Rigor 5,94a 6,32a 906b 8,66b 832b *** 
value(mm) " 

, , 

Liquid 4,81 a 5,29ac 6,13bc 6,32b 6,06b *** 
area(cm2 ) " 

1 
IJmol/g 
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TABLE 5 Repeatability of judging for hind limb rigidity in pigs. Animals that 
were assigned to rigidity stages 2 or 3 in the first test were then 
subjected to a second, third and fourth test 

1 st test stage 2 (n = 23) 

repeated test 
2 3 4 

1 1 

2 

2 1 

2 2 

2 2 

2 2 2 

3 4 

2 3 2 

absolute frequency 
of combination 

]0 

2 

3 

3 

23 

1 st test stage 3 (n = ]1) 

repeated test absolute frequency 
2 3 4 of combination 

2 1 2 

3 

3 3 

4 3 4 

3 4 5 

4 4 3 

4 4 

5 4 4 2 

4 5 5 

11 

TABLE 6 Optimization of the accuracy of prediction of characteristics of 
muscle tissue at ] and 24 hours post mortem by including several 
halothane reaction criteria in a multiple regression analysis 

Dependent variable 

Glycogen 1 (M.sm.) 

Lactate] 

ATP] " 

R-value 1 " 

Rigor value] " 
Liquid area 1 

Liquid area24 " 

pH] (M.sm.) 

pH] (M.g.m.) 

pHI (M.l.d.) 

A 
] st reaction criterion 

r2 

Rigidity stage ,3]4*** 

Rigidity stage ,313*** 

Veo (3,5 min) ,280*** 
2 

Rigidity stage ,274*** 

Rigidity stage ,186*** 

Veo (2,5 min) ,164*** 
2 

Heart rate ,184*** 
(1,5 min) 

Veo (2,5 min) ,305*** 
2 

Rigidity stage ,272*** 

Rigidity stage ,363*** 

3 
rigidity stage in third power 

B 
A combined with 
2nd reaction criterion r2 

(Rigidity stage)3 ,349*** 

Veo (3,5 min) ,353*** 
2 

Rigidity stage ,315*** 

Veo (3,5 min) ,306*** 
2 

Rigidity stage ,332*** 

Heart rate (0,5 min) ,303*** 

Veo (3,5 min) ,408*** 
2 
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stage 2 and 3. Only one of the 23 animals scored in stage 2 at the first test 

shifted in the following tests to stages 3 and 4. It is evident that reaction stages 

1 and 2 can be considered to be similar and that stage 2 (very low rigidity) can 

be considered to be a halothane negative reaction. Animals scored into stage 3 

at the first test were also unstable in the following tests. Shifts happened mostly 

into higher stages of reaction. One can therefore conclude that animals of stage 3 

(medium rigidity) have to be classified with the positively reacting animals. The 

corrected contingent coefficients (CC ) for the conformity judging corr. 
of hind limb rigidity into either halothane negative (rigidity stage 1 and 2) or 

halothane positive (rigidity stages 3-5) lay between 0,95 and 0,98. 

Multiple correlations were used to examine whether the physiological measure

ments made in connection with the halothane test can be used to make a more 

precise prediction of meat quality. Besides the rigidity judgements, selected 

physiological criteria at appropriate times of measurement were included into 

the calculations. 

Li sted under column A in Table 6 are the reaction criteria 

which give the best prediction (r2) for the corresponding meat quality charac

teristics. When r2 could be increased by at least 0,02 by combination with a 

further criterion then it is listed in column B. In six out of ten meat quality 

characteristics the rigidity stage alone gave the highest r2 value. Of seven 

characteristics in which a second calculation may have increased the correlation 

by at least 0,02 the rigidity stage was always included. This shows the usefulness 

of a subjective judgement of hind limb stiffness for the prediction of meat 

quality. The most important physiological measurement was the output of 

carbon dioxide at 2,5 to 3,5 min. after the end of the test. This measurement 

however is very expensive and the amount of information obtained was relatively 

low. Furthermore the optimum combination of physiological measurements 

changes for each meat quality characteristic. It is therefore not possible to 

deduce a generally valid combination of measurements. This leads to the 

conclusion that during routine testing recording of auxiliary parameters does 

not give decisive advantages. 

CONCL USIONS 

The differences observed in reaction intensity in halothane negative and 

positive animals suggest that the relative stiffness of the hind limbs is not 

genetically founded and it is sufficient to group animals into two reaction 

stages (H-, H+) during routine testing. Under sufficiently strong test condi-
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tions, halothane negative reactions are only those with none, very low grade 

or reversible stiffening of the musculature of the limbs. 
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Several crossbreeding experiIrents were conducted in which Pietrain 
boars were mated with stress resistant sows of a specially developed line 
of German Landrace selected for horrozygosity in the halothane negative 
reaction (DL HN), or with German Landrace halothane positive sows (DL HP) , 
or with stress resistant F 1: German Landrace x Edelsch\\ein sows (DE·x DL) • 
Reproduction criteria for 559 litters from 396 sows indicated an 
inproverrent with the stress resistant purebred and crossbred sows, although 
the IlEan number of piglets rorn per litter was not significantly different 
tetween HN and HP sows. 

The carcass corrposition of the progeny of DL (HN) sows was only slightly 
less favourable from that of the progeny of DL (HP) sows. In contrast all 
criteria of IlEat quality were superior to the progeny of DL (HN) sows. 
It was concluded that, despite the observed difference in leanness, the 
crossbred Pi x DL (HN) pigs combined superior IlEat quality with a 
sufficiently good carcass grade. 

INTRODUCTION 

Breeding strategies for decreasing the frequency of inferior IlEat 

quality in pigsare concentrated on crossbreeding systems. Apart from 

conrrercial hybrids in practical pig production the IlEthods of sinple 

crossings of IlEat type roars such as the Pietrain, with stress resistant 

(halothane negative) purebred sows or F l-sOWS of DE x DL in a three-way 

crossing system are favoured. 

Results of three-way crossbreeding, fran several official tests 

conparing different breeds, indicate possibilities for llrproving IlEat 

quality combined with the desired high level of IlEatiness. 

Introduction of sinple crossing requires the development of purebred 

stress resistant lines based on selection with halothane. This task 

was undertaken in several German pig breeding associations. A halothane 

negative purebred line of German Landrace pigs (DL HN) has teen 

developed at the experiIrental station Frankenforst with the intention of 

establishing a horrozygous halothane negative herd. Sorre results of 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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crossbreeding of Pietrain boars with halothane negative and halothane 

positive sows are presented here. 

MA'IERIAL AND METHODS 

The experirrents conprised 559 matings of 7 Pietrain boars with 396 

sows (299 HN, 64 HP, 33 Fl ), including 89 litters from first mating sows 

and 470 litters from second and following matings. The halothane test 

was conducted in litters of 134 sows (122 HN, 12 HP). Carcass corrposition 

and neat quality were neasured in the progeny of 105 sows (87 HN, 18 HP) 

and 4 Pietrain !:oars. 

A least square neans statistical analysis of reproduction criteria 

was carried out using a factorial design with respect to number of 

farrOWing, !:oars and type of sows (HP, HN, F 1)' The evaluation of the 

results of carcass conposition and neat quality neasurenents by least 

square neans analysis was based on the follOWing statistical m:x:lel: 

Yijk1 = P + Ei + HRSj + Bik + e ijkl 

E = Experinent 

HRS = Halothane reaction of sows 

B = Boar within e.xperinent 

RESULTS 

In crossbred litters of 122 DL (HN) sows the average frequency of 

halothane negative piglets was 72 percent. In 55 litters none or at ITOst 

one piglet showed a positive halothane reaction. These progeny tested 

sows were selected for integration in the special halothane negative line 

at the experinental station. In matings of Pietrain !:oars with DL (HP) 

sows an average frequency of 21. 5 percent halothane negative pigs in the 

offspring was observed. 

Preliminary results for reproductive performances are presented in 

Table 1. A trend for higher perfonnance in the halothane negative sows 

was evident and also for the Fl sows as expected, I:::ut the differences were 

not statistically significant with the exception of the weight at weaning 

on the 28th day. The weight of the litter and of the piglets at weaning 

was mainly influenced by the farrOWing number of the SOW. The ISQ analysiS 

showed that the effect of halothane status on reproduction criteria was 

higher for the sows than for the !:oars. 

The carcass conposition and neat quality results are presented in 



TABLE 1 Several reproduction criteria in crossbred litters from 
Pietrain (Pi) !::oars and German Landrace halothane positive (DL HP) 
sows, or halothane negative (DL EN) sows, or Edelsch~in x German 
Landrace (DExDL) F 1 sows. Data are presented as least square neans 

Number of sows 
Number of litters 

Piglets born per litter 
Piglets reared per litter 
Rearing losses (%) 
Weight of piglet at 28 

days (kg) 
Weight of litter at 28 

days (kg) 

Matings 

Pi x DL (HP) Pi x or., (EN) Pi x F 1 (DExDL) 

64 
99 

9.72 
8.28 

15.21 
6.13 

50.53 

299 
405 

10.01 
8.61 

14.19 
6.52 

56.19 

33 
55 

10.13 
8.25 

18.73 
6.34 

52.40 
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Tables 2 and 3. As expected, crossbred pigs of DL (HP) sows ~e 

significantly superior in those criteria expressing neatiness such as 

rruscle area and conformation. The significant difference in carcass 

length in general characterises the nore expressed neat type carcass of 

the progeny of DL (HP) sows. The neasurerrents of backfat thickness and 

also the lean to fat ratio ~e not significantly different bet~n the 

progeny of DL (EN) and DL (HP) sows. That neans that, with respect t.o the 

high absolute level of neat yield in the carcasses of the crossbred pigs 

of DL (EN) sows, this crossbreeding system, independently from the 

advantages given by the halothane status of the sow, is a favourable 

nethod for producing pigs to satisfy the market demands. Furthernore the 

neat quality results (Table 3) denonstrate a significant superiority in 

all of the :i.rrportant traits for the crossbred pigs of DL (EN) sows. 

It was concluded that the crossbreeding system of mating neat type 

boars with halothane negative sows is a favourable way to produce 

carcasses with a high lean neat content combined with the high level of 

neat quality demanded. 
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TABLE 2 Carcass cOI!pJsition of crossbred pigs from Pietrain (Pi) 
l::x:>ars and German Landrace halothane positive (DL HP) and halothane 
negative (DL HN) sows. Least square rreans (ISM) and standard errors 
(SE) of ISM are shown 

Matings 

Pi x DL(HP) Pi x DL(HN) 

n = 95 n =; 472 

ISM SE ISM SE 

Carcass length 2em) 93.30*** 0.43 95.47 0.21 
Muscle area (em ~ 49.35*** 0.71 46.69 0.35 
Backfat area (em ) 17.92 0.52 18.16 0.26 
Lean/fat ratio 0.37 0.01 0.39 0.01 
Average backfat (em) 2.38 0.04 2.41 0.02 
Backfat, RM (em) 1.51 0.07 1.50 0.06 
Meatiness of belly, s. v • 4.65 0.20 4.55 0.10 
Ham (%) 32.46* 0.15 32.08 0.07 
Meat yield in carcass (%) 58.06** 0.30 57.18 0.15 

* P~ 0.05; ** P~ 0.01; *** p!: 0.001 

TABLE 3 Meat quality in crossbred pigs from Pietrain (Pi) l::x:>ars 
and German Landrace halothane positive (DL HP) or halothane negative 
(DL HN) sows. Least square rreans (ISM) and standard errors (SE) of 
ISM are shown. Measurenents of pH and electrical conductivity (EC) 
were made in M. longissimus dorsi (LD) and M. sem.irrembranosus (8M) 
at 40 minutes and 24 hours post rrortern (subscripts 40 and 24 
respectively) 

Matings 

Pi x DL(HP) Pi x DL(HN) 

n = 951 n = 4721 

ISM SE ISM SE 

pH40 (LD) 5.61 0.04 5.89*** 0.02 

pH40 (8M) 5.85 0.05 6.07*** 0.02 
EC40 (LD) 10.01 0.73 7.14*** 0.29 
EC40 (8M) 8.43 0.54 6.14*** 0.21 

GOfo value (LD) 50.47 1.19 58.76*** 0.58 
Elrepho value (LD) 24.22 0.44 21.34*** 0.22 
Transmission2value (LD) 55.03 3.04 34.12*** 1.50 
Visual score (LD) 4.42 0.29 6.23*** 0.14 

pH24 (LD) 5.51 0.01 5.47*** 0.01 

pH24 (8M) 5.63 0.01 5.54*** 0.01 
EC24 (LD) 11.12 0.33 9.81*** 0.13 
EC24 (8M) 12.31 0.41 11.62 0.17 

See overleaf for footnote 
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~e numl::er (n) of EC reasurenents was 46 and 402 for the Pi x DL (HP) and 
Pi x DL (HN) matings respectively. 

2A higher score indicates retter reat quality 
*** P~ 0.001 
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EVALUATIOO OF SCME QUALITATIVE CHARACTERISTICS OF SEASOOED HAM IN 

EIGHT PIG GENETIC TYPES 

ABSTRACI' 

D. Matassino, A. Zullo, L. Rarrunno, E. Cosentino 

with the technical collal:xJration of A. Di Lucia 

Istituto di Produzione animale 
Facoltadi Agraria - IJniversita degli studi di Napoli 

80055 - Portici, Italy 

The study was performed on 141 seasoned hams (grouped in 4 weight 
classes: < 7, 7 ----I 8, 8 --I 9 and > 9 kg) from 72 castrated males and 69 
entire females of eight swine genetic types. The rheological, colour and 
chemical characteristics were evaluated on M. gluteobiceps, M. semitend
inosus and M. sernirrembranosus of the 'pera' cut obtained by dissecting the 
ham according to the 'Modena' cutting system. 

The results showed: (i) genetic type significantly affected many 
qualitative characteristics; (ii) sex did not affect rheology and colour; 
the castrated males had, on average, hams with rrore dry matter and less 
protein and ash; (iii) rheology and colour did not vary statistically with 
ham weight; (iv) the muscle used was important in determining all the 
variables considered; (v) genetic type interacted with sex for brightness, 
fat content and energy value and with ham weight for hardness, chewiness, 
brightness, dry matter, protein, fat and energy value. 

INTRODUCrIOO 

A previous study showed the inportance of genetic type, sex, weight 

and age at slaughter in determining the main qualitative and economic 

properties of seasoned ham (Quadri et al., 1981). Subsequently the effect 

of genetic type, sex and ham weight category on panel score was confirmed 

(Matassino et al., 1985a,b). 

The aim of this study was (a) to determine the significance of 

certain sources of variation on rheology colour and chemical characteris

tics, rreasured on the rrost representative rruscle of seasoned ham; 

(b) to determine for each genetic type, at which weight the ham reached 

opt.i.nrum quality; (c) to integrate the results already obtained to inprove 

the evaluation of quality in seasoned ham. 

MATERIAL AND METHODS 

Seasoned hams (141, grouped in four weight classes: < 7, 7 --I 8, 

8 --t 9 and >9 kg) from 72 castrated males and 69 entire females of eight 

swine genetic types were used (Table 1). Details of rearing and feeding 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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were reported by Bergonzini et al. (1982) and the seasoning procedures by 

Matassino et al. (1985a,b). 

The rheological, colour and chemical characteristics \\ere determined 

as reported in Matassino et al. (1974, 1975, 1976a,b) on M. gluteobiceps 

(Gb) , M. semitendinosus (St) and M. semilrembranosus (Sm) from the 'pera' 

cut. Chemical carp:lsition and energy value \\ere calculated on a dry 

matter basis. The energy value was calculated using the following 

coefficients: 4 kcal/g for the protein and 9 kcal/g for the fat (Fidanza 

et al., 1974). 

An analysis of variance was carried out using the following fact

orial nodel where the factors \\ere considered fixed and the effect of each 

factor was expressed as deviation from the overall rrean 1"': 
Y - 11.+ a + Q + Y + 15 + (a Q )"" + (aY)"k + (aQ)l"l + 

ijklm - riP j kIP IJ 1 

+ (PY)jk + (PQ)jl + (YQ\l + 8ijklm (1) 

where: Y ""kl = the value of the 1 th IIUscle of the mth ham l:elonging to 
IJ m th 

i th genetic type, jth sex and k class of lNE!ight. 

The rreans \\ere estimated as reported in Matassino et al. (1985a,b) 

by using the follOWing nodel: 

Y ijklm = (aPY 15 ) ijkl + 8 ijklm 
(2) 

and are rrean values lNE!ighted for all other factors considered as single or 

interactive effects. 

Differences l:et'iNE!en rreans \\ere determined using Students t test. 

The percentage reflectance of the ham was rreasured at nine wave

lengths in the visible spectrum l:et'iNeen 426 run and 684 run, and a fourth 

degree polynomial curve was fitted to the data for each level of the 

factors considered. 

RESULTS 

Table 2 shows the statistical significance of the particular IIUscle 

analysed and of the interactions 'genetic type x sex' and 'genetic type x 

ham lNE!ight' in determining the quality and chemical carp:lsition of the 

rreat. 

The carp:lnents of variance (Table 3) show that (a) in nany cases 

'nuscle' absorbs IlOst of the total variability, reaching the highest 

value for hardness (69%); (b) 'ham class lNE!ight' and 'sex' have sore 

influence on sodium chloride (9%) and dry matter content (8%) 
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TABLE 2 An analysis of variance of the quality and chemical compos~t~on 
of seasoned ham in relation to genetic type, sex and weight of ham. 

Variable 

1. Rheological 

Hardness (kg) 

Cohesiveness (TU)2 

Springiness (mm) 

Adhesiveness (TU)2 

Chewiness (TU)2 

2. Colour 

Brightness (%) 

A complementary (mm) 

Purity (%) 

3. Chemical 

Dry matter (DM) (%) 

Protein (% on DM) 

Fat (% on DM) 

Ash (% on DM) 

NaCl (% on DM) 

Energetic value (kcal/g of DM) 

muscle 

362.8*** 

31.7** 

1.5 

37.2*** 

118.5*** 

95.8** 

3.0* 

12.1*** 

225.7*** 

361.4*** 

218.9*** 

11.8*** 

273.0*** 

112.3*** 

F value 1 

interaction 

genetic type genetic type x 

x sex ham weight class 

1.6 1.9* 

1.4 1.1 

0.6 1.6 

3.2** 1.1 

1.5 1. 7* 

2.8** 1.3 

2.6* 1.0 

1.0 1.0 

1.1 2.4*** 

1.5 2.7*** 

3.0** 2.9*** 

1.2 3.4*** 

1.9 1.4 

2.2* 2.2*** 

1 * P<O.OS; ** P<O.Ol; *** P<O.OOl, the other interactions were not 
significant. 

2 
TU = texturometric units. 
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respectively; (c) 'genetic type' and nost of the interactions absorb 

little of the total variability, except for the interactions (i) 'genetic 

type x sex' for adhesiveness and lrightness (5%) and (ii) 'genetic type 

x ham v.eight class' for ash content (13%) and springiness (5%). 

The effect of single factors was shown by the significance of the 

differences betv.een the rreans calculated according to mJdel 2. This 

procedure statistically evaluates differences betv.een the estirrated rreans 

of a factor and also examines whether interactions are present. The 

coefficient of variability {C V = (J Ix • 100) was less than 10% for all 

the variables. 

Genetic type 

Almost all the characteristics considered varied significantly in 

relation to genetic type. Tables 4 and 5 show that: 

a. LxIW and Suffolk pigs provided seasoned hams that v.ere on average 

nore tender and required less energy for chewing (P < 0.05) than DLW 

and Camrorough. Springiness was significantly higher in CarnI::orough 

than in Lx{SPxLW) • 

b. hams from Suffolk and ILW v.ere lighest while those from three-way 

crosses v.ere darkest (P < 0.01) • 

c. regarding chemical COIIqJOsition: 

(i) Lx{SPxLW), DLW and ILW hams had the highest percentage of dry 

matter while Suffolk had the lov.est (P < 0.01) ; 

(ii) protein content was significantly higher in BLx{SPxLW) and DLW 

conpared to Suffolk hams; 

(iii) LxLW hams v.ere fatter than those from the other genetic types 

(P < 0.05) with the exception of DLW and BLx (SPxLW) ; 

(iv) ash content was lov.est in Lx{SPxLW) hams corrpared with all 

other types (P< 0.05) and highest in the Suffolk; 

(v) Suffolk hams corrpared with the other genetic types, had 

significantly nore sodium chloride; 

(vi) as a consequence of the fat content, the energy value was 

highest in hams from Lx (SPxLW) and lov.est in L x LW (P < 0.001) • 

The fourth degree polynomial functions (P < 0.001; Table 7) for ham 

reflectance data are shown in Figure 1 for each genetic type. Significant 

differences v.ere observed betv.een the functions, indicating that ham from 

ILW had a higher percentage reflectance than that from DLW (P < 0.001) , 
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TABLE 7 Significance of the polynomial function on reflectance data 
within each level of the factors considered, and comparison between funct
ions within factors. 

Factor 

Genetic type 

DLW 
ILW 
LxLW 
BLx(SPxLW) 
Lx(SPxLW) 
Camborough 
Hypor 
Suffolk 

Sex 

~ c! ) 
<t- <t-

Ham weight 

< 7 

7 -18 
8 -19 

> 9 

Muscle 

Gb 
St 
Sm 

class 

2 
R 

0.827* 
0.834* 
0.836* 
0.811* 
0.837* 
0.861* 
0.808* 
0.827* 

0.839* 
0.822* 

0.826* 

0.842* 
0.820* 
0.825* 

0.876* 
0.848* 
0.847* 

Comparison between 

functionsl 

BbDEF 
AaC 
AacE 
BDF 
AbcD 
A 
AbcF 
C 

AB 
A 

AB 
B 

A 

B 

C 

1 
Different letters between the levels of each factor mean that the 
functions are significantly different at P < 0.05 (small letters) or 

P <0.01 (capital letters). 

* P<O.OOI 
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FIGURE 1 The effect of genetic type of pig on the reflectance value of 
seasoned ham . Pig breed types are listed in Table 1. The spectrophotom
etric curves are fourth degree polynomial functions . 
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Lx LW was higher than BLx (SPxIW), and Suffolk was lighter in colour than 

all other genetic types. 

Sex 

Rheological and colour characteristics were similar in males and 

females (Table 6) , except adhesiveness which was higher in the ham of 

castrated males (P < 0.05). On the contrary sex was inportant in 

determining the chemical variables as the hams from entire females had 

less dry matter and Nacl (P < 0.001) and rrore protein and ash (P < 0.05) • 

The polynomial functions of the spectrophot.onetric curve (Fig 2) did not 

differ significantly retween the tvio sexes (Table 7). 

Ham weight class 

Weight significantly influenced the chemical composition of hams 

but not the rheological and colour characteristics, with the exception of 

the adhesiveness (Table 6). With increasing weight, the adhesiveness and 

sodium chloride percentage decreased (P < 0.05) , protein and fat content 

and energy value increased (P < 0.05) • 

The functions representing the spectrophot.onetric curves of the four 

ham weight classes (Fig 2) were not significantly different, with the 

exception that class 7 ~ 8 kg had a higher percentage reflectance 

especially in the red spectrum (600to 684 run) than class >9 (P< 0.001; 

Table 7). 

Muscle 

Differences among muscles were significant for all the characteris

tics considered (Table 6). The st, corrpared to the other muscles, was on 

average: (i) rrore tender and required less chewing energy but had 

higher cohesiveness; (ii) was lighter in colour i::han the Sm; (iii) had 

less protein and rrore fat and energy content. The Gb had a higher value 

for hardness, chewiness, ash and sodium chloride but a lower value for 

dry matter. 

The percentage reflectance varied (P <0.001, Table 7) among the 

three muscles considered: the Gb was lighter than the st, which in turn 

was lighter than the Sm at all wavelengths (Figure 2). 
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Figure 2 Polynomial functions of spectrophotometric curves in relation to 
ham weight class, sex and muscle 
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Interactions 

The significance of the interaction 'genetic type x sex' for sOIlE 

characteristics (Tables 2 and 8) was due to the fact that hams from 

castrated males, ccnpared to entire females, had higher adhesiveness in the 

DLW and ILW (p< 0.05) and lower in the Hypor (P < 0.05), were less 

):Jright in all genetic types with the exception of the three-way crosses 

and had higher fat content and consequently energy value in the BLx(SPxLW) 

and lower in the other types. 

TABLE 8 Mean valuesl within genetic type and sex for quality 
characteristics and chemical corrposition of seasoned hams 

Variable 

Genetic a:cll-J.esi veness brightness, fat'3 energy value 
type TU 2 % % on DM kcal/g of DM3 

(cf' (]f) !/, !/, (cf'd') !/, !j! (cf' 0') \! \! (cf'd') \! \! 

DLW 86.6 A 59.28 19.0 19.1 5.59 a 4.51 b 3.24 3.24 

ILW 86.1 a 65.1 b 20.3 20.5 6.20 6.47 3.29 3.33 

LxLW 76.4 66.7 18.5 20.3 5.03 5.06 3.20 3.21 

8Lx(SPxLW) 80.7 64.5 19.3 17.5 6.52 A 4.438 3.35A 3.238 

Lx(SPxLW) 73.6 60.3 18.9 17.5 6.48 7.39 3.33 3.41 

Camborough 80.9 79.5 18.7 a 20.9b 5.96 6.09 3.29 3.28 

Hypor 68.4 a 87.2 b 18.9 19.7 6.48 6.08 3.32 3.34 

Suffolk 72.0 76.0 20.1 20.9 6.01 6.85 3.27 3.32 

Mean with different superscripts are significantly different at P<0.05 (small letters) 

or P<O.OI (capital letters). 
2 TU = Texturometric Units. 
3 OM = Dry Matter. 

The interaction 'genetic type x ham weight class' s~ that 

variation in quality with increasing ham weight was different for each 

genetic type. Data in Table 9 showed that: 

(i) hardness was least in hams weighing >9 kg in the LxLW and Suffolk 

8 -- 9 kg in the Carntorough and 7 -- 8 kg in the other types i 

(ii) chewing energy was least in hams weighing 7 -. 8 kg in the three

way crosses I 8 -< 9 kg in the Carntorough and Suffolk and > 9 kg in 

the others; 

(iii) brightness values were highest in hams weighing < 7 kg in the Hypor I 

at 7 -0 8 kg in the DLW, LxLW, Ls (SPxLW) and Carntorough and at 



TABLE 9 Mean values l within genetic type and ham weight class for 
quality characteristics and chemical composition of seasoned hams. 

Genetic type 

OLW 
ILW 
LxLW 
8Lx(SPxLW) 
Lx(SPxLW) 
Camborough 

Hypor 

Suffolk 

OLW 
ILW 
LxLW 
8Lx(SPxLW) 
Lx(SPxLW) 
Camborough 

Hypor 

Suffolk 

OLW 
ILW 
LxLW 
8Lx(SPxLW) 
Lx(SPxLW) 
Camborough 

Hypor 

Suffolk 

Ham weight class (kg) 

< 7 

1. Hardness, kg 

6.9 ab 

6.3 

5.4 

6.3 

6.4 a 

5.6 

6.0 

5.6 

6.0 a 

6.4 b 

4.9 a8 

5.6 ab 

8-19 

6.6 ab 

6.1 

5.4 

5.9 

6.9 b 

6.1 8 

6.4 b 

5.5 b 

3. Chewiness, TU (2) 

6,873 

6,637 

5,307 

6,374 

12,176 A 

6,902 a 

6,995 

7,716 

5,931 

6,576 

5,929 

5,972 

6,5588 

4,245 Ab 

5,440 

5. Protein, , on DR 

7,091 

6,553 

5,765 

6,456 

6,634 

6,211 8 

7,501 8 

5,796 

>9 

7.4 b 

5.6 

5.3 

5.7 
6.1 ab 

6.2 b 

7.0 A 

5.4 b 

6,781 

5,894 

5,250 

6,651 

6,300 

6,2438 

7,8788 

5,201 

65.17 Aa 69.608 

66.52 A 67.61 a 
68.82 A8b 72.07C 

68.59 ab 69.91 8b 

69.31 

71.32 

66.18 a 

69.36 
67.14a 

68.86 

69.91 

69.26 

68.86 

67.58 a 69.15b 

68.45 ab 69.02 b 

70.32 68.60 

67.98 

69.65 

68.98 ab 

69.36 b 

69.01 

66.i5A 68.27 ab 69.258b 

< 7 7-18 8-19 

2. Springiness, mm 

16.3 A8 

17.2 

16.8 
16.3 ab 

20.7 

16.6 

16.2 

18.7A 

18.0 

18.0 

16.4a 

17.0 

17.2 

16.3 

16.6 

18.3 A 

17.7 

17.3 
18.2 ab 

15.8 

17.1 

17.4 

16.9 

4. Dry .atter (OM), , 

40.4Aa 

40.0Aa 

38.2a 

37.4 

40.7 A 

38.5a 

36.5 

37.8 b 

37.7 b 

37.7 ab 

37.4 

38.8 

37.48 

36.2 b 

36.6 

6. Fat, , on DR 

5.91 A8 

6.87 a 

4.55 

3.48 Aa 

6.79 

7.01 A 

6.46 

3.96A 

7.00 A 

5.21 

5.61 b 

6.92 

5.59 

3.64B 

7.03 

38.0b 

38.4A 

36.5 b 

37.7 

37.7 

37.68 

38.1a 

37.5 

5.93B 

7.06 A 

5.20 
6.448 

6.61 

6.21 

6.42 A 

6.63 

407 

>9 

14.98 

17.2 

16.9 

19.0b 

16.3 

17.4 

18.1 

16.4 

37.1 8 

36.98 

36.8ab 

37.5 

37.8 

37.1 8 

37.3ab 

37.3 

5.1OA8 

5.018b 

5.31 

6.36 B 

7.28 

5.93 

6.64A 

5.61 

7. Ash, , on DR 8. Energetic value, kcal/g of OM 

OLW 
ILW 
LxLW 
8Lx(SPxLW) 
Lx(SPxLW) 
Camborough 

Hypor 

Suffolk 

2.66 a 

2.47 

2.33 a 

2.25 a 

2.38 ab 

2.04 Aa 

2.76 ab 

2.92 A 

2.60 

2.42A 

2.36 ab 

2.13 

2.62 ab 

2.63 b 

2.48 a 

2.69 A 

2.26 

2.908b 

2.41 ab 

2.11 

2.32 a 

2.768 

2.45A 

2.008b 

2.45 

2.55 ab 

2.71 b 

2.18 

2.71 b 

2.50b 

2.958b 

3.14a 

3.28A8 

3.18 

3.17Aa 

3.26 

3.40A 

3.27 

3.14A 

3.33 A8 

3.22 

3.30ab 

3.33 

3.24 

3.148 

3.30 

3.298 

3.38A 

3.24 

3.33b 

3.36 

3.32 

3.32 A 

3.33 

3.348b 

3.258 

3.20 

3.368 

3.41 

3.31 

3.36A 

3.27 

Means with different superscripts are significantly different at P<0.05 (small letters) 
or P<O.Ol (capital letters). 

TU = Texturometric Units. 
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8 ---I 9 kg in the other genetic types; 

(iv) dry matter was highest in hams "Weighing on average 6.5 kg in five 

genetic types, 7.5 kg in the Lx(SPxLW) and 8.5 kg in the BLx(SPxLW) 

and Suffolk; 

(v) protein content was highest in hams "Weighing <7 kg in the LxLW, 

7 -t 8 kg in the om, BLx (SPxLW) and Hypor, 8 -t 9 kg in the 

Carnrorough and >9 kg in the OLW, Lx (SPxLW) and Suffolk; 

(iv) fat content was highest in hams "Weighing < 7 kg hams from 

Carnrorough and Hypor, 7 -t 8 kg from Suffolk, 8 -t 9 kg from om, 

ILW and BLx (SPxLW) and>9 kg from LxIW and Lx (SPxLW) ; 

(vii) energy value was highest in the first "Weight class for the Hypor, in 

the third class for the 1m, LxIW and Suffolk and in the last class 

for the other types. 

CCNCLUS1CNS 

Significant effects of genetic type, sex and ham "Weight on the 

quality and chemical cO!tp)sition of seasoned hams ~e found. An errpirical 

index was constructed by making the 'best' value of each characteristic 

equal to 100. Thus the lowest values of chewiness, adhesiveness, 

sodium chloride content and brightness and the highest values of dry 

matter, protein and fat content ~e scored 100 because these are the 

qualitative characteristics that mainly influence the palatability of a 

ham. The choice of the lowest value for brightness was justified by 

panel assess:rrent (Matassino et al., 1985a,b). 

Overall scores (Table 10) showed that hams from Lx(SPxLW) had the 

best characteristics with an index of 88, followed by the BLx (SPxLW) , 

Suffolk and 1ilil (84.4), Hypor (83.6), LxLW (83.3), Carnrorough (82.4) and 

finally om (81.9). However, the order of rrerit was different within sex 

or within ham "Weight category. Ham from entire females, conpared to that 

from castrated males, was better if it carre from ILW, OllV, LxLW, 

Lx (SPxLW) and Suffolk, and worse if it carre from BLx(SPxLW), CarnOOrough 

and Hypor. The highest index value was reached at ham "Weights of 7 - 8 

kg in the IilV, at 8 - 9 kg in the Carnrorough and Suffolk, and at > 9 kg 

in the other types. Therefore, this interactive effect confirrred the 

results of Quadri et al. (1981) and Matassino et al. (1985a,b) that each 

genetic type provided ham with the best qualitative characteristics at a 

given "Weight, which was always arove 7 kg. 
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TABLE 10 Quality scores for seasoned ham, using an enpirical index 
in which the rest value for each quality characteristic was set at 100. 
Results are overall scores for eight pig genetic types as well as scores 
within sex and weight categories 

-----------
Sex Hams weight class, kg 

Genetic type 
(d'd') I I I 

Total 
00 <: 7 7--.8 8--.9 >9 + + 

DLW 80.9 84.0 80.4 78.7 83.2 85.1 81.9 

ILW 82.5 86.8 82.4 90.4 85.0 83.4 84.4 

LxLW 82.9 83.7 81.9 81. 7 85.4 85.9 83.3 

BLx(SPxLW) 85.6 83.7 82.2 83.0 86.6 87.6 84.5 

Lx(SPxLW) 86.4 89.9 85.7 86.8 92.6 88.0 

Camborough 83.7 81.4 78.9 82.4 84.4 83.6 82.4 

Hypor 84.8 83.1 82.9 83.7 85.3 84.2 83.6 

Suffolk 83.8 85.1 83.3 84.6 85.0 85.7 84.4 

Total 83.8 84.7 81. 7 83.8 85.2 86.0 
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The eating quality of seasoned hams from eight pig genetic types was 
evaluated using a sensory panel. The results sh~ that the factors 
examined (genetic type, sex, ham Vleight category and panellist) had 
significant effects on the organoleptic characteristics of the ham. The 
effects of sex and ham Vleight on rreat quality varied 1::etVleen genetic types. 
It was concluded that the production standards for 'Modena' and 'Parma' 
hams should 1::e re-examined in light of these results to ensure a quality 
seasoned ham from the genetic types of pig that are in use. 

INTRODUCTICN 

The increasing demand for fresh pork in the past few years has 

influenced rearing techniques and choice of genetic types, in order to 

obtain pigs of 100 to 120 kg live Vleight, characterized by a low feed 

conversion index, a higher daily Vleight increase and a lower percentage of 

fat tissue. This trend has influenced the production cycle of heavy pigs 

suitable for the pork industry. In fact, these pigs, selected for fresh 

marketing,show serre qualitative and quantitative improverrents but the rreat 

is less suitable for processing and preserving. These considerations 

concern the whole carcass but particularly the ham, since this cut 

represents nearly 40 per. cent of the corrnercial value of the carcass and 25 

per cent of its Vleight. 

To obtain quality products, particularly hams, the pork industry 

asks for pigs of al:out 150 kg live Vleight; the age at slaughter is also a 

very important factor to achieve a ham that qualifies as 'very good'. The 

main qualitative and quantitative characteristics of seasoned ham 

(seasoning period, rrorphological aspects, etc.) are influenced, arrong other 

things, by genetic type, sex, Vleight and age at slaughter (Quadri et al. 

1981). 

Several other factors are important in detennining the organoleptic 

characteristics of seasoned ham, as shown by taste panel procedures. For 

exarrple, rruscle biochemistry is an important factor in detennining the 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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flavour: a low pH, generally associated with PSE (pale, soft, exudative) 

neat, caused too rapid dehydration during ham seasoning (Kauffman et al., 

1978) and consequently the neat was saltier (Goutefongea et al., 1978); 

on the contrary, DID (dark, firm, dry) neat with a high pH is unsuitable 

for seasoning l:ecause it absorbed less salt (Goutefongea et al., 1978) and 

had a l~ panel score for arana (Lawrie 1983). Another ilrportant factor 

is rrechanical massaging of hams at the l:eginning of the seasoning period. 

This technique (Weiss, 1973; Krause et al., 1978a, b; Gillett et al., 

1982; Kemp and Fox, 1985) improved the qualitative characteristics of 

hams (colour, tenderness, flavour, juiciness, etc.), although Marriott et 

al. (1984) found no significant advantages. 

Additives such as sodium nitrite, nitrate, ascorbate or potassium 

chloride produced marked changes in colour and taste (Watts and Lhemann, 

1952; Brawn et al., 1974; 

1981; Hand et al., 1982; 

Price and Greene, 1978; Vollmar and Melton, 

Froehlich et al., 1983), also the growth of 

certain microorganisms during seasoning produced hams with a much 

appreciated aroma (Baldini et al., 1983; Lawrie, 1983). 

The aim of this study was to show, by using a sensory panel, 

possible differences due to the sources of variation considered and to 

corrpare subjective evaluations to those obtained using objective nethods 

(Matassino et al., 1985a, b, c; Zullo and Quadri, 1985). 

MATERIAIS AND METHODS 

The trial used 140 hams taken from the right side of 72 castrated 

males (0 6) and 68 entire females .~~' of eight genetic types. The hams 

~e grouped into four ~ight classes « 7, 7 - 8, 8 - 9 and > 9 kg) 

(Table 1) . The rearing technique and the feeding plan ~e reported by 

Bergonzini et al. (1982). 

The hams ~e tr:iImed, salted using rredium grain kitchen salt and 

put in a refrigerator cell at 1 to 30e with 85 to 95% relative humidity 

(RH). After 4 to 5 days the residual salt was renoved and a second 

salting was rnade,after a rrechanical massage to re-establish the perrreab-

ility of the muscle fibers. The total tine was 18 to 24 days, depending 

upon ham ~ight and conditions in the refrigerator. Subsequently, the 

residual salt was renoved and the hams ~e put in the 'resting' cell at 

1 to 40 e and 70 to 80% RH for 35 days, to allow a gradual dehydration and 

a uniform penetration of the salt. After this second period, the hams 
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~e washed using warm water jets and, after dripping at roan terrperature, 

put in the 'dry' cell at 24 to 250C and 85 to 90% RH (these values changed 

to 15 to l80 C and 80 to 85% RH after 60 to 100 hours). The hams ~e then 

put in the 'first seasoning' cell (18 to 200 C; 60 to 70% RH). Then, 

after srrearing the part not covered by rind with a mixture of lard, wheat 

flour and pepper, the hams ~e placed in special rooms till the end of 

the seasoning period. This was determined for each ham on the basis of a 

subjective evaluation of the consistency, colour, presence of rrould, etc. 

At the end of the seasoning period, established by an expert using 

the 'whaleJ:xme needle' test, the hams ~e roned and dissected using the 

'Modena' cutting system into 'pera', 'falsa pera' and 'gambo' (see Fig 1 

in Santoro and Lo Fiego - this volurre). A 10 em thick semple, including 

M. gluteobiceps (Gb), M. semitendinosus (St) and M. serninembranosus (Sm), 

was collected from the middle of 'pera'. Slices ~e cut from the distal 

part of the semple using a slicing machine and judged by six panellists 

using the evaluation form reproduced in Table 2. The statistical 

analysis included an examination of the rrean panel scores on colour, 

uniformity of colour and tenderness for the three separate muscles. 

An analysis of variance was made according to the follOWing 

factorial nodel where the factors are considered fixed and the effect of 
each factor is expressed as deviation from the overall mean 11: 

Yijklm 11+ a i + Pj +)\ + 01 + (ap)ij + (aY)ik + (aO)il + 

+ (PY)jk + (PO)jl + (yO\l + fijklm (1) 

where: y, 'klm = the score given by the 1 th panellist on the mth ham 
1J th th th 

belonging to the i genetic type, j sex and k weight class. The 

other interactions ~e not included in nodel 1 because their explanation 

v.uuld be difficult; however, all types of interaction ~e taken into 

account for the 'estimated ITEans' calculation, because every ITEan is a 

value weighted for all the other factors considered as single or inter

active effects (Matassino et al., 1984). For this purpose the nodel used 

for the ITEans estimation was: 

Y"kl = (apyo), 'kl +8, 'kl lJ m lJ lJ m (2) 

The differences between ITEans ~e tested with Student's 

t-distril:ution. 

RESULTS 

An analysis of variance showed that the factor 'panellist' and the 
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TABLE 2 Panel evaluation form for seasoned ham. 

A 

1 

2 

3 

4 

5 

C 

1 

2 

3 

4 

E 

1 

2 

3 

G 

1 

2 

3 

4 

5 

I 

1 

2 

3 

4 

RATIO OF FAT TO LEAN B COLOUR OF MUSCLESl 

Gb st Sm 
Much too fat 0 1 Much too dark DOD 
Moderately too fat 0 2 Moderately too dark DOD 
Ideal 0 3 Ideal DOD 
Moderately too lean 0 4 Moderately too pale DOD 
Very much too lean 0 5 Huch too pale DOD 

COLOUR OF EXTERNAL FAT D UNIFORMITY OF MUSCLEl COLOUR 

Gb st Sm 
Entirely satisfactory 0 1 Not two toned DOD 
Satisfactory 0 2 Two toned DOD 
Dislike 0 3 Extremely two toned DOD 
Dislike extremely 0 

AROMA F SALTINESS OF MUSCLESl 

Gb St Sm 
Very aromatic 0 1 Not enough salt DOD 
Aromatic 0 2 Just enough salt DOD 
Slightly aromatic 0 3 Moderately salty DOD 

4 Excessively salty DOD 

TENDERNESS OF MUSCLES l H TOTAL SALTINESS 

Gb St Sm 
Very tender DOD 1 Not enough salt 0 
Tender DOD 2 Just enough salt 0 
Ideal DOD 3 Moderately salty 0 
Slightly tough DOD 4 Excessively salty 0 
Tough DOD 

JUICINESS J OVERALL ACCEPTABILITY 

Very juicy 0 1 Like extremely 0 
Juicy 0 2 Like moderately 0 
Slightly juicy 0 3 Like slightly 0 
Dry 0 4 Dislike 0 

1 Gb M. gluteobiceps; st = M. semitendinosus; Sm = M. sem:i.Irem
branosus 
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interactions 'genetic type x sex' and 'genetic type x 'Weight class' 

significantly affected the quality of seasoned ham (Table 3). By 

considering the cOlT\POnents of variance (Table 4) it was deduced that: 

(a) 'pane11ist' absorbed most of the total variability for almost all the 

attrirutes, reaching the highest value for fat colour (40%); (b) the 

'ham 'Weight class' was irrportant for the ratio of fat to lean (12%) and 

juiciness (7%); (c) 'genetic type', 'sex' and almost all the interactions 

absorbed little of the total variability, except for the interactions (i) 

'genetic type x sex' for maat colour (4%) and (ii) 'genetic type x ham 

'Weight class' for the ratio of fat to lean (10%), colour unifonnity and 

overall acceptability (8%) and juiciness (6%). 

The effect of single factors was evaluated by the significance of 

the differences bet'Ween the rreans calculated according to model 2. The 

coefficient of variabi1ity(c.v. = 0/ x)was less than 10% for all variables. 

1 

TABLE 3 Analysis of variance of the organoleptic quality of seasoned 
ham in relation to genetic type, sex, ham 'Weight and panellist. 

Variable 

Ratio of fat lean 

Colour of muscles 

Colour of external fat 

Uniformity of colour of muscles 

Aroma 

Tenderness of muscles 

Total saltiness 

Juiciness 

Overall acceptability 

interaction 

genetic type x 
sex 

1.3 

4.1*** 

3.3** 

2.9** 

1.5 

0.7 

0.4 

1.6 

2.5* 

genetic type x 
ham weight class 

5.5*** 

2.2*** 

2.5*** 

3.5*** 

1.1 

2.1*** 

2.4*** 

2.9*** 

3.6*** 

* = P<0.05; ** = P<O.Ol; *** = P<O.OOl. The effects of 'pane11ist' 
and of the other interactions are not reported because the forrrer is 
significant (P <0.001) and the latter non significant for all the 
variables. 
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Genetic type 

Differences be~ genetic types ~e significant for all quality 

characteristics. Tables 5 and 6 show that: 

(i) DLW hams had an 'ideal' ratio of fat to lean and ~e significantly 

different from the other types (except ILW and Suffolk) which ~e 

judged to be too fatty; 

(ii) IlEat colour varied from' ideal' to 'rrOOerately too pale' for all 

genetic types; however DLW hams ~e lighter than others (P < 0.05) ; 

(iii) concerning fat colour, no genetic type was 'entirely satisfactory': 

hams from LxLW and Carntorough ~e the best and those from BLx 

(SPxLW) the worst (P < 0.05) ; 

(iv) the hams from all genetic types ~e two toned in colour; this 

attriWte was rrost evident in Suffolk hams (P < 0.05) ; 

(v) the aroma of the hams did not differ between genetic types; 

(vi) the ham was 'rrOOerately salty' in all genetic types and especially 

in Suffolk (P <0.05) ; 

(vii) hams from DLW and Hyper ~e significantly the least juicy; 

(viij) concerning 'overall acceptability', none of the genetic types ~e 

judged 'excellent' rut all the assessItEnts varied significantly from 

'like slightly' to 'like rrOOerately'; however, the ILW hams scored 

best. 

TABLE 5 Mean values within pig genetic type for organoleptic attributes 
of seasoned hams. 

Genetic type 
Variable I DLW ILW LxLW BLx(SPx Lx(SPx Cambo- Hypor Suffo lk 

xL\i) xLW) rough 

Ratio of fat to lean 3.0 2.9 2.3 2.5 2.4 2.6 2.4 2.8 
Colour of muscles 4.0 3.7 3.4 3.6 3.6 3.7 3.9 3.8 
Colour of external fat 2.3 2.4 2.2 2.5 2.3 2.2 2.3 2.3 
Uniformity of muscles' colour 2.1 2.2 2.1 2.3 2.1 2.3 2.2 2.4 
Aroma 2.2 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
Tenderness of muscles 2.8 2.8 2.5 2.5 2.7 2.5 2.7 2.5 
Total saltiness 2.6 2.4 2.4 2.6 2.5 2.5 2.4 2.7 
Juiciness 2.4 2.3 2.2 2.2 2.2 2.2 2.4 2.3 
Overall acceptability 2.9 2.6 2.7 2.9 2.8 2.8 2.7 3.0 

I The hedonic scales are given in Table 2. 
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Sex 

Differences ~e observed for sorre attril::utes; in particular, 

female hams ~e nore 'tv.o toned' in colour, nore tender and less salty 

(Table 7) • 

Ham weight class 

This factor had a great influence on panel assessments (Table 7). 

With increasing weight of hams: 

(i) the fat to lean ratio varied from 'ideal' in the first three 

classes of weight to 'noderately too fat' in the heaviest class 

(P < 0.01) ; 

(E) rreat colour becarre lighter and nore unifonn while the colour of 

external fat tended to be disliked. 

(iii) the aroma score rose, rut tenderness varied from' ideal' to 

'tender' ; 

(iv) total saltiness varied from 'noderately salty' in the first tv.o 

weight classes to 'just enough salt' in the following tv.o classes 

(P<0.05); 

TABLE 7 Mean values within sex and within ham weight class for the 
organoleptic properties of seasoned haml 

Sex 
Variable 

Ratio of fat to lean 2.7 2.6 

Colour of muscles 3.7 3.8 

Colour of external fat 2.3 2.3 

Uniformity of muscle colour 2.1A 

Aroma 

Tenderness of muscles 

Total saltiness 

Juiciness 

Overall acceptability 

2.3 2.3 

2.7a 2.6b 

2.6a 2.5b 

2.3 2.2 

2.8 2.8 

Ham weight class, (kg) 

<: 7 7-<8 8-<9 :> 9 

3.2A 2.8B 2.7B 2.0C 

3.6A 3.7a 3.7a 3.8Bb 

2.2 2.4 2.3 2.4 

2.4Aa 2.3b 2.3B 2.2B 

2.8Aa 2.7A 2.6b 2.5Bc 

2.7A 2.6a 2.4Bb 2.4Bb 

2.5A 2.3aB 2.2B 2.2Bb 

3.1A 2.8B 2.7B 2.8B 

1 The hedonic scales are given in Table 2. Means with different 
superscripts, within the factor, are significantly different at P<0.05 

(small letters) or P<: 0.01 (capital letters). 
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(v) juic:iness :increased progressively, show:ing significant irrproverrent 

between the first and the follow:ing classes; 

(vi) 'overall acceptability' was significantly better at the three 

heavier ham weights cOJ.Tg?ared with the lightest. 

Panellist 

There was significant variation between panel judges. This result 

does not :invalidate the panel which, on the whole, provided useful 

infonnation on the :influence of the other sources of variation. Moreover, 

as reported by Tornassone and Flanzy (1977), the assessor, :in this kind of 

test, behaves as an :instrulrent with variable sensitivity of rreasurerrent. 

Nonetheless, the result emphasises the importance of f:ind:ing instrulrents 

able to furnish mean:ingful objective assessments of the organoleptic 

characteristics of the food. 

Interactions 

The :interaction 'genetic type x sex' affected only four of the n:ine 

attrihItes considered (Table 8). The castrated males, conpared to entire 

females, showed: 

(i) a lighter nuscle colour :in the DLW, LxLW and Carnborough hams; the 

contrary :in the other types; 

(E) fat colour less satisfactory :in DIW, LxLW and Hypor hams; vice 

versa :in the other types; 

(iii) more uniformity of colour :in all the genetic types with the 

exception of DIWi 

(iv) lower 'overall acceptability' for hams from DIW, IIW and LxLW. 

The :interaction 'genetic type x ham weight class' was statistically 

significant for most organoleptic characteristics. Table 9 shows that: 

(i) the fat to lean ratio nearest to 'ideal' was obta:ined at a ham 

weight < 7 kg from BLx (SPxLW) , at > 9 kg from IIW and at 7 --r 8 kg 

from the other genetic types; 

(ii) the most appreciated colour of nuscle occurred at the two extreme 

ham weight classes :in ILW, at 7.5 kg :in Lx (SPxLW) and at 7 to 9 kg 

:in Hypor and Suffolk; 

(iii) fat colour was more satisfactory :in ILW hams weigh:ing 9.5 kg on the 

average, :in those from DIW and Hypor weigh:ing 6.5 kg and at 8.5 kg 

:in LxLW, Carnborough and Suffolk; 
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TABLE 8 Mean org~oleptic values for seasoned ham within pig genetic 
type and within sex • 

Variable 

Genetic colour of 

I 
colour of uniformity of overall 

type muscles external fat muscles' colour acceptability 
( rl'if) n ( 0" 0") ~ ~ ( cf cf) ~ ~ I ( r1' rJ') ~ ~ 

DLW 4.1 4.0 2.4 2.2 2.2 A 1. 98 3.0 2.8 

ILW 3.7 3.8 2.4 2.5 2.1 2.3 2.8 a 2.5b 

LxLW 3.5 3.4 2.6 A 2.08 2.1 2.1 2.9 a 2.5 b 

8Lx(SPxLW) 3.3A 3.88 2.4 2.5 2.2 2.3 2.8 2.9 

Lx(SPxLW) 3.6 3.7 2.3 2.3 2.0a 2.2 b 2.7 2.8 

Camborough 3.9a 3.5b 2.1 2.3 2.1 a 2.4 b 2.7 3.0 

Hypor 3.9 3.9 2.4 2.2 2.1 a 2.3 b 2.6 2.8 

Suffolk 3.5A 4.1 8 2.3 2.3 2.2a 2.5 b 3.0 3.0 

For the meaning of hedonic scales see Tab Ie 2. Means with different superscripts are 

significantly different at P<0.05 (small letters) or P<O.OI (capi tal letters). 

TABLE 9 Mean values within the genetic type and within ham weight 
class l • 

Genetic Hams I~ight Glass, (kg) 

type <7 7- 8 8-9 >9 <7 7- 8 8-9 >9 

1. Ratio of fat to lean 2. Colour of .uscles 

DLW 4.2Aa 3.18 3.2A8b 2.2C 4.3 4.0 4.0 4.0 

ILW 3.4Aa 2.38 2.7b 3.1A 3.6 3.7 3.9 3.6 

LxLW 2.4a 2.9A 2.5A 1.58b 2.9 Aa 3.5b 3.68 3.88 

8Lx(SPxLW) 3.1 A 2.6A 2.6 A 1. 78 3.4ab 3.6ab 3.4a 3.8b 

Lx(SPxLW) 2.5 2.4 2.1 3.5 3.7 3.6 
Camborough 3.2A 3.0A 2.7A 1. 98 2.7A 3.88 3.6a8 4.1 8b 

Hypor 2.7 a 2.8 a 2.3 ab 2.1 b 4.0 3.8 3.8 3.9 
Suffolk 4.0A 2.98 2.78 1.5C 3.9 3.7 3.7 3.9 

3. Colour of external fat 4. Unifor.ity of .uscles colour 

DLW 1.8a 2.3 ab 2.5b 2.4b 2.7 Aa 2.2AbC 2.0 8C 1.88 

ILW 2.4 A8 2.7 A 2.5A8 2.38 1. 9a 2.1 ab 2.3b 2.3 b 

LxLW 2.2 A8 2.2 A8 2.0A 2.58 2.2 2.0 2.2 2.0 
8Lx(SPxLW) 2.2 a 2.4ab 2.6 ab 2.7b 2.1 ab 2.4 ab 2.1 a 2.4b 

Lx(SPxLW) 2.5Aa 2.2b 2.1 8 2.2 a 2.0b 2.1 ab 

Camborough 2.5 2.2 2.2 2.2 2.3 2.3 2.2 2.2 
Hypor 2.2 2.3 2.3 2.3 2.3 a 1.8 Ab 2.2 a 2.38 

Suffolk 2.3A8 2.4A 2.08 2.5A 2.5 2.3 2.3 2.4 
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TABLE 9 continued 

Genetic ham weight class, (kg) 

type <7 7-l8 8-l9 >9 <7 7-18 8-l9 >g 

5. Aro.a 6. Tenderness of .uscles 

DlW 2.3 2.2 2.3 2.1 3.3A 2.8 a 2.9 a 2.58b 

IlW 2.5 a 2.1 b 2.3 ab 2.2 ab 3.1 a 2.9 ab 2.7 b 2.8 ab 

lxlW 2.4 2.3 2.3 2.2 2.6 a 2.7 A 2.6 A 2.1 8b 

8lx(SPxLW) 2.5 a 2.3 ab 2.1 b 2.2 ab 2.9 A 2.4 A8 2.4 A8 2.38 

Lx(SPxLW) 2.3 2.2 2.4 2.gA 2.7 A8 2.58 

Camborough 2.5 2.3 2.3 2.1 2.5 ab 2.7 A 2.6 a 2.2 8b 

Hypor 2.3 2.5 2.3 2.2 2.8 2.6 2.7 2.8 

Suffolk 2.5 2.2 2.3 2.3 2.7 2.4 2.4 2.7 

7. Total saltiness 8. Juiciness 

DLW 3.2Aa 2.6 b 2.8 A 2.38 3.3A 2.3 a8 2.38 2.1 8b 

ILW 2.5 2.6 2.3 2.3 2.4 2.3 2.3 2.2 

LxLW 2.6 2.5 2.4 2.3 2.3 2.3 2.1 2.0 

8Lx(SPxLW) 2.7 2.5 2.5 2.6 2.7 A 2.1 8 1. g8 2.1 8 

Lx(SPxLW) 2.7 Aa 2.38 2.4b 2.5 Aa 2.1 8 2.1 b 

Camborough 2.7 ab 2.6 a 2.5 ab 2.2 b 2.0 2.3 2.2 2.1 

Hypor 2.6 2.4 2.3 2.4 2.6 A 2.1 8 2.4 A8 2.28 

Suffolk 2.7 A8 2.7 A8 2.5A 3.08 2.5 a 2.2 ab 2.2 b 2.5 a 

9. Overall acceptability 

DLW 3.7Aa 2.78 3.0b 2.78 

ILW 2.8a 2.7 ab 2.gA 2.3 8b 

LxlW 2.7 2.7 2.5 2.8 

8lx(SPxlW) 3.2A 2.9 a 2.3 8b 3.0A 

lx(SPxlW) 3.l Aa 2.58 2.7 b 

Camborough 3.0 2.9 2.9 3.7 

Hypor 3.2A 2.58 2.58 2.58 

Suffolk 3.1 ab 2.8 a 2.8 a 3.2 b 

For the meaning of hedonic scales see Table 2. Means with different superscripts are 
significantly different at P<0.05 (small letters) or P<O.Ol (capital letters). 
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(iv) tenderness was 'ideal' if obtained at the extrerre classes of weight 

in Hypor and Suffolk, at 8 --i 9 kg in DLW and at 7 ---i 8 kg in other 

types; 

(v) the 7 -l8 kg hams from BLx(SPxLW), those >9 kg from DLW, ILW, 

LxLW and Ca:mI:x:>rough, and those weighing 8 -l 9 kg from the other 

genetic types were judged 'just enough salt' ; 

(vi) overall, the rrost appreciated ham was the one weighing 7 ---< 8 kg in 

DLW, Hypor and Suffolk, 8 --4 9 kg in Hypor, Suffolk, LxLW, 

Lx (SPxLW) and BLx (SPxLW) , > 9 kg in DLW, ILW, Ca:mI:x:>rough and 

Suffolk. 

CCNCLUSlOOS 

The factors examined in this paper had statistically significant 

effects on the qualitative characteristics of seasoned ham. A rreat 

quality score was derived taking into account the effect of interactions 

previously discussed, by constructing an 'errpirical index' in which a 

score of 100 represented the 'best' or 'ideal' judgerrents on the hedonic 

scales. Arrong the eight genetic types, the ILW was best with an index 

value of 71.4, followed by the LxLW (70.2), Lx(SPxLW) (69.6) and Suffolk 

(67.3), (Table 10). 

Regarding the index values within sex, it was again confirrred that 

ILW was superior for the castrated males while for the females the best 

genetic type was LxLW. Moreover, DLW, LxLW and Ca:mI:x:>rough females had an 

index higher than that of males from the other genetic types. 

Overall, the index was higher in the t\\IO interrrediate classes of ham 

weight and lower in the extrerre ones. However, each genetic type 

perforrred best at different live weights and, consequently, at different 

ham weights: the DLW and ILW were best at ham weights > 9 kg, the three

way crosses and the t"\\O corrmercial hybLids Ca:mI:x:>rough and Suffolk at 

8 --t 9 kg and finally the LxLW and Hypor at 7 ---i 8 kg. 

An interesting conclusion from the carnercial point of view, is that 

none of the genetic types studied provided a seasoned ham below 7 kg which 

received a high index value either on a single attrioote or on the overall 

acceptability score. This result suggests that producers of seasoned 

hams should re-examine the standards of 'Modena' and 'Parma' hams in 

order to obtain a qualitatively superior product. 

Finally, the superiority of DLW and ILW pigs could be explained by 



TABLE 10 Ham quality index values within and independently from the 
factors considered. 

Sex Ham weight class, (kg) 
Genetic type 

(d'd') 00 <7 7-18 8-19 >9 
+ + 

DLW 67.5 69.9 54.0 69.7 67.8 70.3 

ILW 72.0 71.5 69.3 69.1 69.2 73.9 

LxLW 66.7 72.3 69.6 71.9 71. 7 66.0 

BLx(SPxLW) 70.1 67.2 67.7 68.8 72.0 63.7 

Lx(SPxLW) 69.5 69.2 67.3 72.5 69.0 

Camborough 69.0 70.4 69.3 69.6 70.2 67.5 

Hypor 69.0 67.6 66.1 71.4 68.8 68.9 

Suffolk 68.8 65.4 61.9 68.8 69.5 59.2 

Total 69.3 68.8 67.5 69.2 70.7 67.4 
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Total 

69.5 

71.4 

70.2 

67.7 

69.6 

69.0 

67.9 

67.3 

the genetic :inproverrent perforrred to rreet the needs of the pork industry 

for the production of hams with organoleptic characteristics that are 

particularly appreciated by consurrers. 
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In the present study data are reported concerning hams from 
halothane negative and halothane positive crossbred pigs, slaughtered at 
arout 130 kg live weight. Seasoning losses were higher in hams fran 
halothane positive pigs, rut the difference was not statistically 
significant. Also separation into roneless cuts and laroratory analysis 
did not show significant differences. Meat processing teclmiques probably 
prevented the detection of rreat quality differences between the seasoned 
products from halothane negative and positive pigs. Moreover, even 
though halothane positive pigs produce poorer quality fresh rreat, it is 
not easy to ascertain to what extent the tendency towards PSE rray cause 
problems during processing and seasoning. 

INTRODUCrIOO 

These data are part of a rrore extensive research prograrme airred at 

evaluating carcass and rreat characteristics in heavy pigs intended for the 

processing industries. 

Previously Santoro (1982) Santoro et al. (1982) Camporesi et al 

(1982) and Santoro (1983) studied carcass and rreat characteristics in pigs 

of ca. 130 kg live weight which were sul::mitted to a halothane test 

between nine and thirteen weeks of age. Halothane positive pigs produced 

carcasses with a greater proportion of lean cuts and a lower percentage of 

adipose tissue. The rreat from halothane positive anirrals, hO<t.ever, showed 

a tendency to PSE at least for rreasurerrents in M. longissimus dorsi. 

The data reported here refer to rreasurerrents taken on the ham 

throughout seasoning, at separation into roneless cuts and subsequently 

during laroratory analysis. Separation data are given since in Italy the 

ham is saretirres dissected at the end of the seasoning period and 

rrerchandised in roneless pieces. 

MATERIALS AND METHODS 

A total of 35 raw hams from the right sides of carcasses produced 

by crossbreeding Belgian Landrace (BL) and Large White (LW) - BLo'x(BL x 

LW) ~ -, were studied. The anirrals, classed as halothane negative 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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430 

(9 castrated males and 9 females) and halothane positive (9 castrated 

males and 8 females) , \<Jere slaughtered at ca. 130 kg live weight. 

The data concerning the characteristics of carcass and !lEat quality 

in the pigs on trial have already teen reported in the wrk IIEntioned 

arove. During the entire seasoning period the hams \<Jere kept under 

control. They \<Jere weighed after 8 nonths and at the end of seasoning 

(12 nonths). Subsequently the seasoned hams, Parma type, \<Jere divided 

into three toneless cuts: 'falsa pera', 'pera' and gamt:o' (Fig 1), as is 

frequently done in practice (Quadri et al., 1981). On the freshly cut 

surface of the -'falsa pera', !lEat colour was detennined by the ~, ~, Q 

values of the Hunter system using the Hunterlab D25D2M colour !lEter 

(Santoro et al., 1978; Santoro, 1980; Santoro, 1984) and pH by !lEans of 

a portable pH !lEter. Suh3equently a sarrple of lean neat was taken for 

chemical analysis. Other sarrples, obtained from the centre of the 

'falsa pera' surface, \<Jere used to detennine Il\YCXJlobin concentration 

(Wierbicki et al., 1955), sodium chloride content (A .. O.A.C., 1975) and 

water activity (Aw) (Lerici et al., 1981). 

RESULTS AND DISCUSSICN 

Data taken on fresh hams and during seasoning are presented in 

Table 1. No substantial diffeJ:"ences \<Jere found between hams from pigs 

classed as halothane negative or halothane positive. The higher trimning 

losses recorded in the hams from halothane negative pigs (P< 0.05) can be 

ascribed to a larger quantity of covering fat in the pigs from this group. 

In fact, previous results from carcass cutting indicated that the sane 

non reactors had a higher percentage of fat and a significantly lower 

percentage of lean (Santoro, 1982; Santoro, 1983). 

Although pHl values \<Jere lower in hams from halothane positive pigs 

(P < 0.01), they did not give substantially wrse results during seasoning, 

at least with regard to the few data reported in Table 1, except for a 

greater, rut not significant, seasoning loss. 

On separation of the seasoned ham into toneless retail cuts, no 

statistically significant differences \<Jere found between halothane negative 

and positive pigs (Table 2). The hams from reactors had a higher percent

age of the nost valuable cuts (' pera' and 'falsa pera') and hence a lower 

percentage of the 'gamt:o', although the differences \<Jere not significant 

at P< 0.05. 

Chemical composition and neat quality characteristics \<Jere not 



falsa 
pera 

- ..... 

pera 

Fig. 1 Method of separation of the seasoned ham into boneless 
retail cuts. 
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significantly different l:etvJeen the tw groups of pigs (Table 3). The hams 

fran halothane positive pigs appear to have less intranuscular fat content. 

This may suggest a less delicate flavour of the seasoned rreat obtained 

fran these animals. H~ver, this difference is too far fran the rninilrum 

level of statistical significance to draw definite conclusions. The 

results suggest that processing techniques may prevent the detection of 

differences l:etvJeen the rreat from negatively and positively reacting 

animals. 

CCNCLUSICliIS 

Although fresh rreat from pigs with a positive halothane test was 

poorer in quality (Santoro et a1., 1982), with a tendency towards PSE, the 

present data fran seasoning, separation and lal:x>ratory analysis did not 

show substantial differences l:etween hams from negative and positive 

animals. Hams from positive pigs s~ higher, rut not statistically 

significant seasoning losses. Laboratory analysis did not reveal any 

difference in quality l:etween the tw groups of animals. 

It is generally assumed that halothane positive pigs produce 

carcasses containing nore lean rreat rut of poorer quality. H~ver, it is 

not clear to what extent a tendency to PSE may l:e considered a serious 

defect in fresh rreat and to what extent it can cause problems in the 

processing industry and hence in seasoned products. 
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Penetrance of halothane genes was shown to l:e inconplete (91 percent) 
in Belgian Landrace pigs. Determination of polynorphic variants of blood 
marker systems, combined with halothane testing, allowed nore accurate 
diagnosis of halothane sensitivity. Depending on the position of each 
particular marker in the halothane linkage group an accuracy up to 98.5 
percent in halothane phenotyping can be reached. In addition halothane 
genotyping can also l:e perfonred. 

The influence of stress susceptibility on carcass, treat quality and 
reproductive traits was studied by correlating the activities of creatine 
kinase and lactate dehydrogenase with breeding and fattening results and 
by conparing the results obtained in halothane positive and halothane 
negative Belgian Landrace pigs. Little effect was found in daily weight 
gain and food conversion. Stress susceptible pigs yielded on average t~ 
percent rrore lean rut treat quality, determined by tenperature and pH at 
1 h after slaughter and by the GOfo value, was significantly ~rse. In 
farrowings subsequent to the first halothane negative sows prC!>Vided rrore 
piglets, this anounted to 0.4 extra piglets in the second and one extra 
piglet in the following litters at birth, with an additional gain of 0.2 
piglets at weaning in all litters. A cross breeding scherre is proposed 
in order to obtain good reproductive and rreat quality characteristics 
combined with a good carcass. 

INTRODOCTICN 

Stress susceptibility is high in Belgian pig populations, both in 

the Landrace and in the Pietrain breeds (Lampo, 1978; Hanset et alo, 

1983). Up to now the diagnosis was done using serum enzynE tests, based 

on the studies by Bickhardt et alo (1969, 1977), or by using the trethod of 

halothane anaesthesia as described by Eikelenboom and Minkerna (1974). 

Details of the results of the Belgian studies have teen published 

(La1'l1?O, 1977, 1981). Both techniques distinguish l:etween phenotypically 

sensitive and resistant animals rut not between hcrrozygously and 

heterozygously resistant ones. 

The halothane genes are linked to sare blood marker systems on the 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
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porcine chrCtlOSClte nl.lIl1l:er 15 (Andresen, 1971 , 1981; Rasnusen, 

1981, Imlah, 1982; Juneja et al., 1983; Van Zeveren et al., 1985). 

These marker systems include blocx1 group and related systems (H and S 

systems) and polyrrorphic systems of soluble blocx1 substances (PHI, PGD, 

Poi! systems). All marker systems show polyrrorphism in Belgian pig 

populations (Van Zeveren et al., 1983). 

This paper considers a practical application for blocx1 marker 

determination in addition to halothane testing. In particular its 

usefulness in performing nore accurate halothane phenotyping in Belgian 

Landrace pigs and therefore in producing honozygously halothane resistant 

breeding an:i.rnals will be discussed. 

Correlations bebNeen halothane sensitivity and growth, fattening, 

and reat quality characteristics are SUII1lIarised by Webb (1981). The 

general trend found is that stress susceptible pigs have a higher reat 

percentage rut a lower reat quality, \'ihile daily growth and focx1 

conversion are relatively independent of the halothane gene. Research 

on the effect of the halothane gene on reproduction revealed that stress 

resistant sows are nore prolific (Webb and Jordan, 1978; Sdmeider et al., 

1980; Lanpo et al., 1985). 

MATERIALS AND METHODS 

To study the blocx1. marker system \ole used anilllals kept at the 

ExperiIrental Station on the Faculty of veterinary Medicine of the State 

University of Ghent on litters from sows and boars kept on seven 

cOIlllercial farms in West Flanders. Part of that material was also used 

for the study of halothane sensitivity and reat quality. Research on 

fattening and carcass traits was perforIred on piglets sent to the pig 

testing stations of East and West Flanders. The blocx1 serum enzynes 

creatine kinase (CK), lactate dehydrogenase (LDH) and the isoenzyre LDH5 

were determined on ten-w=ek-old pigs using rethods described earlier 

{Lanpo, 1977}. 

The halothane test was perforIred on pigs at eight \'leeks or older by 

administering five percent halothane (Fluothane I C I) in an oxygen flow 

of 3 litres per minute for a maxinum period of five minutes. 

Polyrrorphism in the HandS marker systems was detected 

serologically by reans of nonospecific antisera (henolysis and :iro.irect 

Cooml::s test). PHI and PGD phenotypes were determined by one-diIrensional 

electrophoresis of erythrocyte henolysates, \'ihile Po2 variants were 
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revealed by b.o-diIrensional electrophoresis of serum. 

In addition, ~lve other blood groop systems and six other 

electrophoretic systems \\'ere included in a parentage control programre in 

order to check the pedigree data provided. 

Activities of CK and LDH \\'ere expressed logaritlunically, while the 

arcsin transformation of the percentage of LDH5 activity was used. 

Statistical paraneters \\'ere calculated using the standard netho:is 

including analysis of variance and analysis of covariance. 

RESULTS AND DISCUSSIOO 

Blood marker determination 

In an extensive family analysis of the recanbination phenarenon 

bet~ the different marker systenE, including the halothane locus, an 

estimation of the relative distance be~ the corresponding genes was 

perforned. These distances, calculated from 2 point crosses and 

expressed in cent:inorgans, are presented in Table 1. 

As a result of this and additional data (in preparation) gathered 

nostly from 3 and 4 point crosses, which are even nore informative in 

establishing the relative position of the marker genes in a genetically 

nore unifonn animal material, the gene order S - PHI - HAL - H - Pa2 - PGD 

was established. 

When selecting for harozygoos halothane resistant breeding animals 

and for the early prediction of an individual' 5 halothane sensitivity, 

the recombination frequencies be~ each blood marker and the halothane 

locus are especially inportant. Indeed, using blood marker information 

only, the latter recanbination frequencies equal the degree of predictive 

inaccuracy in practical breeding ...urk against stress susceptibility. 

In addition, a particular problem concerns the assignnent of the 

halothane locus into the linkage groop. As can be deduced from Table 1, 

the so-called recanbination frequencies (in brackets) bet~ the 

halothane locus and the other markers reach al:xJut 10 to 12 percent, which 

shoold nean that, contrary to earlier presunptions, the halothane locus 

should not fit into the chrarrosana.l region S - PGD. This is certainly 

due to a systematic effect, nanely the inconplete penetrance of the 

halothane genes, since animals showing incorrplete penetrance cannot be 

distinguished from animals really showing recanbination. This leade to 

an overestimate of the real recombination frequencies. In practice this 
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TABLE 1 Recanbination rates between different markers in the 
halothane linkage group in different 2 point crosses 

Systems Rec. Rate + Deviation 
(em) 

Parental Recanbinant Total 

S - PHI 166 6 172 3.49 1.40 
S - H 525 19 544 3.49 .79 
S - Pa2 647 13 660 1.97 .54 
S - PGD 624 38 662 5.74 .90 
PHI - H 896 26 922 2.82 .55 
PHI - Pa2 1197 36 1233 2.92 .48 
PHI - PGD 1063 69 1132 6.10 .71 
H - Pa2 1742 36 1778 2.02 .33 
H - PGD 1444 98 1542 6.36 .62 
Pa2 - PGD 1696 98 1794 5.46 .54 
S - HAL 641 (51) 692 (7.37) ( .99) 
PHI - HAL 1487 (170) 1657 (10.26) (.75) 
H - HAL 1671 (180) 1851 (9.72) ( .69) 
Pa2 - HAL 2191 (240) 2431 (9.87) ( .60) 
PGD - HAL 2126 (307) 2433 (12.62) ( .67) 

reans that the observed recanbination rate, marker locus - halothane 

locus, is not the real one, rut the sum of the real one on one hand and 

the inaccuracy due to incooplete penetrance of the halothane gene on the 

other hand. Considering the PHI - HAL - H chrarosanal region, the 

distance PHI-H (= 2.82) should equal the sum of the distances PHI-HAL 

and HAL-H (10.26 + 9.72 = 19.98), which is not the case. Since the 

halothane locus was involved twice, the difference 19.98 - 2.82 :.; 17.16 

represents twice the loss of penetrance of the halothane locus. Thus 

in Belgian Landrace pigs the accuracy of the halothane diagnosis after 

halothane testing is only 100 - (17.16/2) = al::out 91 percent. By also 

including determination of blood markers the accuracy is inproved to the 

level of the marker-HAL recanbination rates. Of course, the closer to 

the halothane locus the markers used are, the higher the accuracy to be 

expected. For exanple canbining halothane testing and PHI-H 

determination will inprove the accuracy to at least (100 - 2.82) :.: al:x:ut 

97 percent and nore probably to (100-2.82/2) = al::out98.5 percent when 

supposing the halothane locus to be in the middle of the PHI--H region. 

It may be concluded that a better diagnosis of halothane sensitivity in 

pigs is obtained by canbining halothane testing and blood marker 

determination. Moreover, using accunulated haplotype information over 
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sul:sequent generations, harozygous and heterozygous halothane negative 

animals can be distinguished, since the farner possess tv.u detectable 

halothane negative parental haplotypes, while the latter possess only one 

of such haplotypes, originating from one of the halothane negative parents. 

Stress susceptibility and zooteclmical pararreters 

The effect of stress susceptibility was studied in tv.u ways: 

firstly by calculating the correlation bebleen the arrount of CK, LDH and 

LDH5 and different growth, carcass and rreat characteristics and secondly 

by ccnpar ing absolute values for growth and carcass rreasurerrents in 

halothane positive and negative animals. The results are sunmarised in 

Tables 2 and 3. 

TABLE 2 Phenotypic correlations bebleen CK, LDH and LDH and 
same fattening/carcass and rreat quality pararreters (n = 819, 22 
Belgian Landrace sires) 

Daily weight gain 
Food conversion 
Loin percentage 
Ham percentage 
Shoulder percentage 
Meat percentage 
Meat/fat ratio 
Backfat th~kness 
T~ature 
pH 
Gafo reflectance value 

Log CK 

o.onl 
-0.067 

0.252 
0.168 
0.206 
0.261 
0.194 

-0.216 
0.08 

-0.31 
-0.14 

Log LDH 

-0.030 
-0.079 

0.182 
0.064 
0.116 
0.150 
0.110 

-0.201 
0.09 

-0.25 
-0.31 

0.012 
-0.068 

0.254 
0.170 
0.207 
0.264 
0.197 

-0.101 
0.08 

-0.16 
-0.14 

~ S D of the correlation coefficient equals 0.032 for all 
r-values 

2The rreasurerrents were made in M. longissinus dorsi at one hour 
postnortem 

From Table 2 it can be seen that daily weight gain and food 

conversion are only weakly correlated with the activity of the serum 

enzyrres studied. For daily weight gain this is cOnfirrred by the 

conparison bebleen halothane positive and halothane negative animals where 

no difference was found (Table 3). H~ver that conparison shows a 

sorrewhat better food conversion in halothane positive animals (Table 3). 
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These results agree with nean differences found by Webb (1981) of 2 g for 

daily \\eight gain and 0.06 units for food conversion. Stress susceptible 

pigs gave a better yield of l::utchers joints in toth sows and hogs. 

Concerning neat quality neasurenents the halothane negative pigs ~e 

tetter than the positive one (Table 3). The differences observed for 

carcass and for neat quality traits fall within the ranges given by 

Webb (1981). 

TABLE 3 Carparison of production, carcass and neat quality 
neasurerrents in halothane positive and negative Belgian Landrace 
pigs 

Hal + Hal -
Hogs n=418 n=126 d 

Daily \\eight gain + + (g) 682 :;: 103.6 682 :;: 93.8 N S 
Food conversion 3.39 :;: 0.480 3.54 :;: 0.541 * * 
Loin percentage 22.6 :;: 1.26 21.6 :;: 1.41 * * 
Ham percentage 23.4 :;: 1.16 22.9 :;: 1.42 * * 
Shoulder percentage 14.0 :;: 0.84 13.5 :;: 0.76 * * 
Backfat thickness (em) 2.86 :;: 0.44 3.12 :;: 0.53 * 
Meat/fat ratio 6.24 :;: 1.22 5.38 :;: 1.10 * * 
T~ature (oC) 41.46 :;: 0.78 40.88 :;: 0.86 * * 
pH 5.80 :;: 0.30 6.06 :;: 0.23 * * 
GOfo reflectance value3 62.6 - 7.01 65.5 - 4.32 * 

Hal + Hal -
SOWS n=431 n=138 d 

Daily \\eight gain + + (g) 636 :;: 93.7 635 :;: 85.0 N S 
Food conversion 3.54 :;: 0.587 3.62 :;: 0.52 NS 
Loin percentage 23.5 :;: 1.29 22.9 :;: 1.44 * * 
Ham percentage 24.1 :;: 1.37 23.4 :;: 1.33 * * 
Shoulder percentage 14.1 :;: 0.80 13.8 :;: 0.77 * * 
Backfat thickness (em) 2.55 :;: 0.50 2.81 :;: 0.52 * * 
Meat/fat rat~ 7.61 :;: 2.09 6.37 + 1. 70 * * 
T~ature ( C) 41.36 + 0.28 40.79 :;: 0.88 * * 
Iii 5.82 + 0.28 6.10 + 0.22 * * 
GOfo reflectance value3 62.1 - 6.16 66.2 - 4.55 * * 

* P<0.05j ** P<O.Ol 

1 Kg feed intake/kg liv~ight gain 

2 Measured in M. longissiIrus dorsi at one hour post nortem 

3 Mean GOfo value for M. gluteus nedius and M. longissinus dorsi 
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The effect of the halothane gene on SOIre reproduction trait.;:; is 

treated in detail in a separate publication (Lanpo et al., 1985) and only 

the conclusions are presented here. '!here was no difference in litter 

size at birth between HP and HN sows in the first farrowing. For the 

second litter HN sows gave 0.4 piglets mare (9.6 vs 9.2) than HP ones, 

while for the follOWing farrowings the difference was one piglet (10.3 in 

HN vs 9.3 in HP). At weaning there was an additional gain of 0.2 piglets 

in all litters. 

CCNCLUSIOOS 

In addition to mass selection against stress susceptibility, based 

on roth halothane testing and variation of gene frequencies in blood 

marker loci, nore refined family analysis over subsequent generations can 

be perforrred. By this neans a diagnosis of sensitivity to halothane in 

pigs can be reduced. Indeed problems of inconplete penetrance in 

halothane expression are occurring. Thus, penetrance reached only 0.91 

in the present experillents with Belgian Landrace pigs. 

By neans of blood marker determination, piglets showing inccnplete 

penetrance are detectable. Depending on the chronosomal position and on 

the polyrrorphism of the blood marker loci involved, an accuracy in 

halothane diagnosis up to 98.5 percent can be obtained. Using haplotype 

information from halothane negative parents it is also possible to 

distinguish between hcm:lzygously and heterozygously halothane resistant 

animals. 

A selection programme for a nore resistant Belgian Landrace pig will 

result in a lower percentage of lean. Although neat quality and 

reproduction should be better, we cannot advise such a selection schene 

be undertaken under present circumstances, because Belgian exports are 

based on the carcass yield mare than on other characteristics. 

Nevertheless, Belgian Landrace breeders want better reproduction results. 

A proposed solution is the foundation of a new breed, called the I HN I • 

The foundation stock consists of halothane negative Belgian Landrace pigs 

selected for better growth and reproduction. Sows of the HN breed are 

being crossed with heavily nuscled (nostly HP) Belgian Landrace l:oars to 

obtain heterozygote HN piglets and advantages in the numbers l:orn and 

weaned and in rruscularity, while still retaining good neat quality. 
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ABSTRACT 
Three experiments were designed to clarify the relationships between 

halothane sensitivity, ultimate pH (mainly depending on muscle glycolytic 
potential) and meat quality in the five porcine breeds extensively used for 
crossbreeding in France, i.e. Large White, Pietrain, French Landrace, 
Belgian Landrace and Hampshire. The low technological quality of meat from 
Hampshires was explained by the low ultimate pH characterizing this breed. 
Converse ly, in Landrace and especi ally in the Bel gi an Landrace, the hi gh 
value of meat ultimate pH prevented to some extent the unfavourable 
influence of halothane susceptibility on meat quality. It is concluded that 
there is a need to further study the factors governing muscle glycolytic 
potential at slaughter, especially those controlling resting glycolytic 
potential. 

INTRODUCTION 
Cooked cured ham (Paris ham) is one of the most important modes of pig 

carcass utilization in France, since more than 80 % of the hams are treated 
in this way. So the technological quality of pig meat is generally 
appreciated as the Paris ham processing ability. This ability largely 
depends on the post mortem evolution of muscle pH, i.e. the rate and the 
total extent of pH drop. There is some evidence that the latter 
characteri st i c plays the major role (e. g. Jacquet et a 1 . , 1984) and for 
this reason ultimate pH -and not pH at 45 or 60 minutes post mortem- is 
taken into account in the 3-trait Meat Quality Index (MQIl incorporated 
since 1981 in the aggregate genotype used in France for the genetic 
improvement of growth and carcass traits (see Ti bau i Font and 011 i vi er, 
1984) . Ana lysi s of records collected in central progeny-test stations 
duri ng recent years, as we 11 as results of earl i er breed compari sons 
(Dumont, 1974; Goutefongea et al., 1977) indicate that Belgian Landrace 
pigs give on average a meat of satisfying technological quality, in spite 
of the well-known high incidence of halothane susceptibility in this breed 
(e.g. Ollivier et al., 1978). Conversely, it has been repeatedly found in 
the French "commercial product evaluation" programme that pigs from 
crossbreeding schemes using the Hampshire breed as a component of the sire 
line show a markedly inferior meat quality (Runavot and Sellier, 1984), 
P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987
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which was also noted by Sellier (1982) on the basis of earlier comparisons 
between sire lines carried out at the Institut National de 1... Recherche 
Agronomi que. However, the Hampshi re breed is 1 i ke ly to be free of the 
halothane sensitivity gene. 

A series of experiments were designed to clarify the relationships 
between halothane sensitivity, ultimate pH (mainly depending on muscle 
glycolytic potential) and meat quality in the five porcine breeds 
extensively used for crossbreeding in France, i.e. 
French Landrace, Belgian Landrace and Hampshire. 
presented here (experiments 1 and 2) were reported 
al., 1984 ; Monin and Sellier, 1985}. 

HAMPSHIRE BREED 

Large White, Pietrain, 
Some of the results 

previously (Sellier et 

The compari son inc 1 udi ng purebred Hampshi re pi gs is referred to as 
experiment 1. 

Material and methods 
One hundred and twenty nine pigs (47 Large Whites, 20 halothane 

negative (HN) Pietrains, 27 halotane positive (HP) Pietrains and 35 
Hampshires) were fattened from 25-30 kg liveweight in an experimental 
farm of our Institute. All Large Whites and Hampshi res were halothane 
negative. The animals were killed in six weekly series of 16 to 25 pigs, 
after a transportation lasting about half an hour, at around 103 kg 
1; vewe; ght. 

One hour after slaughter, a sample of M. longissimus dorsi (LD) was 
removed from 56 pigs in 3 series, using a punch, to measure pH (0.005 M 
iodoacetate technique, referred to as pH l ) and glycolytic potential as the 
sum of the concentrations of glycogen, glucose-6-phosphate, glucose and 
lactic acid (Monin et al., 1981). On the day after, the right-hand sides of 
the 129 pi gs were cut and the fo 11 owi ng measurements were taken, among 
others : 

- pH (pH2) in M. longissimus dorsi (LD), M. adductor femoris (AF), M. 
biceps femoris (BF) ; 

reflectance on BF and M. gluteus superficialis (GS), using a Retrolux 
refl ectometer 

- water holding capacity (WHC, assessed by the paper imbibition technique) 
on BF muscle ; 

- fibre optic probe value (Fop, measured using TBL equipment) on LD, BF and 
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AF muscles. 
A MQI index was calculated according to Jacquet et al. (1984). The 

hams were processed into Pari s ham by usi ng a bri ne contai ni ng 150 g of 
NaCl and 0.9 g of NaN02 per kg and by cooki ng to a core temperature of 
68°C. Technological yield was calculated as 100 (weight of cooked 
ham/weight of trimmed deboned ham). 

Results 
Results are shown in Table 1. 
The glycolytic potential in LD muscle was much higher in Hampshires 

than in the other genetic types (P < 0.001). The two types of Pietrains 
showed a lower pH l than both Large Whites and Hampshires, especially HP 
Pietrains which differed at the P (0.001 level from the three other types. 
No di fference was observed between Large Whites and Hampshi res in thi s 

respect. 
The pH2 vari ed 1 arge ly between breeds whatever the musc 1 e as a 

general rule, the Large whites had the highest pH and the Hampshires the 
lowest ones. The effect of halothane sensitivity on pH2 was on average of 
low magnitude, as judged by the differences between HP and HN Pietrains. 

Halothane-negative Pietrains had the most coloured BF muscle, whereas 
HP Pietrains showed the palest one. The water holding capacity was the 
highest in Large Whites and the lowest in HP Pietrains, being intermediate 
in Hampshires and HN Pietrains. Fibre optic probe values were strongly 
affected by the genetic type: Hampshires and HP Pietrains generally showed 
the hi ghest values, whereas HN Pi etrai ns and Large Whites had rather 
similar values. 

Meat Quality Index was the highest in Large Whites and the lowest in 
Hampshires and HP Pietrains, which did not differ in this respect. The 
technological yield was found to be the highest in HN Pietrains, which were 
si gni fi cant ly better than both Hampshi res and HN Pi etrai ns, with Large 

Whites being intermediate. 
The high glycolytic potential found here in Hampshire pigs agrees with 

previous observations by Sayre et al. (1963) of a very high content of 

glycogen in the LD muscle of this breed. The results on the meat quality of 
Hampshi re pi gs confi rm numerous reports of European or Ameri can 
researchers. 

Finally, it is possible to divide the animals of experiment in two 
groups according to meat quality: on one hand the Large Whites and the HN 
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TABLE 1 Glycolytic potential and meat quality characteristics of Large 
White, HN and HP Pietrain and Hampshire pigs (experiment 1 ; from 
Monin and Sellier, 1985) 
Means with the same superscript are not significantly different 
at the 5 % level 

Trait rsd(l) Large White HN Pietrain HP Pietrain Hampshire 

No. of pigs 
Glycolytic 
potential LD(2) 

No. of pigs 

34 

15 11 13 17 

~~l_~~ ____________ ~~~~ _____ ~~::~ _________ ~~~~~ _________ :~:~~ ________ ~~:~~ __ 
No. of pigs 

pH2 LD 
AF 
BF 

Refl ectance BF 
GS 

WHC BF 
Fop value LD 

AF 
BF 

MQI 
Technological 
yield % 

0.08 

0.16 

0.10 

35 

50 

5.2 

11 

9 

10 

1.5 

3.3 

47 

5.53a 

5.75a 

5.61 a 

353b 

342a 

18.1 a 

32a 

34a 

44ab 

87.5a 

82.7ab 

20 

5.45b 

5.65a 

5.49b 

314a 

330a 

11.8b 

33a 

35a 

41 a 

86.2b 

27 

5.41 c 

5.74a 

5.54b 

375bc 

417c 

6.2c 

49c 

37a 

52c 

85.{ 

81.5b 

35 

5.40c 

5.45b 

5.36c 

376c 

389b 

13.3b 

43b 

50b 

51 bc 

84.7c 

81.2b 

(1) Residual standard deviation from an analysis model including the 
following effects: genetic type, sex, slaughter date, genetic type x 
sex and genetic type x date interactions, and linear regression on 
liveweight at slaugther _ 

(2) In terms of potential lactate formation, in pmol.(g fresh tissue) 1 

Pi etrai ns, on the other hand the Hampshi res and the HP Pi etrai ns. The 

latter group shows deficiencies in various traits: pale colour in HP 

Pietrains and Hampshires, reduced water holding capacity in HP Pietrains 

and low technological yield of Paris ham processing in Hampshires. However, 

there is some evidence that the mechanisms of the defects are different in 

HP Pietrains and Hampshires. The low meat quality of HP Pietrains 
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undoubtedly results from the fast post mortem pH drop in muscles, whereas 
that of Hampshires appears to be a consequence of the low ultimate pH. In 
fact, the high correlations between ultimate pH on one hand, fresh meat 
quality traits or technological yield of Paris ham processing on the other 
hand are well-established (e.g. Charpentier et a1., 1971 ; Jacquet and 
011ivier, 1971 ; Jacquet et a1., 1984). The low ultimate pH observed in 
meat from Hampshires is probably related to the high muscle glycolytic 
potential characterizing this breed. 

BELGIAN LANDRACE BREED 
Two experiments involving Belgian Landrace pigs were carried out. 

~g~~jJl!~~~==~ 
Material and methods 

Measurements were made in one progeny-test station on 1053 gilts from 
the Large White, French Landrace, Pietrain and Belgian Landrace breeds. All 
the pigs were halothane-tested at a weight of 25-30 kg. 

The pigs were killed at 1iveweights of about 100 kg for Large Whites 
and Landrace and of about 90 kg for Pietrains, in a commercial abattoir. 
The transportation 1 asted around one hour and a half, and the pi gs were 
slaughtered within the 30 minutes following arrival. The day after 
slaughter, the right-hand sides were cut and some meat quality measurements 
were made according to the techniques described above. 

Results 
Results are reported in Table 2. 
Both Landrace types presented the highest pH 2 and Pietrains the lowest 

one. Among HN pigs, water holding capacity and reflectance were similar in 
every breed, except the case of water holding capacity in French Landrace, 
which was slightly lower than in the other breeds. MQI was similar in Large 
Whites and both Landraces, but was significantly lower in Pietrains ; this 

agrees with results of comparisons by Jacquet and 011ivier (1971 ; Pietrain 
vs. Large White) and Goutefongea et a1. (1977; Pietrain vs. Belgian and 
French Landrace) who found that Pietrains constantly have the lowest 
technological yields. 

Halothane sensitivity did not influence pH 2. Water holding capacity 
was lower and reflectance higher in HP pigs than in HN pigs whatever the 
breed. However, the difference was more marked in Pietrains than in both 
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Landraces. Halothane sensitivity influences meat quality by accelerating 
post mortem pH fall and so inducing muscle protein denaturation. Such an 
effect requires that pH reaches a rather low value (Charpentier, 1969), and 
it can be assumed that this effect is even more diminished if the pH keeps 
a high value, as previously pointed out by Monin et a1. (1981). It appears 
that in Landrace pigs and especially in the Belgian Landrace, the high 
value of ultimate pH prevents to some extent the unfavourable influence of 

halothane sensitivity on colour and water holding capacity. 
A further experi ment was set up to estab 1 i sh if the di fferences in 

ultimate pH - and consequently related meat characteri stics - between 
Pietrains, Large Whites and Belgian Landrace are related to differences in 
glycolytic potential at slaughter. 

lXJ?:~~jm,~~~==~ 
Material and methods 

The experiment used 145 gilts reared in 3 progeny-test stations, i.e. 
45 Large Whites, 9 HN and 33 HP Pi etrai ns, 16 HN and 42 HP Bel gi an 
Landrace. All the pigs were tested for halothane reaction at the weight of 
25-30 kg. They were ki 11 ed at ali vewei ght of about 100 kg for the Large 
Whites, 97 kg for the Belgian Landrace and 90 kg for the Pietrains, in six 
slaughter series at 3 commercial abattoirs. Transport and slaughter 
conditi ons great 1y vari ed between abattoi rs, but in every case the pi gs 
were slaughtered in the hour following arrival. All genetic types, except 
HP Pietrains in two series, were represented in each of the 6 series. 

One hour on average after slaughter, a sample of M. semimembranosus 
(SM) was taken using a punch from the right-hand side of 101 pigs (15 to 20 
pigs in each series). pH (pH 1) was measured after homogenization of muscle 
in 0.005 M iodoacetate ; a part of the sample was frozen in liquid nitrogen 
for subsequent estimation of glycolytic potential. 

On the day after slaughter, the right-hand sides of the 145 pigs were 
cut and meat quality measurements were made accordi ng to the techni ques 
previously described. The ham was processed into Paris ham and the 
technological yield was determined. 

Results 
Results are shown in Tables 3 and 4. 
As in experiment 1, halothane sensitivity did not affect glycolytic 

otentia1. There was a trend to a higher glycolytic potential in Pietrains, 
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which approached significance (P < 0.10) when the 3 breeds are compared 
irrespective of halothane sensitivity. pH fall was faster in HP pigs than 
in HN pigs, but to a lesser extent than in experiment 1. There was also a 
genera 1 tendency to fi nd the hi ghest pH2 values in HN or HP Bel gi an 
Landrace and the lowest ones in HN or HP Pietrains. As halothane 
sensitivity did not affect pH2, the 3 breeds can be compared without taking 
account of halothane sensitivity Belgian Landrace gave significantly 
hi gher pH2 than Pi etrai ns whatever the musc 1 e, whereas the di fference 
between Large Whites and Pietrains was significant at the 5 % level only in 
AF muscle. Colour and water holding capacity were generally simil ar in 
Belgian Landrace and Large White pigs. Pietrain pigs, especially the HP 
ones, showed less favourable values. Fibre optic probe values were higher 
in LD and BF muscles from Pietrains and HP Belgian Landrace than in those 
from Large Whites; in these muscles, the differences between HP and HN 
pigs were more marked than in AF muscle, which presented a higher pH 2. When 
ignoring halothane sensitivity which did not significantly affect this 
trait, the technological yield of Paris ham processing was the highest in 
Large Whites (86.1 ± 0.6), intermediate in Belgian Landrace (84.2 ± 0.5) 
and the lowest in Pietrains (81.4 ± 0.6). 

The results from the comparison confirmed and extended those of 
experiment 2 Belgian Landrace pigs, irrespective of halothane 
sensitivity, showed meat quality traits close to those observed in Large 
Whites, except for fibre optic probe values. Pietrain pigs associated a 
lower meat quality wi th a tendency toward a lower pH Z and a hi gher 

glycolytic potential at slaughter. 

CONCLUSION 
Jacquet et a 1 . (1984) reported that, in the slaughter conditi ons 

prevailing in France, ultimate pH plays a greater role than rate of post 
mortem pH drop in determining pork technological quality. The results of 

the present study agree with this observation. Ultimate pH mainly depends 
on muscle glycolytic potential at slaughter, whereas the rate of pH fall is 
primarily influenced by halothane sensitivity. The genetic basis of the 
latter and the implications for meat quality are now rather well-known, and 
thi s source of defi ci ent meat quality is now comi ng under better control 
with the use of the halothane-test in testing stations or breeding herds, 
and with appropriate use of crossbreeding. The glycolytic potential at 
slaughter is determined by both resting glycolytic potential and glucidic 
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catabolism during the preslaughter period. The latter has attracted more 
attenti on from research workers, pri nci pa lly as i nfl uenced by the nature 
and the condi ti ons of the pres 1 aughter treatment (for a revi ew, see 
Barton-Gade, 1985); such factors as breed x treatment interactions, which 
cou 1 d be very important in the 1 i ght of the work of Dantzer and Mormede 
(1978), has not received as much consideration. There is also a need to 
take into consideration the factors governing the glycolytic potential of 
the resting muscle, in order to get as many ways as possible of controlling 
glycolytic potential at slaughter and in this way controlling the ultimate 
quality of the meat. 
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ABSTRACT 

MEAT QUALITY IN THE DUROC BREED 

P McGloughlin, P V Tarrant & PAllen 

The Agricultural Institute 
Grange/Dunsinea Research Centre 

Dunsinea, Castleknock 
Dublin 15, Ireland 

Meat quality traits are presented for Duroc sired crossbred pigs in 
comparison with Landrace and Large White crossbreds. This work is part 
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of an overall evaluation of the Duroc as a terminal sire breed. Objective 
and subjective measurements indicated that meat quality was good in both 
crossbred groups. The Duroc crosses had significantly paler M. longissimus 
dorsi, M. gluteus medius and M. semimembranosus, while the Landrace x 
Large White crosses had a tendency towards DFD, indicated by significantly 
higher ultimate pH values in M. longissimus dorsi at the 3rd/4th rib and 
in the ham muscles. Differences between the breed groups for carcass 
composition were determined and Duroc crosses had significantly less fat 
than Landrace x Large White crosses. Phenotypic correlations between 
meat quality and carcass composition indicated that leaner pigs had 
paler meat. 

INTRODUCTION 

The American Duroc breed is currently being evaluated as a terminal 

sire in comparison with the Irish Landrace and Large White breeds 

(McGloughlin et al. 1986). This paper presents results on meat quality 

and its relationship with carcass composition. 

MATERIALS AND METHODS 

The evaluation of the Duroc breed as a terminal sire was carried out 

in a herd where all sows are the products of a continuous reciprocal back

crossing programme using the Irish Landrace (L) and Large White (W) breeds; 

all sows are therefore either (2/3 L.l/3W) or (1/3L.2/3 W). Eleven Duroc 

sires were used to produce three-way cross progeny (Duroc X) and were 

compared to reciprocal backcross progeny of five Landrace and six Large 

White boars (Landrace.Large White X). The sample of Duroc sires included 

seven from North American A.I. studs (frozen semen) and four from Irish 

breeders (live boars); the Landrace and Large White sires were performance 

tested at a national testing station and had average indices of 129 points 

(1.2 standard deviations above their contemporary breed average). A 

total of 184 litters were produced on this trial. At weaning one male 

pig from each litter (the middle weight male pig in the litter) was 

removed and individually fed to slaughter weight. Remaining pigs were 

allocated to a group feeding regime, and are not included in this present

ation. From 28 kg to approximately 86 kg, the sample of boar pigs were 

P. V. Tarrant et al. (eds.), Evaluation and Control of Meat Quality in Pigs
© ECSC, EEC, EAEC, Brussels-Luxembourg 1987



460 

penned in groups of 8 and individually fed, with access to feeders for 

one hour periods 13 times per week. On reaching slaughter weight (86 ~ 

4 kg), pigs were transported in small groups (2 to 13 pigs) 190 km 

to the experimental slaughter unit at Dunsinea; the journey lasted 

approximately 3 hours. Transport groups were always mixed, i.e. composed 

of pigs from more than one pen. On arrival, the length of time in 

lairage before slaughter was recorded (84 ! 30 min.). For slaughter, pigs 

were herded into a small pen and stunned while standing, using a double 

handed tongs and a low voltage (90 v) power supply (50 Hz). The following 

meat quality measurements were recorded. With the exception of pH, all 

measurements were made on the left side of the carcass only. 

pHI pH measured in M. longissimus dorsi (LD) at the level of the 

last rib, 45 min. after slaughter, averaged for readings on both 

sides of the split carcass. 

FOPI light scattering coefficient measured using the fibre optic 

probe (TBL Fibres, Leeds, UK), inserted in the LD at the level 

of the last rib at 1 h after slaughter - the average reading 

across the muscle was recorded. 

FOPu light scattering coefficient at about 24 h after slaughter, 

measured as for FOPl , but on the cut surfaces of the LD at the 

shoulder (3rd/4th rib, mean of 3 readings) loin (last rib, mean 

of 4 readings) and in M. gluteus medius (GM) and M. semi

membranosus (SM) in the ham. 

pHu ultimate pH measured at about 24 h after slaughter, in the LD 

muscle at the shoulder and loin sites, and in the GM and SM 

muscles of the ham. 

Panel 
Score 

Drip 
loss 

Pork quality subjectively assessed by a panel of three or more 

experienced judges and expressed on a scale from 1 for extreme 

DFD to 5 for extreme PSE (2 = mild DFD, 3 = normal, 4 = mild 

PSE). Panellists scored the exposed surfaces of the LD muscle 

and the GM muscle approximately 30 min. after cutting on the 

day after slaughter. 

drip loss determined on a 2.5 cm thick loin chop cut at the 

level of the last rib at about 24 h after slaughter. The fat 

and adjoining muscles were trimmed off without removing the 

connective tissue on the LD. The sample was suspended within 

a closed bag and the weight of drip loss in 48 h at 4°C was 



recorded and expressed as a percentage of the weight of the 

LD muscle in the chop 

pH ratio pHI/pHu where both measurements were taken at the level of the 

last rib on the left side of the carcass; a low ratio was 

indicative of poor meat quality. 
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Backfat was measured on the left side of the split hot carcass, using 

an optical probe at the 3rd last rib, the last rib and the 3rd lumbar 

vertebra, 6.5 cm from the mid line; average backfat was the mean of the 

three readings. UEye muscle" area was measured on the cut surface of 

the LD muscle at the last rib. The left side of a proportion of the 

carcasses was fully dissected into lean, fat, bone and skin. Total fat 

(subcutaneous and intramuscular) and lean were expressed as percentages 

of the side. Intramuscular fat, in a sample of LD taken at the last rib, 

was extracted by the Soxhlet method using petroleum ether as a solvent. 

A total of 173 pigs were slaughtered of which 64 were dissected (32 Duroc 

X and 32 Landrace.Large WhiteX). In the statistical analysis of the data 

the effects of breed of sire (Duroc, Landrace, Large White), sire within 

breed, month of slaughter and length of holding period before slaughter 

were included. A mean value for the Landrace and Large White-sired pigs 

was calculated by combining the separate estimates for the two breeds 

giving both equal weight. Phenotypic correlations between meat quality 

and carcass traits were based on residual variances. 

RESULTS AND DISCUSSION 

The meat quality measurements of the Durox X and other Landrace.Large 

White X pigs are given in Table I. In the LD muscle at the mid-loin, 

FO~ and FOP values were significantly higher in the Duroc X pigs, 
u 

indicating paler meat. There were no significant differences in pH 

measurements, drip loss or panel score. At the shoulder site of the LD 

muscle and in the two ham muscles there were significant differences between 

the breed types for three measurements; Duroc X pigs had higher FOP values 
u 

and panel scores, and lower pH values, all of which are indicative of 
u 

paler meat. The absolute size of the differences were small, and overall 

the sample was relatively free of pork quality defects, as judged by the 

panel. Only 1% of pork loins were judged to be mild PSE in both breeds 

and 4% to be mild DFD in the Landrace.Large White X (Table 2). 

The percentages of FOPu values that were outside the range for normal 

pork are shown in Table 3. There were low incidences of values indicative 
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TABLE 1 Meat quality of Duroc cross and Landrace.Large White cross 
pigs 

Meat Quality Duroc X Landrace.Large S -
White X x 

LD shoulder 1 

FOP 38.9 33.5 1.8 u 5.65 5.76 .03 pHu 2 
Panel Score 3.17 2.99 .05 

LD loinl 
pH 6.26 6.28 .03 
FOPI 11.4 10:5 .2 
FOP 31.0 27.3 1.1 

H u 5.57 5.61 .02 p u 
pH ratio 2 1.123 1.120 .008 
Panel score 3.07 3.01 .03 
Drip loss 2.64 2.54 .24 (percentage) 

GMI 
-FOP 30.1 27.3 1.0 

H u 5.70 5.82 .03 p u 2 Panel score 3.08 2.93 .04 

SMI 
-FOP 33.7 28.5 1.2 

H u 
P u 5.70 5.79 .03 

Number of pigs 83 90 

Number of sires 11 11 

lLD shoulder: M. longissimus dorsi at the 3rd/4th rib; LD loin: 
M. longissimus dorsi at the last rib; GM: M. gluteus medius; 
SM: M. semimembranosus. 

21 extreme DFD, 2 = mild DFD, 3 normal, 4 mild PSE, 
5 extreme PSE 

** 
** 
** 

NS 
** 
*t 
NS 
NS 
NS 

NS 

* 
*** 
*** 

*** 
* 
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TABLE 2: Classification of carcasses for meat quality at three muscle 
sites according to panel score (percentages) 

Ouroc X Landrace.Large White X 

Panel Score Shoulder 1 Loinl Flam (GM) 1 Shoulder Loin Ham (GM) 

< 1.5 (Extreme OFO) 0 0 0 0 0 0 

1.5-2.4 (mild OFD) 0 0 0 4 4 8 

2.5-3.5 (normal) 88 99 93 94 95 89 

3.6-4.5 (mild PSE) 12 1 7 2 1 3 

> 4.5 (Extreme PSE) 0 0 0 0 0 0 

1 See Table 1, footnote 1 

TABLE 3: Classification of carcasses at four muscle sites according to 

1 

fibre optic probe value at 24 h after slaughter (FOP) (percentages) 
u 

Ouroc X Landrace.Large White X 
FOP value Shoulder 1 Loinl Ham 1 Shoulder Loin Ham u 

GM SM GM SM 

~ 20 (OFD) 1 2 7 2 9 19 23 14 

21-49 (normal) 86 97 93 92 83 81 75 86 

~ 50 (PSE) 13 1 0 6 8 0 2 0 

ISee Table 1, footnote 1 

of PSE in both breed groups. Landrace.Large White X pigs had more FOP u 
values indicative of DFD. 

Percentages of pHI values below 6.0 were 12% for both the Ouroc X 

and Landrace.Large White X pigs. This figure is intermediate to the 

values reported for purebred Irish Landrace and Large White over the past 

decade (McGloughlin & McLoughlin, 1975; Tarrant et al., 1979; Somers et 

al., 1986). The percentages of pHu values above 6.0 at the shoulder, 

loin, and two ham sites (GM and SM) were 7, 1, 11 and 12 for the Ouroc X 

and 18, 3, 23 and 16 for the Landrace.Large White X pigs respectively. 

These figures are generally higher than those reported for purebred 

Landrace and Large White pigs (Tarrant et al., 1979; Somers et al., 1986) 

and possibly reflect differences in preslaughter treatments used in the 

present experiment and for test station pigs. 
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The results indicate that the pork quality of the Duroc X pigs is 

similar to the mean of the Landrace and Large White breeds, with a tendency 

to be slightly paler, and to have a lower predisposition to produce DFD 

meat in the ham and shoulder cuts. The finding that meat quality in the 

Duroc breed is relatively good is in agreement with observations from 

several other European countries where the breed has been evaluated in 

comparison with local and imported breeds (Brascamp et al., 1979; 

Sellier, 1982, Sutherland, Webb and King, 1984). 

There were differences in the degree of heterozygosity of the two 

breed types. The Duroc X pigs were derived from a three-way cross, while 

the Landrace.Large White X pigs were derived from a two-breed reciprocal 

backcross expected to exhibit 2/3 of the heterosis found in Fl hybrids. 

However since heterotic effects on meat quality traits are expected to 

be negligible (Johnson, 1981; Sellier, 1982) this factor is unlikely to 

be the cause of any bias in the results. 

The effect of the length of the holding period following transport 

and before slaughter on meat quality was examined. The holding period 

varied from 20 to 154 min. There was a significant effect on the pHu 
in the GM and SM muscles in the ham, and on the panel score in the ham; 

longer holding periods resulted in higher pHu and lower panel scores. 

Phenotypic correlations between meat quality and carcass traits are 

given in Table 4. The differences between the breed types for carcass 

composition traits expressed as Duroc X - Landrace.Large WhiteX, were 

-1.8, -1.0, -.8, + .5 and + .9 for back fat (mm), eye muscle area (cm 2 ), 

fat (%), lean (%) and intramuscular fat (%) respectively. Only backfat 

and intramuscular fat were significantly different between the breed 

groups. These correlations are based on relatively small numbers of pigs, 

yet all the significant correlations indicated that pigs which were 

leaner or had less fat (with the exception of intramuscular fat) had 

paler pork. This finding is in agreement with correlations reported for 

purebred Landrace and Large White breeds based on indicators of leanness 

(average' backfat, eye muscle area, ham conformation score) by Somers et 

al. (1986). Unfavourable relationships between FOPI values and carcass 

composition were also found in a sample of 50 Irish commercial crossbred 

pigs which were fully dissected (Allen & Tarrant, unpublished results). 

Low but significant phenotypic correlations in the same unfavourable 

direction were also reported for British pigs (Evans et al., 1978). 
II 

Swedish pigs (Lundstrom, 1975) and Dutch pigs (Walstra et al., 1971). 
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TABLE 4 Correlations between meat quality and carcass traits in cross
bred pigs 

Average 
back fat 

LD shoulder 1 

FOP -.18* 
pH u .05 
PaMel -.11 

LD loinl 
pHI .10 
FOPI -.15* 
FOP -.19* 
pHu

u .15 
pH ratio .07 
Panel -.14 
Drip Loss • 00 

GMI 
-FOP 

pHu
u 

Panel 

SMI 
-FOP 

pHuu 

No. of 
pigs 

-.14 
.08 

-.11 

-.11 
.08 

173 

Eye 
muscle 
area 

-.03 
.10 
.05 

-.10 
.05 
.13 
.00 
.08 
.02 

-.09 

.04 
-.03 

.93 

-.09 
.02 

173 

Fat percentaqe 
[Subcutaneous 
+ intermuscular] 

-.01 
.09 
.05 

.23 
-.08 
-.10 

.21 
.03 

-.23 
.11 

-.24* 
.28* 

-.16 

-.12 
.19 

64 

Lean 
percentage 

.06 
-.13 

.05 

-.30* 
.14 
.17 

-.36** 
.09 
.33** 

-.11 

.31* 
-.39** 

.31* 

.09 
-.25* 

64 

lLD shoulder: M. longissimus dorsi at the 3rd/4th rib; 

Intramuscular 
fat 
percentage 

.10 
-.10 

.16 

-.01 
.22 
.06 

-.26* 
.23 
.14 
.15 

.16 
-.11 

.25* 

-.08 
-.09 

64 

LD loin: M. longissimus dorsi at the last rib; GM: M. gluteus medius; 
SM: M. semimembranosus 

Intramuscular fat content was higher in the Duroc X (2.91%) than 

in the Landrace.Large White X pigs (2.04%), in agreement with Barton-Gade 

(1981). The higher content of intramuscular fat is unlikely to fully 

explain the paler meat in the Duroc X pigs. While the phenotypic 

correlations between intramuscular fat in the LD and both FOP and panel 

scores (at the shoulder and loin sites) were positive (Table 4) they were 

low and non-significant and unlikely to explain much of the breed 

difference in FOP and panel scores 

CONCLUSIONS 

The present results indicate that meat quality in the Duroc breed 

is similar to the mean for Irish Landrace and Large White pigs. Therefore 

a crossbreeding strategy including the Duroc breed is not expected to 
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result in a deterioration of meat quality in the Irish pig population. 
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REPORT 00 SESSIoo I 

Aetiology of the Porc:ine stress Syndrare 

K 0 Honikel 

We know that genetic deficiencies and environrrental stress are responsible 
for PSS. When the syndrOllE occurs :in pigs before or at death it causes 
PSE neat due to the co:incidence of fast anaerobic glycolysis (fast fall 
:in pH) and prevail:ing high temperatures. Muscle prote:ins are denatured and 
rreml::n:"ane lesions occur. AbJut the sequence of events nunerous details are 
known rut the connect:ing links betv.een the events are miss:ing. Extra
cellular signals :induce the PSS, lead:ing to an accelerated energy turnover 
:in nuscle cells, tenninat:ing after slaughter :in PSE neat. The related 
malignant hyperthermia (MH) syndrare is :induced :in animals tend:ing towards 
PSS by anaesthetics like halothane. 

The papers presented :in this session deal with these two syndrares. There 
are camon syrrptans :in MH and PSS, rut roth syndrares also differ. Muscle 
rigidity is a eamon, rut not a universal feature of MH, which, however, 
does not occur :in PSS. PSE neat, the f:inal state of nuscles from animals 
with PSS, shows no nuscle contracture either. Also, as Dr Lister po:inted 
out, ~-blockade prevents MH, whereas P-blockade2!j:.educes the :incidence of 
PSE neat :in stress susceptible pigs. In MH, Ca ions are widely accepted 
as one of the trigger:ing substances of the syndrare. Prof Heffron reviewed 
the literature and concluded that Ca2+ ion release may not be the primary 
cause of the syndrare, rut may be :indicative of a widespread rreml::n:"ane 
lesion. Cell rreml::n:"anes as \rell as the rreml::n:"anes of the sarcoplasmic 
reticulum and mitochondria could be affected. MeItibr"ane deficiencies may 
be located :in the associated proteins, enzyrres and rreml::n:" ane lipids. 

In pss there is a rapid utilization of energy :in the nuscle result:ing :in 
heat production. The rapid turnover of energy rich carpounds is caused by 
the hydrolysis of ATP. ATP breakdown is the central reaction :in PSE nuscle, 
controll:ing anaerobic glycolysis. There are a number of possibilities for 
rapid ATP turnover :in PSS rruscle. 

1. Increased expenditure of energy to ma:inta:in ionic gradients across 
leaky rreml::n:"anes. 

2. ATP may be used up by futile cycl:ing, for example the oppos:ing 1 
reactions catalysed by phosphofructok:inase and hexose diphosphatase • 

3. The energy status of the cell and the relative concentrations of its 
alloster ic rrodulators ATP, ADP and AMP are expressed by the 'energy 
charge of Atk:inson·. Malfunctions of the associated enzyrres 
(adenylate k:inase, AMP dearninase and ATPases) may trigger an :increased 
rate of glycolysis through activation of phosphorylase and phospho
fructok:inase. 

4. An early switch from aerobic to anaerobic netal:x:>lism would result :in 
ATP production per glucose unit dropp:ing to one 'b.elfth of the aerobic 
rate. 

5. Increased ATP turnover may result from contraction of nwofibres 
:induced by an :increase :in Ca2+ concentration. Dr Kozak-Reiss reported 
that rruscle biopsy samples of halothane positive pigs lose contract
ility rather early at a high ATP concentration. This is :in agreerrent 
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with my own observation in Session IV that PSE nuscles show no 
contracted sarcareres. 

concluding from the a1:XJve five possible causes of increased ATP turnover 
the following three events may occur, induced by signals from ootside and! 
or by genetic defects. 

(a) An altered nernbrane perrreability. 
(b) Altered enzyrre activities or altered control nechanisrns of glycolytic 

or adenine nucleotide converting enzyrres. 
(c) Mitochondrion malfunction with early and solely anaerobic ATP 

production. 

One or several of these events may occur in PSE prone nuscles. The 
sequence of reactions in the rruscle cell may be caused by the nervous 
system and/or stressors and induced in the cell by horrrones. 

With regard to the action of horrrones, Dr Moss found differences in thyroid 
function between stress resistant and stress susceptible pigs with a 
possibly higher degradation rate of thyroxine in stress susceptible pigs 
and an inability of these animals to secrete sufficient horrrone during 
stress. Prof Ludvigsen favoured the view that there is a l:orderline change 
in the horrronal balance in favour of anaJ::olic horrrone systems in animals 
with nore lean I1Eat. STH may be prilllarily involved, stinulating protein 
synthesis and deposition and antagonising the activity of TSH and ACTH, 
which are llrportant horrrones in the adaptive capacity to strain situations. 

With regard to the nervous system in MH susceptible pigs, Prof McIDughlin 
examined the concentration of noradrenaline, dopamine and their non-G
I1Ethylated I1Eta1:olites. Differences in the activities of enzyrres 
I1Eta1:olising these substances could not be found in various organs. He 
observed, however, differences in the steady state concentrations of tw 
of the I1Eta1:olites, 3,4-dihydroxyrnandelic acid (DHMA), and 
dihydroxyphenylglycol (DHPG). Both ~e higher in MH susceptible pigs. 

Dr Jorgensen found that the sensitivity of pigs to halothane depended on 
various factors, which may be an additional reason why the reliability of 
the halothane test in predicting PSE I1Eat in the live animal is limited. 
Low potassium supply in MH susceptible pigs caused a m:xlified reaction to 
halothane. 

Dr Morrrede viewed PSS as evidence of an excessive environI!Ental pressure 
on a sensitive animal, and pleaded for a thorough search for stressful 
envirDnIlEntal factors not only to irrprove I1Eat quality rut also the 
welfare of the animals. 

In surrmary, stressful envirDnIlEntal factors cause horrronal signals, which 
induce in cells a sequence of I1Eta1:o1ic reactions that tenninate in the 
formation of PSE I1Eat. How these signals are transferred to the cell and 
how the increased ATP turnover in the cell starts is so far not clear. 
There are a lot of possible nechanisrns for ATP breakdown and events in 
PSE prone rruscles post nortem. As we are concerned ultimately with neat 
quality, in the rapporteur I s opinion these problems should receive priority 
in research. If these problems within the cell are solved it may become 
obvious how the horrronal signals are transferred into the cell and what 
kinds of events and extracellular signals are llrportant. 
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1 Prof Heffron pointed out that calculations have shown that futile 
cycling can only account for an insignificant fraction, a maxim..un of 
ten per cent, of heat production in MH. Contractile activity was the 
nost likely cause of ATP breakdown, with a small contril:ution from ion 
transport ATPases. 
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REPORI' ON SESSICN II 

The Evaluation of Meat Quality 

G Eikelenl:x:on 

Here we are dealing almost exclusively with intrinsic quality aspects. 
These aspects, which include traits such as waterbinding, colour, texture 
and taste, influence consurrer appreciation of !!Eat and its suitability for 
the manufacturing of processed products. Therefore, the inproverrent of 
these factors, including also the reduction of their variability, is of 
direct irrportance to our !!Eat industry. 

It is almost twenty years ago since Dr Briskey introduced the term PSE 
(pale, soft and exudative) and DFD (dark, finn and dry) nuscle. Although 
these terms are COImOrlly used nowadays, we should also realize their 
limitations. Firstly, the criteria for calling a carcass or nuscle PSE, 
normal or DFD can l::e fairly arbitrary, while we know that it is a 
continuous scale. Secondly, colour, water binding and texture are 
frequently interrelated, although this relationship may vary considerably 
fran one study to another. Moreover, the effect of genotype, ante- or 
post rrortem handling may have differential effects on these quality traits. 
For instance, the so-called ',Harrpshire-type !!Eat' has poor waterbinding 
characteristics. As our French colleagues have shown, this is not 
associated with a rapid pH fall and protein denaturation as in PSE, rut 
instead with a very low ultimate pH. 

Meat quality may l::e !!Easured for a number of p.rrposes. These are: 
research, for exarrple to detenni.ne the effect of a certain treatIlEnt; 
bLeeding and selection; and finally camercial practice, including 
slaughter line !!Easurerrents and identification of produce for different 
destinations such as fresh versus processed !!Eat outlets. We have seen 
exarrples of these applications during this session. 

Dr Kallweit made clear to us that there is a large variability anong EX:: 
rreml::er countries in !!Ethods for evaluation and assesSIlEnt of !!Eat quality, 
J:;oth for research p.rrposes and in the selection of breeding stock. Anong 
the sources of variation were the exact ti!lE of !!Easurerrent and the 
techniques and nuscles used. Few of the !!Easurerents were carparable and 
this may conflict with the interpretation of data by others. It was 
the general opinion during the discussion that these !!Easurerents need 
standardisation. Earlier IfoOrk by a specific IfoOrking group instituted by 
the Comnission, has resulted in recamended procedures for the assesSIlEnt 
of l::eef quality (Boccard et al., 1981). This was later followed by ring 
sarrple testing of beef by research institutes in various countries, for 
eating quality (Dransfield et al., 1982) and chemical cOIIpOsition 
(Dransfield et al., 1983). We should apply and adapt these procedures 
to pork nuscle and eventually inprove and extend these !!Ethods. As a 
result of this rreeting, we already have a good start. The standardised 
!!Ethod suggested by Dr Honikel for the asseSSIlEnt of drip and cooking loss 
should l::e considered for application in our research programmes. I remind 
you of Dr Honikel's request to contact him concerning your personal 
experiences and CC!\1TEJ1ts on this proposed !!Ethod, so that it can if 
necessary l::e irrproved. Furtherrrore, Dr Swatland has offered to initiate a 
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reference bank, vmere rrethods currently available or to be developed, will 
be described, registered, assembled and made available to others. He 
would welcare descriptions of rrethods and awaratus, and will be happy to 
supply information al:::out this initiative. 

In attenpting to internationally standardise and develop our rrethods, we 
should recognise that SCIre rrethods may be used or adapted in certain 
countries to evaluate quality for a specific destination, as in the case of 
a typical locally produced processed product. Both Italian papers in this 
session are exanples of that type of research. r-Dreover, under ccmrercial 
conditions scientific rrethods or techniques may be subject to certain 
constraints with respect to their practical application. Indeed, as one 
participant stated, it might be difficult to identify carcasses the day 
after slaughter and to semple them. However, as Dr r-Dss illustrated, a pH 
rreasurerrent alone is frequently insufficient to predict ultimate rreat 
quality. 

Alternative rrethods for the assessrrent of rreat quality in the slaughterline 
are becaning available. The develq:ment of fibre optics has opened new 
perspectives in this field. The new instrurrental grading equiprent such as 
the Fat 0 Meater and the Hennessy Grading Probe which will soon be used 
throughout the EEC allows operators not only to determine carcass 
cOI'lp)sition, rut also rreat quality, by rreasuring light reflectance or 
scatter in nuscle. There are also fibre optic probes" either comrercially 
available or under develq:ment, which are operated independently fran the 
cOI'lp)sitional grading equiprent. Such equiprent may be used in the 
slaughterhouse, at the wholesale level or at central packaging units of 
retail chains. Can and will these rrethods ultimately be used for paynent 
on rreat quality to the producer, as with l::ody corrposition determined by 
instrurrental classification? If so, how do we differentiate between 
undesired quality traits caused by breeding and managerrent, and those 
resulting fran inadequate techniques at the rreat factory. Are the 
rreasurerrents of light reflectance on the slaughterline detecting, in 
particular, halothane positive pigs with fast glycolyzing nuscle, as 
preliminary research evidence in Denmark and Holland suggest? These 
rreasurerrents can also be used for sorting carcasses for the various 
destinations, including roth fresh and processed rreat. Evidence has been 
presented at this seminar by Dr LundstrOm and Dr Barton-Gade that addit
ional rreasurerrents at later rrnrents may be required to correctly determine 
rreat quality. 

New or rrodif ied instrurrents have also been developed in recent years for 
the rreasurerrent of (corrplex) electrical conductivity. This technique is 
based on changes in resistivity and capacitance of cell ~anes in PSE 
nuscle which is associated with an inherently fast post nortem rretarolism. 
The tw German papers on this technique showed quite pranising results. It 
would be interesting to test these new instrurrents in other countries with 
different pig populations and industrial conditions. Undoubtedly roth the 
rreasurerrent of light scatter and electrical conductivity will be further 
inproved and refined, and their predictive power for determining ultimate 
rreat quality will increase. Eventually they may even be canbined in on
line rreasurerrents. 

As Dr Swatland pointed out, there are potent new techniques caning up for 
directly or indirectly nonitoring the dynamic post nortem processes which 
may lead to an atnormal pork quality. These techniques will not only 
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require further research, rut also a further developrent to a practical 
application in the industry. At present we are clearly facing new changes 
and challenges in meat quality evaluation. 
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REPORI' 00 SESSIoo III 

Control of Meat Quality in Transport, Lairage, Slaughter and Chilling 

G~in 

Session III contained three very good papers foll~ by a rich discussion. 
These papers deal with the control of neat quality in transport, lairage, 
slaughter and chilling, i.e. essential points in the pork production 
chain. 

Reviewing the effect of tine and conditions of transport and lairage on pig 
neat quality, Dr Warriss pointed out that the factors involved are nurrerous, 
and that the results fran IlDst of the studies may hardly, if at all, 
be carpared. This is due to the trerrendous variation in experirrental 
conditions, neasurerrent techniques, classification criteria or types of 
animals under study. Anyway, tv.o rules of great practical interest can be 
derived fran the authors conclusions: firstly, irrproverrents of transport 
conditions will often lead to irrproverrents of neat quality, as well as 
being desirable fran the point of view of animal welfare. Secondly, tine 
in lairage of rrore than atout 6 hours is generally not favourable to neat 
quality; in many cases, 2 hours or less is sufficient. 

This paper leads again to tv.o questions which are central to research on 
neat quality. Firstly the necessity, and the possibility, of establishing 
standardised nethods for use in the European Ccmmnity. This question has 
been addressed by Dr Eikelenlxlom in his report on Session II. Another 
question of primary interest is the definition of stress susceptibility. 
The concept is used to classify animals as stress susceptible or stress 
resistant animals. In my opinion, it is confusing to use for classificati01 
a criterion which is not clearly defined: if one uses a tenn whose sense 
is not clear, one cannot know exactly what the tenn covers. In fact, 
stress susceptibility is generally confused with halothane susceptibility, 
which is not acceptable. To give an exanple, let us look at the results 
obtained in France on Corsican pigs: 

Meat quality characteristics of purebred Large White and Corsican x Large 
White crossbred pigs (fran Goutefongea et al., 1983) 

LWxLW CxLW Difference Pen Pasture Difference 

No. of animals 57 62 49 70 

pH2 5.99 6.20 -0.21** 6.09 6.11 -0.02ns 

r.()I 8.16 9.25 -1.09ns 8.59 8.83 -0.24ns 

LW: Large White C: Corsican r.()I: Meat Quality Index ** P < 0.01 

Corsican pigs live freely in the forests of Corsica. They experience a 
very hard life: practically no food fran their owners, cold, saretines 
snow, occasionally running before dogs or fighting them, and so on. 
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They can hardly be considered as stress susceptible according to the usual 
terminology, and noreover, there are no reports of sudden deaths in the 
breed. H~ver, even \'41en rorn and grown in pens on experi.mantal farms 
and slaughtered under cO£lllErcial conditions, Corsican crossbred pigs give 
a lot of DFD rreat as caypared to Large White pigs. SO they can be said 
to be nore sensitive to pres laughter stress than the Large White. This 
illustrates the need for a precise definition of stress susceptibility 
before using it for classification of animals. In the present state of 
knowledge let us speak atout halothane susceptibility, DFD proneness and 
so on, rather than of stress susceptibility. 

Dr Gregory gave a very well docurrented report on stunning. Pigs are 
stunned by rreans of electric current or carl:x:m dioxide, and there has been 
for years a debate al.:out the respective advantages of each technique. A 
rreeting was especially devoted to this subject three years ago in the 
Netherlands, (Eikelenlxx:m, 1983). No clear conclusion was drawn 
regarding M1at technique is preferred. At the rronent, electrical stunning 
is preferred in nost European countries, rut Danish pigrreat processors 
continue to prefer carron dioxide. This difference could sirrply express 
the fact that the reaction of the market to such defects as 'blood splash' 
varies fran one country to another i also the other attriWtes of quality 
may not be the sane for pork processors in different countries, nor the 
price that these processors are ready to pay for quality. This subject 
is open to further research. 

Dr Honikel examined the influence of different rates of rreat chilling on 
the quality attrirutes of fast glycolyzing p::lrk muscles. He used hot-l:x:med 
pork, a process which is very little used at the rronent in OC countries, 
rut which undoubtedly has a great future and will undergo substantial 
develo~t. One of the main interests in this technique is to preserve 
the waterholding and enulsifying capacities of pork by breaking the low 
pH/high terrperature combination and so prevent to sare extent the 
develo~t of the PSE condition. The danger cares from cold-shortening, 
inducing drip loss and probably toughness. Dr Honikel established in a 
very astute way the conditions which must be follCJYal to obtain the best 
results. At the sane tirre, he shCJYal that the technique was limited in 
preventing the PSE condition. Hot roning and rapid chilling do not allow 
the conplete elimination of PSE rreat. Moreover, DFD rreat is unsuitable 
for vacuum packing and so may cause problems in the develo~t of hot 
l:x:ming. The application of the technique will require rrethods for assessing 
rreat quality on the slaughterline, particularly for detecting DFD rreat, 
and probably will increase the need for reducing variability in rreat 
quality. The best ways to achieve this again rely on better control of 
slaughter conditions and on the irrproverrent of muscle quality in the live 
animal. So, the developrent of a nore efficient post nortem technology 
could in turn oblige us to progress in the intra vitam treatrrent of animals. 
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The discovery of a major gene with large econcmic effects is a rare 
occurrence in animal production. H~ver, such a discovery was made with 
the finding of the halothane gene, which is associated with the porcine 
stress syndrare and has large effects on neat quality and other traits. 
This discovery has stirrulated much research in the past ten years into the 
node of inheritance of the gene, its effect on performance, and its 
possible explOitation in pig improvement schemes. In the fourth session of 
this seminar, the majority of the fifteen presentations reflected the 
overwhelming inp:>rtance of the halothane gene in the genetic control of 
neat quality in pig breeding. 

The current state of knowledge on the halothane gene and the role of the 
halothane test in improving neat quality was conprehensively reviev.e:i by 
Dr Webb. Research has confirrred that the genetic response to the halothane 
test is largely controlled by a single locus, l::ut there is evidence of 
roth genetic and maternal effects on the expression of the gene. Further
m::>re, it appears that the halothane gene may not 00 fully recessive for its 
effect on halothane reaction, or on neat quality. Dr Webb identified 
.im:rediate priorities for research: (1) to provide a quick cheap nethod 
for genotyping at the halothane locus, and (2) to determine the relative 
performance of the heterozygote. Furtherrrore he listed as longer term 
priorities: (3) the separation of the reneficial and deleterious effects 
of the halothane gene, (4) the investigation of the possible mitoch
ondrial inheritance of the porcine stress syndrare, and (5) the 
evaluation of eating quality of pork in the presence and absence of the 
halothane gene. 

The accuracy of the present range of nethods for identifying the 
heterogygote tend to 00 positively correlated with cost. The IIOst accurate, 
test mating, may 00 prohibitively costly in IIOst practical situations. 
The use of blood markers in the linkage group which includes the halothane 
locus, to aid selection for the halothane genotype, was reviev.e:i by 
Dr Andersen. This approach, while dependent on linkage disequilibrium, 
can 00 very successful in changing the frequency of the halothane gene. 
H~ver its catplete elimination \\OUld require absolute determination of 
the halothane genotype. Dr Andresen reiterated the need for research to 
find an accurate diagnostic test for the halothane genotype. 

The econcmic renefit of exploiting the halothane gene in practical 
breeding scherres depends on the magnitude of the favourable and 
unfavourable effects of the gene on performance traits in roth the 
hatozygote and heterozygote. There is evidence that this varies oo~ 
breeds and pop..llations. H~ver there appears to 00 a significant 
advantage to 00 gained fran producing a heterozygous slaughter generation, 
tllrough the devel0tm=nt and crossing of a halothane positive sire line 
and halothane negative dam line. There is ~ver considerable variation 
oo~ countries in the degree to which this approach has men pursued. 
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Carplete elimination of the halothane gene in the dam line, as it has 
deleterious effects on reproductive rate, appears to be an agreed goal; 
~ver achievenent of this goal in rrost populations where the gene is 
present is likely to have to await the arrival of an accurate test for 
identifying the heterozygote. Furthernore in situations where payrrent is 
not based on lean content, the benefits of exploiting the halothane gene 
will not be fully realised. 

The probable answer to the search for a nethod of identifying the 
heterozygote was outlined in a 'preview of the future' by Dr Archibald. 
By applying rrolecular biology techniques to study the porcine stress 
syndrare, it is hoped to prOVide an alternative neans of detennining 
halothane genotypes within the next five years. Furtherrrore the under
lying genetic lesion may also be identified. This work could also have 
ilIplications for the understanding of the malignant hyperthennia syndrOIlE 
in man. Genetic engineering techniques could also allow other exciting 
prospects to becare a reality; the development of a genetically stable 
heterozygous line of pigs by the introduction of the halothane positive 
gene into an egg which was hcmnygous for the halothane negative gene. 
The realisation of the longer tenn objectives (numbers 3 and 4) listed by 
Dr Webb could be possible through genetic engineering skills. This area 
of research deserves full support. 

In his review of the use of cross-breeding to irrprove neat quality, 
Dr Sellier suggested that the classical view that there is no heterosis 
for neat quality traits, should be revised when considering specific traits 
in specific crosses. He gave two exanples: firstly, the fast rate of 
pH fall (low pH ) appears to be inherited as a recessive, or partially 
recessive, trait in Pietrain crosses, where the halothane gene probably 
plays a major role; the observed heterosis was favourable. Secondly, 
there is evidence that the large extent of the fall of pH (pH ) found in 
Harrpshire crosses may be inherited as a daninant or partiallyUdaninant 
trait, possibly controlled by a major daninant gene; the observed 
heterosis was unfavourable. Further research is needed to substantiate 
these tentative interpretations. In another presentation Dr Monin and 
Sellier reported that the Harrpshire breed has a high glycolytic potential, 
resulting in a low pH and a low technological yield. Dr Sellier urged 
researchers who had H~hire pigs available to them to further investigate 
this 'Harrpshire effect'; furtherrrore he suggested that a study of the 
glycolytic potential in breeds where the frequency of the halothane gene 
was low or zero, might begin to explain the residual variation remaining 
in neat quality after accounting for the effect of the halothane gene. 

In the breeding prograIlllES in several countries, neat quality is included 
in the aggregate genotype of the selection index. Dr Vestergaard drew 
attention to the adverse effect on the efficiency of the selection index 
that occurs if genetic paraneters for neat quality are poorly estimated. 
In populations where the halothane gene is at a low frequency, or absent, 
genetic irrprovenent in neat quality will rely on selection for additive 
variance. It is also possible that selection for additive vari?11ce in 
neat quality in populations where the halothane positive gene is fixed, 
could result in sare genetic irrproverrent. 

In order to exploit the halothane gene, it is necessary to maintain 
honozygous halothane positive tenninal sire lines. The "\relfare aspects of 
this strategy of selecting animals considered to re physiologically 
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extrene, or defective, were discussed. It is apparent that this was seen 
to re a corrplex subject, deserving further serious consideration, l:ut 
that the debate should not necessarily re confined to pigs alone. 
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SUMMARY 

P V Tarrant 

The European Camunity is the second largest producer of pigneat in the 
world, slaughtering 129 million pigs in 1983. Pig prcxluction in the EC is 
an efficient industry. Further growth will depend heavily on increasing 
pigneats I share of EC consUl'l'er demand for neat prcxlucts. Consequently 
prices and conSUl'l'er habits are tecaning increasingly relevant. Against 
this background, the control of neat quality is a natter of sane urgence, 
hence the necessity for this seminar. 

There is concern that the eating quality of pork nay l:e declining. 
Organoleptic problems including dryness, hardness and inferior flavour 
have teen reported. Furthernore the classical stress-related neat quality 
defects of PSE and DFD are still of najor concern. On another front, 
there is a growing interest arrong the r:ublic in pig v.elfare during prcxl
uction, tra'1sport and slaughter. 

It is v.ell known that there is an unfavourable correlation l:etv.een neat 
quality and neat quantity in pigs. This is nanifested in higher nortality 
rates (PSS) and lower neat quality (PSE) in otherwise superior stock. 
The pathogenesis of PSS is v.ell docunented. Affected aninals are 
susceptible to a cardiorespiratory complex induced by relatively common 
stressors and rigor nortis develops rapidly after death, inducing the PSE 
condition in the musculature. 

The aetiology of PSS is not v.ell understocxl. Investigators have used the 
closely related nalignant hyperthermia (MH) syndrone as an experinental 
node!. Swine that are prone to PSS are likely to develop MH upon 
exposure to halothane. Sessions I and IV concluded that the prinary defect 
in MH is still unidentified. However, a basic lesion nay exist in the 
rrembranes of the sarcolerrma and/or the sarcoplasmic reticulum, preventing 
nomal intracellular calcium honeostasis in the contracting myofibre. 
Such a rrembrane lesion nay l:e responsible for PSS. Furthernore the 
autonanic nervous system is considered to l:e an essential part of the 
triggering nechanism for PSS. 

The relative nerits of explOiting or eliminating the halothane gene, and 
the importance of the residual genetic variation in neat quality after 
accounting for the effect of the halothane gene, was explored in Session IV. 
The economic arguenent for retaining the gene is that there appears to l:e 
a significant advantage to l:e gained from prcxlucing a heterozygous 
slaughter generation from a halothane positive sire line and a halothane 
negative dam line. The halothane test will continue to l:e used to control 
the gene or to select against it. Selection based on halothane tests 
canbined with blocxl typing nay l:e nore efficient than selection based on 
halothane testing alone, rut has not yet teen fully evaluated. The 
complete renoval of the gene \\QUId require a quick, cheap nethcxl for 
exact diagnosis of heterozygosity. At present this can only l:e achieved 
by costly test nating. The application of DNA technology nay provide 
an alternative neans of determining halothane genotypes within the next 
five years. 
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There is considerable genetic variation in neat quality apart fran that 
controlled by the halothane gene, for exanple the 'Hanpshire effect' 
investigated in France. Selection on neat quality criteria in breeding 
progrannes in several countries is teing illproved. HOM:!ver, there is now a 
diminishing availability of information from slaughtered progeny, l:ecause 
that procedure is l:eccrning prohibitively costly. Future selection may te 
based on the neasurenent of neat quality in the live animal. Finding 
suitable nethods to do this is an i.rrp:)rtant objective for :i.rmediate 
research and develo];llEnt. 

It is evident that the handling, transport and slaughter of pigs is 
associated with welfare problems. General principals for the correct 
performance of these operations were presented in Session III. Lairage 
shOuld not extend teyond six hours other than in exceptional situations. 
The lairage and resting requirenents in long distance and international 
transport are not understoo:l and research is required on this topic. 
With respect to neat quality, very stress susceptible pigs may not respond 
favourably to illproved or even 'ideal' preslaughter handling, l:ecause the 
trauma of slaughter itself is sufficient to initiate development of the 
PSE condition. Accelerated processing of pork carcasses, including hot 
de1:x:ming and fast chilling, may alleviate the PSE condition rut cannot 
eliminate it. 

Although there is not yet full agreenent on what is the test stunning 
nethod, there is a strong arguenent in favour of high voltage head to 
back electrical stunning. This nethod may satisfy welfare requirenents by 
inducing an :i.rmediate cardiac arrest in the animal. H~ver, llUch nore 
practical experience of the nethod is needed to establish whether it 
aggravates 1:x:me breakages and blood splash. In addition, legislative 
changes are necessary in sene EX:: rreml:er states tefore this nethod can te 
used. 

Meat quality is neasured in the rreml:er states for the purposes of neat 
research, selection in pig breeding and ccmrercial quality control. 
Session II discussed the large variation in nethodology tetween 
laboratories in the different countries. Recognising that the application 
of various nethods is frequently subject to theoretical and practical 
constraints, there is a need for tetter international standardisation. 
Initiatives were taken to obtain nore uniformity in nethods of determining 
waterbinding capacity. 

The development of rotust optical and electrical protes for use on intact 
carcasses opens the way for the routine determination of neat quality on 
the slaughter line or at a later tine post nortem. Depending on the 
particular purpose of these neasurenents, their ability to predict neat 
quality may need further lrrprovenent. This may te achieved by lrrproving 
the separate nethods, or by canbining them, or by supplenenting them with 
other neasurenents at the sane tine or at a later period post nortern. 
Errphasis should te laid on their practical :inplenentation in the neat 
industry, preferably with a high degree of autanation. The availability 
of such nethods is essential to give the industry greater control of neat 
quality. 

Two aspects of pig welfare were considered, the general issue of pig 
welfare during transport, lairage and slaughter and the specific issue of 
the welfare of pigs that are prone to PSS. With regard to the general 
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issue, the guidelines presented for the reduction of econcndc losses in 
carcass and neat quality are also valid when applied to welfare. These 
are the avoidance of overloading and tenperature stress during transport, 
noderate duration of transport and proper nethods and equitmmt for 
handling pigs. Tight supervision is essential at all points during 
transport. Short tines in lairage, avoidance of social regrouping, and 
effective stunning and exsanguination are the essential welfare require
rrents for pigs at slaughter. 

Regarding the specific issue of the welfare of PSS prone pigs, any increase 
in pig rrorbidity or rrortality as a consequence of PSS is unacceptable on 
welfare grounds. Thus, neasures airred at reducing the incidence of PSS, 
for exanple by el:ilninating the halothane gene, are seen as beneficial 
to welfare. H~ver, there is no evidence, either physiological or 
behavioural, of distress in PSS prone swine when the syndrooe is not 
evoked. Consequently, it may be possible to produce stress susceptible 
stock humanely where the environrrent has been designed to be ccnpatible 
with the stress-prone nature of the animals. This could be readily 
achieved for experirrental animals and maY also be attainable for stock 
held for ccmrercial cross-breeding. 

The evaluation and control of neat quality is a very active area of 
research and develC>pIent. The following topics, inter alia, were 
reccrmended at this seminar for innediate research attention: 

(a) transport, rest and lairage requirerrents of pigs in long distance 
and international transportation; 

(b) nethods of stunning, including the investigation of carcass and 
neat quality aspects of high voltage electrical stunning; 

(c) harrronisation of nethods and standards used for the evaluation of pork 
quality in rrember states; 

(d) devel0tmmt of nethods for the neasurerrent of neat quality in the 
live animal, in the presence and absence of the halothane gene; 

(e) develC>pIent of a fast, cheap nethod for the exact diagnosis of the 
heterozygote at the halothane locus. 


