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ABSTRACT : ‘ I

'PORCINE STRESS SYNDROMES

Paul Hermann Heinze

The aim of this study was to detsrmine the possible use of blood varisbles and muscle metabolites
in young pigs For the identification of stress susceptibility in pigs compated to the use of the
halothans test; the influence of stress resistant (SR and stress susceptible (SS) pi~ on growth,

carcase and meat characteristics, and on muscle fbre characteristics: and to determine the influence

of halothane exposure and treadmill exercise on blood varinbles, musclo metabolites and rectal
temperature.

Sixty-six pigs were used in this study after being sereencd using the halothane scrcenlnp teat (4%
halothane int oxygen for 3 minutes). At the age of 11 weeks, blood was obtained wuder manual
restraint, and used for the determination of various blood variables, At the age of 13 woeks,
muscle was taken under barbiturate anacsthesia from the M. semitendinosus for the determination
of various muscle metabolites. At the age of 21 weeks, 47 pigs were challenged with halothane,
Blood and muscle (M. semitendinosus) were obtained for the determioation of the various blood
variables and muscle metabolites. Nineteei: pigs were subjected to treadmill exercise at the age
of 21 weeks. Pigs surviving the treadmill exercise were exposed to balothane. For statistical pur-
poses, all pigs that died as a result of the second halothane exposure or as a result of the treadmill
exerciss, were designated §S, and the survivors SR

1t is concluded that the use of the halothane test is supurior to tests using blood variables and
ruscle metabolites. SS pigs have oertain carcase and meat istics, but the
production of PSE meat negates thes advantages. It is advisable to identify SS pigs using the
halothane test, and fo keep the SS pigs from breeditig herds, The biood variables, muscle mo-
tabolites and rectal tempsratores indicats that both halothane exposure and treadmil exercise are
percsived a3 stressful situations, The results suggest that the: mechanisms of stimulation of ma-
Tignant b ia, glycolysis and is are different on exposure to halothane and tread-

‘The, S pigs bad & umxlax averags dmlyg,am thanthe SR pigs; but a lower feed" uou%rsmn rate
duntheskm msswsshdh@ershuyummxmmnrmmmtbemmmda
loer chiliog loss. “The SS pigs had (hinner backfats and were shorter, aud. pmdllcu‘l pale sofy,




cadative (PSE) inet hich wai snore:endée. Tho S5 pigs wers foimd 1o have bighet porcontages

of white murisclé fibres, but lower red and intermodiate muscls fibre poroentages than'the SR pigs: -

Major diffescilces; wete found in the bisod variablés between infothane exposed and treadmill
exciéised pig. The breadmifl éxergise rosulied in more’ sevore smiscle dariage, and was perceived

‘a8 befog mre strgssful, Halothasie expositrg tesulted in a shift of fhuid ‘fécn the vasculab com-

partment fato the q&:‘a’mcum fpagss, nm.e changes wife: exacerbajed. it §S pigs.

' .
The $ieasureingats ofm\lsclc metnbomes indicated a hxgher degree of stimultion of glycd@nolym x

and glycolysis dnrm.gtreadmm m Thic wis also.found ia the SR ~igh, but-the, changes
in'the §§ pigs were more severe, ‘With an iudication of.a higher degree of wnaerobic metabolistt.
duritig ‘balothane agacsthesia in $S pigs. No différénce ifcectal tomporature was found between
SR and 55 pigs on exposure to stress, Treadmill exorcise geherally resilied i higher rectak e
perituces than halpthane exposure.
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characteristios of pigs from herd Y as influenced by stress seasitivity

Table B.S: Mean values, stan? wd deviations (sd) and Tevel of significance of mest
characteristics of SR pigs as influsncod by

Table B.6: Moan valucs, standard deviations (sd) eund fovel of significance of meat
chavacteristics of S pigs as influenced by hord

Tuble C.1: The results of 2-way amalyses of varimace on blood variables from pigs
as influsnced by stress procedure (A: halothane exposure vs treadimill exerciss)
and stress seasitivity (B: SR vs 8S)
Tuble C.2: Mean values and standard deviations (sd) of blood variables from pigs
as influeoced. by halothane exposure, freadinill exercise, and stress seasitivity
Tible €.3: Mean valucs, standard doviations {sd) and lovel ¢f gignificance of bload
varigbles of treadmill exercised pigs as influcaced by str:u sensitivity

Table Cd: Mean vllnes, standard devistions {sd) and level of s!

varigbles of SS'pigs during halothane exposure o aftet o
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icle metabolites of
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Toble D.2: Mean valnes and standard deviations (sd) o musile
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Teble D3: Mean values, standard deviations' (sd) and level-of sigpificance of
musce metabolites of treadwill exercised plgs as nfloenced By stress mmvny
Tabté D4 Mean values, standard deviations (sd) and Jeve] of signifivarica of .,
muscle metabolites of 88 pigs as mﬂnunbtd by strek pmwdnte




L LTS . LI e ) o, "

| PREFACE .

Various authors bave rescarched the characteritics of stress susceptibilty in pigs, Those char-
acteristice have ranged from Lheeﬂeuofm smuﬂhbﬂﬂynngwnh carcase, and meat char-
acteristics, to the effect of stress susceptibility on blood and smuscle variables and properties and
ifs' conomic comsequences. The lesion responsible for stress susceptibility has also received at~
. tention. .

. - 88 pigs have been subclassified into the Porcine Stress Syadrome (PSS) group, and the Malignant

. . Hyperthermia Syndromo (MHS) group. This grouping of the SS pigs is made aceording to the

. response of the pig on exposurs to an agent or stressor. PSS pigs sucomb to physical evercise,

MHS pig, sovomb after xpasure o' drugs, Both PSS and MHS have a common donoiinator

in death and post mortens development of pale, soft, exudative (PSE) musculature, associated with

B the stimulation of glyéolysis and glycogenniysis, 1t has been assumed by various researchers that

L PSS and MHS are identical, with the difference depending on whether the trigger was 4 physical

1 stressor, of a plarmacological agent. However, some’ researchers have. observed that the rate of
Inctate accumlation in muscles of the PSS ind MHS pigs on premedication with various drags .

diffor. Tt is therefiore possible that PSS and MHS are not identical, or at loast may be stimulated

via different mechanistns.

“The priiwary aim of my study was o determine whethef SS pigs would react differently to exposure
of the ansesthiic halothant aid to forcett treadmill exereise, as measured by changes in blood
varigbles, muscle ites and, vectal ification of pigs prior to exposure
was important, The possibie uss of blood varisbles and miscls owetabolites i predictive tosty for
stre ibility was therefore, sso investigated. Peripheral investigations included the influence
of stréss susceptibility in South African Landrace gilts on certain growth, carcass and meat char-
acteristict, and the cffect of stress msoept”mmy on the perm!age muscle ﬁbre types,

“The investigations have been published as journal articles, or arc in the process of being published.
i . JAls, parts of this thesis have been wsed-it shot papers delitered: ot conpresses and seminars.

‘Bublicatiods - - - B ©

”mmsuluonﬂ\ewnh‘wusenndmchmw&mbcu{ herd X dn Cliaptes 3-has been
0 -

publisbod, a5t
l
e S, B, &mmn 0., 298, o, careate hid ek haraskoitis of siess
SR "+ susceptibie and stress resistunt Soud\ Afrigan Londracs gilts. South African Jourhal q
: - Animal Science’ 18] 4546 = AN




*ho major patt of Chapter S on the influcnce of, stress on. the. blood variables hias

been publisied as: o,

Helozs, P, & Mitchell, G., 1989, Stress. resistant -and stress susceptible Landrace o
pigs: coviparison of blood variables after exposuze to halothane or exerciss on a treadumill. 2
The Veterinary Record 124, 163168,

*The major part of Chapter 6 un the muscle metabolite changes a8 a fesult nf, the
cxpoturc of the pigs to halothane or treadmil] exarcise has been subitted as aa asticle,
iflod:

Heitze, PH,, & Mitchell, G, A comparison of some muscle metabolites i stross
suscaptible and stress resistant Landrace gits aftor halothanc exposare o exercise stress.
British Veterinary Joumnal,

Short papers

*The rosults. on tho growth, carcase and meat characteristics of herd X in Chapter 3
have been used for a short paper, tiffed:
Helnzo, PH, & Mitchell, G,, 1986, Die invioed van maligne hipertermiese sindroos
op verskeic grosi-, katkas- on vicis eicoskappe van S.A. Landrassoggies. South African

' Society for Animal Production Congress, Wild Coast, Transkel.

*The resilts on the effect of halothane exposure on S and SR pigs (Chpter 5) have
been presented at
Hoinze, PH., & Michell, G, 987 Vergolyking van blocdveranderlikes tussen
spaningswecrstandbivdende on -gevoelige Suid-Afriknanise Landragiongsde.  South
Afsican Socioty for Awimal Production Congeess, Pretoria.

*Heinze, PH, 1988, Retearch needs and trends: biological - muscle and fat, Ju: Prac.
4h Meat Symposiurt - 10 Septembor 1987, ‘Technical commusication no. 213,
Dopartment of Agriculture and Watcr Supply, Republic of South ke,

‘The thesis has been constructed as follows:

*In Chapter 1 a roview of the relevaat litesature on PSE and portine stress syndromes
is given,
*The methodoldgy followed in this study is eipliined in Clapter 2,
*The use of the halothane test, blood variables and muscly metabolites in predicting $$
pigs as was found in this study, is analysed in Chapter 3, .
*The sesults on the vuximls ‘growth, carcass and meat chavacteslstics are given i Chapter 4
4 i
E 'ﬁLmullsontbcmﬂmnoenihlommndmmﬂmmblwdvarxnhles:m
L presented: in‘Chapter 3, N
. - *In Chapter 6 the results oh the infloencs of halotiane. cxposure or lteadmlll ca-&mse =
' : on miscle setabolites were avalysed and presentdd. =
;¥ Chapler 7 the rosulls an the muscle fibrs chasncterisation ace’ mvc* PR
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LIST OF ABBREVIATIONS E

ACTE © "7 Adrenocoricatropic Yormons o
AbA. Adenosine daminase - 3 s N

. ADG Avorage daly-galn
AT Aloning teansaspinase
AST: 0 Aspesate thausaminase
AT deniking tiphosphae PR .
CK. «.. i, foreatios binage . . .
oAMP i Adenosife 3,5"cpdlic monophmphm
BFD. ... Derk firm, dry
¥CR - Feeth conversion ratio

*TUA Intérnztional -unifs per Htre

CLDH i Lectate dehydrogenase
min, o inkt
MHS Malignant Hyperthermia Syndroms .
M, i plli Molar .
NADH . Niotinamids adenine dimclectide . ’
NADPR, Nicotinamide, adenine dinucleotide phospbate
mnolft . . nano mole par fike
N Not significant P>0,05

46D 5-Phosphuglucosate debydrogeante

Phosphohezose isomerase . . .
_ bico mole per ltrs s
» Pale, soft, exudative
Pale, Soft, Exudative Syndrowe
PSS  Porcing Siresy Syndrome.
", " second .




‘i.l. ~ fairoduction

PSE nuscilatie is & phenomenon usvally associated with pig carvases after death or slaughter 3%
o the adimal, Thé teusclé of PSE cascases is very pale i colour, soft to the touch #nd exudes B

fluid, therefore a sérious meat quality defect for the pig industry. These characteristics are as- :
sociatod with a combination of a rapid P drop post morfem due to stimulation of glycogenolysis 5

and glycolysis, and a carcase temperature sbove 38°C (Bendall & Wismec-Pederson, 1962 Briskey, >
1964), Differences in the défiition of PSE as determined by pH value in muscles occur between a
centra and researchers. These range from a pH value <6,00 60 minutes post morfem (Bermin,
Conradie & Kench, 1972; Mitchell & Héffton, 1980s), <6,00 45 minutes post mortem (MoGloughlin ;
& McLoughlin, 1975) and < 58 45 minutes post ricrtem (Schicfer, 1977). Nevertheless, it is cleasly 25
characterised by a rapid rate of pow morter pH dechine. &

PSE ‘musculatore is not a new phenomenon, As early as 1914 it has been mentioned as boing B
a problém in the manufacture of quality products by German butchers, who called the meat “pale,
wiltery, tasteless and leathery” (Hlerter & Wilsdorf, 1914, as cited by Scheper, 1980).

PSE m sculature muhs as a cotisequence of stress of thio mmal and amnwls need havc 1o genetic

ii;y eause. death and PSE type musculaturs (Mitohell & Feffron, 1982), However, Ppigs having
2 ganetic disposition for the production of PSE musculature; are effected by the inherited gedetic
; deﬁea of:steessisuieptibility, commanly clasaified as poroine stress syndrome’ (Mitchell & Heffron,
“1982): Tbnmiore, thu deyelopment of PSE musmnlmm And the Hoctig its dmlﬂ_pment

Pale colour and exidathye nature of PSE mummhm:

Hemkel & Kini (19135) shoted in their expetimients: that ablm 20% oﬂhe smuplhsmw and myofi-
W - brlllar proteins denatute as a result of the rapid drop n pH. whils the carcase. i stil Yit, This




A
t
3

A

i
]
#

1

donsturation suplained: the pale colour of the muscle in-that the white dehanmd sarcoplasmic
proteias precipitaled onto the redder myoglobin sad thereby hiding it. The siyoglobin ‘of FSE
‘prone pigs i also more Unstable nd proné to denaturation by heat (Bomibers & Sa!terles, a975),
Bothof tisess fictors resylt in a loss of the'red colouir (Bembers & Satterlee, 1975),~.id3ng in
the dwelopment of dhe palencss of PSE muscle.

The w:(ennm of the PSE muscles is explained by Lawric (1979) a5 the Fesult of the ‘genesel
denaturation ‘of sarcoplasmic proteins, “Ihe pmrems lose their ‘Water holding capacity, and con-
sequently fluid exudates from the muscle. Elsctrophoress separation of muscle proteing 24 hours
post mortent seems to subsiantiate this hypotheses (Usunov & Zolova, 1974). he shiyofibrillar pro-
teing of PSE. producing pigs litve also beci fownd to be’ more susceptible to denaturation than
the myoﬂmlhv proteins of pigs producing normal meat (Sung, Ko & Fukazawa, 1976), therefore
dsd contributing to the swateriness of the meat, Howeves, Honikel & Kim (1985} wiaintatn that
only about 20% of ikie sarcoplasmic and myofibriflar proteins denatuse as & of the high
post moriem. carcase ternperature and quick drop in pH. According to thuse atthors, the'wakeriness
of PSE musile is a result of permeability changes in muscis cell membranes, probably resalting
from breaks in the mebranes.

;.1.2. Pray jors iaflacncing the ction of PSE

It bas been recogaised that various practices and factors influcnce the occurrence and devefopment
of PSE ok The main causs are stuaiog fechques and » gonetc prodispasiion o 2o orers
PSE musculature. ¥

1121, Stunoing techuiyoe A ¥

The stupning of skeughte.. animals must be regarded as stressfl (Schopor, 1977).\Captive bolt
stuoning (Naudé & Klingbiel, 1977) and COz (McLovghlin, 1971) have bece
the development of PSE musculature s they stiomilate the rate of post mortem bH decline and
slyoolysis (Scheper, 1977 to tho extont that a gH level of 558 develops itk 45 minutes post
miortens (Yang, Hawrysh, Prics & Abiorns, 1984). The inflagace of the different stunmng methiods
on the production of PSE is ihstrated i Tible 14

Teble 1.3: Inflyenice of xtumumg method oh post mortem pH values in pamlns 3. Tongisimas dorsi
(Naude & Kingie, 1

w

" | Sturfng meihod | a4} " pH 45 min post mérteny 1% PSE carcases with pHi, <600

Captive pottHE G i) 5% )
o - L : w0 .63 BTN m. .,
Hlectrizal stonting o o W R . °
{Bmnguination b s i




Differeitces in the reaction to captive bolt and electrical stunoing have boon observed. With captive
‘bolt stunning, ive struggling of th pig resulted, a not after efectrical
stuning (Naudé & Klirigbie), 1977). The severe muscle contractions assosiated with stunning cause
aceeferated post mortem ghycolysis (McLoughlin & ‘Parrant, 1969 and PSE musdature.

Traditionally pigs have been classificd as boing stress resisiant (SR) or siress Susceptible (S5),
nxually by using the halothane test (sce 14.L). Proneness of the pig towards stress susceptibility
s been indicated by an allcle sotated as Hal. Three génotypes are found, Hal Hal™ (commouly
refiereed to as NNY and HalHal® (commonly reforred to 4 Ni), both being regarded & SR,
‘and Hal"Hal" (commonly refeired to as nin) regarded os SS. The SS pigs react violently on ex-
pasurc. o halothane and on prolonged exposure die. Short duration pre-slaughter stross results
in the intrease of PSE oocurrence in SR pigs. However, 5§ pigs () were found to be insensitive
to pre-slaughter treatmént, end highly prone to PSE development, whereas SR pigs (NN and Ni)
yespotd to pre-slaughter ireatment ‘as weasured by the incidence of PSE muscle in these two
groups (Barton-Gade, 1984).

1t is thérefors possible to reduce the incidence of PSE in SR pigs by changing some of tho min-
dgeraent peactices at the sbaitoir. Novestheless, these changes have no inifuence on the developmeat
of PSE muscu'aturs in S$ plgs. It is thercfore of importance o siady the SS' pig in compatison
1o the SR pig.

1422, Purdine stress syadromes

Although'the tetm porcine stress syndromes s used to describe the three commonly occurring
conditiony in S$ pigs, which are death occurring in stressful situations, malignant hyperthermia
aad PSE production, it has bocn proposed that the term “Atidosis Proneness” might be # more
appropriate term than porcine stress syndromes (Cregory, 1981). For the puspose of my study,
the term porcine stress syndrome will b& used s 8 general term for the different Eypss of stress
syndromes gncountered it the literature. Far the purpose of this study, 3§ pigs is also synonymions
with halothane positive as indieated in Some of the iorature, The thres commonly found pokcine
stross syndromes therefore needs some explaation,

11221 Porclie Stress Syndrome
“Porcine stress syndrome (PSS) s an inheritod. genetic defect which predisposes the affected pig
towadds the development of BSE I PSS ised by sudden déath of the pig
a5 a result of nafusal strossors such as herding, servicing, parturition, Fghting and cxcrcise (Fattorson
& Alen, 1972; Nelson; Joties, Henrickson, Falk & Kerr, 1976). Symptoms characleristic for 988
+ undes strossful siciationis ate iudtte and el rerors, nd with the coutinuatia-of the. sréss,
dyspnoea, Gydsiosls, hypertheria, mictabiolic and respiratory” &cidosis, mmiscle contradtion ahd sig-

: idnty, and a atal sotcame (Waginger, Buumgatocr, Scomid & Mayr 1084, g, lctial notirs
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onmseular” firmulifion b S§-pigs i {Ahers,

Mlde & Gronert, 85

In ax ¢ffost o redyce the
Tiwe beun researched. Premedication with magnesinin sulphate remioved differonces in muscls me-
tabolites, aithongh the muscles of SS pigs developed rigor moctis Guicker (Schmide, Cassens &
Briskey, 19708; Schuidy] Cassons. & Briskey,. 19708). Premodication with megnesium elevates the.
initinl pH valus, and: slows the rate of,pH fall post mortem whereas calcium protreatment resulted
in a.more rapid pH fall, especially in PSE prone pigs like Poland China (Casmpion, Marsh, Schnidt,
Casseas, Kautfman & Briskey, 1971): Thus, calinn, seoms to b invalved in the development of
malignant hypectheimtia in the PSS plgi.

@

Hightr AST, wﬂ CK and aldotase es Tiave xmm. found i 56 pigs afier running 1100m
at 33 ba. %, fhan in SR pigs (Schmitten, Schepors, Wagnér & Trappiann, 19816). The higher
blood CE and LDH acthvities as & result of treadmill ghercise-in § ihan SR pigs are asoribed
to the gieater dx.smrbanm of muscle cel pennubimy in §5-pige (Schmide & Kallweit, 1980),

Mustle glucost é-phosphate, gliicosa”and lactic 26id kre lévated, and ATP and glycopen reduced
at slaughter and at one hour post mortem i SS pigs compared o SR pigs. These lower cacrgy
levels résult in the quicker development of rigor mortis in the mustulatire of SS pigs (Schmidt
et al, 19700; Monin, Seffiex, Ollivier, Goutefongea & Girard, 1981). As glycogenaysis und glycolysis
are stinvilated by catocholaings; it 4s assomed that it plays a pivotal #6le in the development
of PSE muscufaturs, However, “glucialc ‘;m-ef‘ which s the shm of the glyeopen, ghucoss, glitose
&-phiosphate and lactic'ackd and represent the sajor components transformable to lackic acid by
glycogenalysis and glyealysis, are’simitsr (Mosia, ef al,, 1981), sngesting that just prior to slaughter
the §S and SR pigs have the same level of musclé enbrey ih terfus of carboliydratos. The stavghter
of S§ pigs after captive bolt stuuning results in the significant reduction of phosphocreutine and
AT, atid 2i inéregée in factic acid in the M. longlssimus dorsi-compared'to SR pigs. This tread
is” similar in"the M. vastss Joternlis, with the exception that the phusp!mmnhnu concemtrations
in SS dod SR pigs are similar (Sdnmdl of al,, 1970a).

. . D } .
Hence, ahhongh S pigs wight have th same amount of musele enery feserves &< SR pigs, thesé
pigs have aii inherent bigher tats 6f post, mortem pH décfine and PSE miuscle production, There-
fozu, stunning with a capm bnlt stunmll\wonld only swuvnws aw u!mdy serious problens.

Mu!lgmmt nypmlm.m Syndmmc 8
The maligient typerthermis sysdrbme (M) is idonied i plgs resiing frow severe féacticns
o varidus pharmacologic ‘ajents; oty s '?mm snadsthetics and thuscle relaants, Such s s
Mau (@bromo-2-chloro-1.1 el o dicthyt ethé, o L suxe
dmiethontum and fuccinylétioline (Hartisos, sanndm,vmh\.pk, “Hickmian; Déht, Weaver &

%, Torblanche, 1969; Hall, Trim & Woolf, 1972 oiorxm & m;e, 1&7&::;1:11. Lucke & Lister, 1980;
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*Tachyéardia of 200-300"beatejmin, al
unll a decrease in cardids oulpt o
*Musclo stiff-sss occurs rapidly, esph

s S
’%&m zate;and respiratory rate,

psiéphritory acidodis<and haomo«
ot of mualignant hyperihermia, the
mmen! of the acidosis etc, stilk

Chnnpsmphmamwnmmpowmhave
signxﬁuanz diﬂ‘erenws ase found in v-ﬁmls phsm

& Listes, 1976). A genocal increase in the Sirba. )
calcium, sodinm and chlotide is found, as well nﬂlq& ..aﬂu«fmmn (Lunkc et af, A976). Increases &
o caetsol (Mitchalk & Heffron, 19815) tnd catoctBlanines, serum croatine inase. (GK) and factate s
debydrogenase (LDH) (Van.der Heads, Tail Muyllc, 003.3 & Oyactt, 1976) and glutamlr o
sloacstic traosauwinase: (GOT o AST) (Motedith & Willams, 1980 are s common.

t!mmla. Comenmmns nFATP and plids:

Sevenl mnxde ehmgex ougur dunng mlig,nant

o

ine decrease Wi rati of laciite and“g;luw. -phosphiate increass (H-rlw .
nmn :t aL, 1959, Nelion ¢t gk; 4974 Miwhell, Hoffron & Vin Rensb\llg. 1980), ‘Evenr withoit
o, MHS g havé iged 4 calciii and phbuphite o

cen[mlmm at. shngmr ift- the 1\4 Iongi:.rimn.\' Aors] tban‘SR p.gs (Ne'.son o al., 1914

K
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" ‘Musele b, tpiig :howmaqwms pis sither have a sigi jgbor percentags i

(Cooper, Caslns & Biiskey, 1969 Swallan & Cassens, 1973) ol Wighor ercontagy whits, i
Tower red mustle Sibrss, and thusa yﬂthr potential fof gnaerobic Metabolism (Sair, Kasienschmidt,
Casts & Bikey, 1972 Nelson o o, 1974, A bighes light to datk musce b ratio was found
IQ PSE Than, orzna. muscle, with the ]'SE muscle having ‘greater] light, but smalfer dark-muscle

b iametels. (Didey, w;edc Forrest'& Jiadge, 1970). Hloyewie, Hetfron, Mjtchell & Droyer

(1982) were. Inablé to. shmv my”mﬁexmm inl perébntage fibre fypés-between pigs with
types .of stres| fsyndmm y [ . "
S . v } -
A consequence ot‘ MHS is the wﬁ:ducz‘mn of PSE musculature, c'vcn &s a résulf of conventional
:langhlcnng actices without asy mgm wialignant tiypestherniia xg,ggenng (Nelson ef al., 1974) .
b e
L1223 hPSE Synd‘rvuw

- H ar
This PSE synJ lrome (FSES) has be:n " ised as. being 'stress. syndrome) (Chmh & Cheab,
1979). These oigs are HBked t5 the e production- of PSE meat, Whick i sssociated
with the raid. eato of glycolysis (LAwa,"lQ?Q)" Alihgugh they are ot spsceptiblo to maligna
hyp:rthenml ind 4o ot develop the symptoms of MHS on fiafothane exposire; thess pigs produce
PSE musculatiirs with misclé pH values 60" minutes’ post mortem similar to those of MHS pigs,
(Mitchell & Hitiron, 19804); Theso pigs have a-rapidrate of calcfum efflux from the mitockon-eis,
tind although (hey are identified SR’ dn halothane exposurs, they havé a rapid rate of lactate for-
mation, thus dfmslated glycolysis, and w high Jovel of deip loss, fndicativo of PSE meat (Clieals
& Cheah, 197)). The CK valuss of these pigs are ko indisinguihible from thoss of normal
pigs (mmn & Haftmn, 1980a).

s heterozyzots pxy (Mn)\baw been found not to be susceptible to Kalothene exposure (Hradecky
et at., 1950), bl result in axcms ‘being classificd &, oing PCE (Andreson, Jonsen & Barton-Gade,
1981), these terozygouipigs are gonerally classified as being PSES pigs. Although PSES pigs
do not réact t6/ Niothuns in_terms of wiscle rigid.ty and mahgnant hypmhnnma reactions, dif-
ferences are, hiwever, still found, - .

. i

sting
gressive dopolatiéation of muscls frabn S plgs (Glliant, Godt & Gronert, 1080), With o doselre-
sponse Telationship found between muscle contractions ‘o rigidity and mtrumup"u)nr calcinm
coicentratian, this pheaomenon haslbeen studied io. rolationship to MHS and FSES, The calcium

biading capacily of the sarcoplasmic seticubum of MHS pigs i less than that of PSES pigs, which

% very stilaf' to that of noramal pigecivitin the tewpesasure xenge of 25°C to 35°C, Hovever,
at wmpcrumea of 37 agd 39‘0, the calcium bindisg capacity of t!\e PSES pigs decreaseslcompared;
1o Burmal pig calcivin hmdw cupacity, and s mtermediats o' ﬂ\al of the normat and SS pigs
(Nelson- & Bee, 1979). These sbtiors hive also shown thatythe proposed saronp!nsmtc reticulum.

> membnlw nbnomnktu:s of the. MHS and PSES pags afe stmilor a temperatires § lugher than 35°C
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12, Characteristics of stress suscepiible pigs . )
RO T ]

124, and_growth

Sevéral segative Factors regprdmg tﬁnrépmdudmn ity of S pigs haw beoa Found, 53 boars

. possess Towes spermt qualities as ineasited by gjaculation volume, nimber of nofmal sperms arid
totil aumber of-spértns ‘than SR hoass (Schlenker, Jugert, Mudrd; Poble & Heinze, 1984). Also; .

lttors of 1009 S5 ptogeny- have. fewer” gi mdwug,hmmmhumﬁomsnpm(%bb&
.Yofdm, 1975, \Wuh.Am!:r ‘& Fisgher, 1934). o f

Regarding average daily gaill (ADG), 88 pigs have a lowes ADG thua the SR pigs (McGlonghliv,
Abersi Bitler & McLoughlin, 1980; Sthmitten et af, 1981b; De Wilde, 1984) and bayer a Jower
fead convission Fatio (FCR) (Eikelenboors, Mickens, Van Eldik & Sybesona, 19806, genstally take
longer to reach marketing mass, 4ud are more sisceptible to devélopisg PSE meat (Jonbs, Joncs,
Harringlon & Judge, 1971), However, soms sesearchers did not find differerices between S8 and
SR pins fegarding ADG and feed efficiency (Webb & Jordan, 197 Hanset, Luroy, Michaux &
Kintaba, 1983). Dusing growth tridls using German Landravo pigs, il was shown that the mass
gain rate of S5 and SR pigs are indistinguishable fron each othor (Mitchell & Hoffron, 1981b),
which was also found in Swidish Landrace pigs (Lundstroin, Lundchelm, Gahne, Sellei, Andeén
& Perssor; 1983). Gender difforences rogarding growth characteristics were found within SS pigs.
SS Dutch Landsace gilts have a lower ADG and feed efficiency than SR gilts, whereas no dif:
ferences were found in thess two growth charactesistics between SS and SR barrows (Eikelenboom
& Minkema, 1974),

122, Carcase

Geserally, the carcases of SS pigs have ‘betn fownd to have a higher sisughter-gut percentage
{Bikelonbovii & Minkema, 1974; Bikelenboom, Minkema, Van Bldik & Sybesma, 1980a; Eikelen-
boom et al, 1980b), and to be shorter (Webb & Jordan,’ 1978; Schidt & Kaltweit, i1980), and to
have a higher rausclé io faf ratio flish carcases from SR pigs (Monin et ok, 1981; Schwitten et ok,
1981b). Webb & Jordan (1978) and’ Carlson, Christian, Kublers & Rasmusen (1980) also found
thé 88 pigs to have & latger M. longisiinius doist arca; Also; §S pigs. have lower backfat thicknesses
than SR pig carcasos. (Rikelesbotim & Minkends, 1974; Bikelorboom ef ok, 19800 Schuuldt &
Kaltwelt, 1980; Schuitfen ot b, Mlh) 't‘hn leads to SS pigs having generally luglml learcase mioat
jos than their sn I «aL, 19806, s

v " o P

Overall, d\cu ‘carcast characteristics shown by the SS pigs -ace sought aftér, mwl are mmra.e
advaatageons o paciolaty th produces. ANl theée posive atbutes should, bowere, s be
mmlnnd in ﬂm l@n of the meat quulity these umm produce, |
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sl woct qualny e involving S$ pigs have been reported an Aloss from the
imus ‘doksi . greditest i the pH valve 45 minutes. post mrortem is below 6,1, thus from
RSE ype of sacat (Warris;; 1982),-The meak of S§ pigs is also paler (lamdstrdm ef ol., 1983),
altfongh the muscle 6F $5 yigs bavethe.sime concentration of pignent (acaninic o) than that
I ‘of SR pigs (Mopin-ef a, 1981). Geiieral meat quality scores for S8 gilt carcases 24 Tious,post
* mortens are generally lower:than thoss foy SR gilts, with pH values 45 minutes post mortem and
subjca.we »seoring indicating, a high pesceatage of PSE.meat, (Eikeleoboom & Minkems, 19M4).

» pnlatabdny d:ffmnw viere fmmd by 4 trained taste pane} between pork roasts of normal
and PSE quality regarding fictovs such as tendorness, favour and juiciness (Searcy, Hoarison &
Andgrsomy 1969),. The pork roasts o noimal and PSE quality weze also found to be of equal
tendbradss by objeotive Warnsr-Bratzler tehderness measurcment, with no differnoes in total mois-
tire, ps defermined by Casvar Fress, orif roasting losses, PSE meat was, howevor, found to bo
ess tender by shear fores mcasaremcat than raeat of normal quality by Dildey ef o, (1970), whereas
Fox, Wolfam, Kemp & Lar,  (1980) found normal pork chops heing less tender than PSE
chops; with the PSE scoring lowor on juiciness, raw meat colour, Bavout, cooked aroma and gencral
satisfaction. Thvs, & high level of controversy still exists roparding the tenderness of PSE meat.

PSE meat has a definite influcnce on the processibility of seet into meat praducts. Meat from
SS pigs, boing PSE, bas a dower curing sbility (Monin o al, 1981). Fermented sausages mads
of PSE meat havo higher molsture diffusion atss, 2+hio-batbituric acid (TBA) valucs (which is
associated: ith rancidity), asd lactic acid content than sausages mads of normal weat, whercas
the colour of the PSE containig sauseges hive a palcr red ad more yoflowish colour, with lower
wiltér holding capécity, vater dttiity and shear force (Townsend, Davis, Lyon & Meschor, 1980),
thss Yaving & Jower quality tyin sausagts made from pormal quality meat. Fatly acids of PSK
tmeak are more sisceptible to diidation and rancidity. Retsil displayed PSE chiops alst showed
ligher TBA values than their siormal quality counterparts (Fox et af,, 1980).
Breed also nfluences meat quility between S§ asd SR pigs. Although the meat qualy of S§
Swiss Landrace pigs s lower than that of the SR pigs, no such differences were fovad in the
Swiss Large ‘White pigs (Schwbta:, Blum & Rébsamen, 1980): The samé type of results were found
betioen the bresds Dutch Yorkabire'and Dutch Landsace, wih e meat quality o the-SS Duich
Landrace bedig fower than thatiof the SR pigs, although no stch dxﬁnrenm were found between
e85 and SR pigs of te Dileh Yorishire breed (Eialeiboom; 1975).
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13, Economic ﬂggmf.anee ot PSE muscilature o

s nof differénes. betwoen e aming adid profiles of mezt of wormsal and PSE quality pxis, the
-différences betwaen these: two nm\ types is mpmank in'the ecohomic-and technological areas,
and'not n the mutriticinal sense ich, Augistini; Schon & ‘Schepe, 1975).
Cotisumer préferenice in termhs of prkclizs beeh towards the rediiction in fatness (Pedersen, 1978),
whick is & Iportait fictor-ia selecting breeding animals. The seleclion would b for the reduction
in the fat'tS wayscli ratio, usially without taking into accotint meaf| quality characteristics. Ar the
‘avea of.the M. longissius dorst and carcase lean porcontage of 8§ pigs hawe been found to ba
sgn-ﬁunﬁygwmmanmoséofskmwnkmcmutn:pemanmgebcinglowermdbukﬂt
thidkness beiug thinner, #t resulted in the selection of brecding stock with these traits withot
taking the proneness towards PSE of these Bigs into: consideration (Caclson et 4,
1980; Bikelenboom ef al,, 19808), The higher probability towards PSErmeat production has been
correlated with the reduction of rat depbsition, thus a thinner backfat, in the hypothesis by Miller
1983) (Flgce 1.4):

o Sefection for reduced fat deposition

¥,

« sedurgion b Jasilia seuretion
« ifocens of the secrction andjor metabolic rate of catsbolle Hormones

+

e of giyeopenoiyls  Rate of lipogenesls  Rate of fipotysis Feed intake Gromwth insensity

 Accumolation of tac-

"w fate
f Reoction of it de-
poshion,
Tiéoredse of plt
M l Fostive corsition .

0 -
Figure LX:' The implications: of election for reduted faf deposition (Miler, 1983)

Pcbz museulatoe in pork ha boea recogised o5 of importance in the e tudustry-a8 it rests




Bigs with ition for producing have been found to lave thinner backfats,
Pork with thinier backfst, rosults i the splitting of the fat (Reid, 1983), and therefore in the
Qifficulty in slicing sides, and leading to non-eniformsnd-products, Nowuniform end-products aré
& result of acouatation of brine'in pockets formed with the use-6f new tochnolopy high pressure
‘beine injectioty (Reid, 19¢4): The scparation usundty takee p\\r ‘butween the different backfat layers,
between backia gud muscle, and batwoen intermusguse; fat, and muscle (Wood, 1983). Thinner
‘backfat has a:Jarger- porcentage wnsaturated Satty mdpwh;‘.‘.‘_clf Borrdlated to the effect that PSE
‘pork hag highar TBA values, indicative of rancidity, evén Jm !mzén stnragz (Flynn & Bramblet,
1975%
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Another quality dofout ia pork which causes sovers problems in the meat trade, is the phenomenon
Of dark, firm and dry (DFD) meat. 'This is associated with pre-slaughter glycogen exhaustion. In
a survey conducted at a South African bacon factory; if was found fhat the thinaer the backfat,
the higher the fncidencs. of DED pork (Heipze, Gouws & Naud, 1984). It would thus scem that
pigs vith  predisposition for developing PSE meat may also by more inclined to produce DFD
miat under certain manageisient <onditions.

Fresh PEE meat also has a higher shrinkage rate (rate of mass loss) than siotmal meat. Econdiic
consequences follow, Assuming that § biition kg of caxcase pork was produced in the United States i
of America in 1977, and that the incidence of PSE was 5%, the Ioss as a result of excess shrinkage
would be in the ordet of 1 to 2 million kg (Kauffman, Wachholz, Headerson & Lochner, 1978).
Hall (1972) estimated that in the Unitod States of America PSS, -whick results in the premature
death of pigs during fransport and other stressful sitvations, and PSE, resulted in a financial loss >
of bitween $230 milliow and $320 millioa per year. It is thus clcur that PSE pork resuits in financial
losses. In a more recent publication in the United Kingdom, -the: financial losses as a result of
PSB were estimited to be 2,2% of wie value of the mass of 1éan in all pigs slaughtered (Warris,
1982). Consemers prefer normiad teat to PSE meat (Topel, Milter, Berger, Russt, Parrish & Ono,
1976, Wachholz, Kauffman, Henderson & Lochner, 1978), with the. result that PSE meat semaing .
in display cabinets for longer periods. Tt bas been calculated-that the financial loss occurring as @
axesult of PSE pork is as high as £8,74 per-carcass, depending on the effort to ensure the ecarly
sale of PSE meat, whereis the curing of the meat for bacon results in & loss 6f £1,13 per carcdse
# & result of reduced brcon yield (Smith & Lesser, 1932)

The fnancial losses as 3 resuit of PSS pigs-dyisg dunng ot after-trahspost to abattoirs in Sweden
in 1979 were estimaiéd. so thrso. million Swedish cvowns pés yoar (Fablansson, Lundstrbi & Sans-
son, 1979): The mortality Tale amongst SS pigs during the fattenitig and’ transport ‘periods are
approximatoly 10 times bigher than fir the SR pigs (Eikelenboom et of, 1980b). The negative
financial influence of PSS pigs was also demohstrated by Koiztolich (1983) in Austria, Atthough.
the SSiplg carcanes resulted in 2 bettes financia) reward to- the,) ,produieer s a result-of a h@u
et to fat ratlo; as.well.ag thinher backfats, protiuction losses suth as siower ymmh ate et
nfﬁcss'p!gsnnﬂxﬁbdﬂwkrghetprmum pudfor the meu .
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A survey in the Federal Reputilic of Germany amongst butchers and bacon factories. indicated.
that the Toss aé a-resule of PSE pork ranges from 16 fo 35 DM/100kg meat (Stoinhruf, 1970).
Although *ue Snancial fosses incurred by the South African pork indusiry has not been estimated,
1 probably substantiall Fifty to 60% of All carcasek at a South African’ commercial abattoir
bave been found to be PSE (Berman et al, 1973).

The improvement ja carcasé characteristics in SS pigs is more than offset by negative meat-quality
‘characteristios, smaller Hitter size and a higher inciCence of sudden (Webb & Jordan, 1978; Carden, ,
Hill & Webb, 1985), Therefore, it is in the interest of the pig industry to eliminate SS pigs from
breeding stock a it resifis in serions fhancial losses. B

L4. Ante mortem identification of stress susceptibility

From the foregoing discussion it is clear that carly identification of pigs likely to develop malignant
hyptrthermia or PSE is important, Several predictive tests have boen proposed and are in use,
The use of the halothaus test, Blood enzymes, blood typing and muscle variables will be discussed,

143, The haléthane test

The development of the malignant hyperthermia reaction on the cxposure of SS pigs to halothans,
has lead to the development of the halothane test. It i cloar from Teble 12 that 20 standard
halothano test procedure has beén set by countries or researchers, and this may complicate the
camparison of results published betweea countriés and even ressarchérs. Novertheless, it has been
shown that the extension of the-duration. of the test-beyond 3 ruin is impractical as amost of the
$S pigs react on Kalothane « posure within the first 3 minutes of exposure, with only 3% more
88" pigs being detected with the test dusation extended from 3 to 4 minutes (Webb & Jordan,
1978). However, with tho Increaso in age and mass of the pigs, the time for the initiation of the
positive reaction by S§ pigs inctsases, and with the decrease in the halothane conceatratiou, the
tise period for the appearsuce of the positive reaction increases (Schmidt & Kallweit, 1980).

Fho potontial beaefits sesuiting from tho tost has prompted the routing testing of Ditch Landrace
pigs sk the Dutch national testing stations (Bikelenboom ef al,1980b). The halothane test i 2o
usod T the progony festing of breéding herds affiated with the Swodish!Furmer's Markefing
sotistion, and in this programific the safe of 5§ id:nnﬁed pigs i nat permmed (Lunﬂstrbm ag
al,igd), - -

Limitations o the halothane fest have been mnnmd 3t is ot puwble to detect N, pigs wnf(
the fest, Whether using, the test as a"halothane vapor lmugh A f:we mask, ot ‘throwgh intravenous
administration: {Gregory' & Wilkins, 1994), although these pigs 28, alsp extfenysly prooe to PSE.
develupmm(. Hecs, it mgm onlly be possiblé with-the: a};phuuon of uxe hamhmuer to reduce

s
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the agmurrancs of SS pigs to betwoen oo and two perceint (Bikelonboc:n ef al, 1980). Using
the halothans test # well as sclodtive breading triaks, the decurrence of S8 pigs sould bo prevented,

Table 12 . The halothane test ox used by different researchars for the identification of SR and SS
g §

Flow sate Durstion ,_Coantey Reference.
4% 5 min Netherlands Eikelenboom & Minkoms, 1974
% dmin Awtls Mchee st 5, 1979
5% 25 tmin Swis,  Nebedwds  Fikelenboom st 157
% 2Sitmin 4 omin . Nehoiliads . Bkdletboom g, 197
% ! 3w usa " Carbon ool 1980
s% 7 2 gmin S min Telwd McGloughlin gt ak, 1980
4% 28 Vmin 5 wilh Federhl Republic  Poii et o, 1979
of Germany
480 for } min; - 23 Ymlo 3 min Uk Webb:& Jordan, 1978
3% wercattir
% 6 Vmin Yeders] Repoblic  Schmitten gt al. 1981a
B K of Gennany
A% 1,5ymif, S min Switserland Schybrer b at, 1980
Tacotreet, classification of pigs regerding steess ility is calculated to be 2 5%,

with the assumption of equal esror rates among S5 2nd SR pigs. ¥ this assumption is proved
incorzeet, the rate of error in dlassification may be. higher (Webb & Jorda, 1978). Webb (19806)
Tound the disagrsement between two repeated halothanie tests to ba 9%, and thus the incoerect
dlassification on a single test roughly 1 in 20, thms 5%. Petri, Oster, Haborkorn, Gindele & Képpen
{1979), however, found the percentage of animals being classified the same during two repoated
halothane tests to be 72%, witls 86% of the pigs being classified the same if pigs classified a5
being “uticertain” wore ignored. With four repeatod tests the repeatability of the halothune test
“was doterntined a5 85% (Kaliweif, Schmidt & Uushelm, 1580). The association of SS with PSS
seems difficult to assess, witk the association between PSE developmenit and stréss susceptibility
not Belng conipleds (Webb & Jordan, 1978). Gender Bk been found mot o influenss stress sus-
upubxhly with the incidence of SS pigs being cqual between the different sex types (Kallwut o
b, 1980).
o
THE €O concentration in the anaesthetic gircuit alsoaffecis acearacy by diliing the balothane
 concentration, Therefore, S5 pigs may not show mwscle rigidity and arc thercfore isclastified
95 SR pigs, The halathane concéntyation may be 1-2% lower than the setting on'the vaposiser
(Kalleit et.al,, 1980), The vs6-oF a COz absocbe v@t‘h the use.of semi-closed systonié is thus

- udvxsub]c. The use of higher halothane concentratiohs and flow-tates are recommended for the

nore retinble. detection af S5 pigs ﬁ:auwmt et al., 1980). Highet ambient temperatures (ic: 36°C)
testlt’in the bigher détéction Yate of 85 pigs fhan ‘at lowur ambicat temperatures {16 and 25°C)
(Kallfet, Fouertierdt & Houning, 981): Nuitional influsnces ‘on the reaction time s S§ pigs
v beén postylated {Jorgsnsen, 2982), possibly related 1 thb profein levels in' the foed (Joigensén,

#4983), Hnl‘iy@xne concentrations fower than 3% juicccased the dumber of false egative Digs, aid ¢
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iercasing the concentration results in the mors rapid onset of maligrant hypesthermia symptoits,
hos & dosefresponse relationeiip (McGrath, Lee & Rempel, 1984), a telationship also foudd by
Grogory & Wilkins, (1984) using an intravenous halothane test. The authors indicate that a con-
«centration of 3% should be sufficient, which agrees with the conchusion; of Webly & Tordan (1978).

1444, | Incidemes of stress Susceptibilty In, i breeds

v . . s
Th selettion, of pigs with Higher muscle fo fat ratio's in breeding strategies seems fo be implicated
i the incroase in the incidence of pork of fower meat-guality, although the specific faclors re-
sponsible for the detgrioration in meat. quality are still unclear (Hagemeistet, 1965). However, pigs
with a hightr carcase meat percentags have lower wltimate meat quality scores (Eagemcister, 1969).
‘Breed differcrices are evident in the-pH values 45 minutes post morter, with Landiacs pigs haviag
a lower vt than Large White pigs, and this pH.value Js moderately heritable: in both bresds.
Tabing the relationship pH value 45 minutes:post morfent and certain economic important meat
qualify traits into account; the evidence indicates that breed differences wait: (McGloughlin &
‘McLoughlin, 1975), 2s is shown in Tible 1.3 comparing the incidence of SS pigs it different breeds,

Table 1.3; Incidence of halothaig reactors in different breeds

| Bread Year, % Renctors _ Country Reterence:
| Australian Londrece. 206% Austealla MePhee gral, 199
Irieh Landzace 197678 7% Treland McOlooghlin st.al, 1960
 British Landeace wren U nw Uk Webib, 19806
Norwegian Lundtace 5% uk Wenb & Jordas, 1978
Swiss Laideace wm 2% Swierlnd Schwdrer ¢4k, 1980
Gerian Landrace 0% Foderat Repub-  Schmitten ct.ql., 1981
e of Germany
Avstralinn Large White . % Autralla McPhee stal, 9%
Iriah Lasge White 101678 o Trotand MeGloughtin <t al, 1980
leisk Locge White 19799 0% UK ‘Webb, 19800
Enitish Large White o UK Webly & Jordan, 1978
Swiss Large Whits 197978 3A% Switzertand Schwirer ol gk, 1980
Teiek Welsh W68 63% Ireland. MgeGtonghlin gt nl., 1980
Hampshirs ) 1% UK Webb & Jocdan, 1978
Dusoc % K Webb & Jordan, 1978
Vorkatie 23 uR Webly & Jordan, 1978
Belglon Plctrain 2p% __Belgium onset gb.oy, 1983

. The generat mode.of inkecitatice of the gene kas been indicated 45 2 simple- antosomal recessive
gene (Bikelonboom, Mint ma & Ven' Bldk, 197; Smith & Bampton, 1977 Rempel, McGrath
& ddis, 1979; McKyy, Rempibly McGrath, Addis & Boytan, 1962) sithough Jith possible Figh
ot complete. ‘penetrante, but with variable expression 0f oue recessivegene, (Hiradecky et al., 1080
Pazders, Hyanek, Hrubdn, Hradecky, & Gabne, 1983), o evon with an mded suppressor. locts
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{Imlak, 1.984), The ‘igh of complete pmumu, ‘biit yariable expression may explain the diffetence
i the dose mqnm:dm iitigte Mﬁ,nhpnant hyperthecinia: reaction (Gregory & ‘Wilking, 1984).

cexmnblood “,’ ities have bedn‘found to vy b S5 and SR pigh. Sammmvxty
of CK; LDH atid aldolase ‘aze’ highr-io- the slavghter blood of pigs developing PSE suscblature.
thar plps ot devolopiig the meat quty 'défict, and it hos therefore beeit progosed that dhese
earybied might b of diagnostic vale -towardd the identification of PSE prone pigs (Bermas e

" by 1972 Fikelenbbo-& Miaketin; 1974). Also the worrelation botyeen the activities of CK, LDH,
aldalsic #ad AST s weat quality basc bogn forad fo be-igh (Schmittea, Schopers, Wagner
& "TFappiiatts, 1981c), Eercise stress increases tho fotal LDH, and LDHs actyities in the blood
(Kaltweit; Mades; Stelafiauf & Wenigsr, 1975), thus’ gifing rise to. the assumption that the magas«
urésient 6f serwat enzymio- actvities after stressful situations Such as excrcise, iansport, or the
injecting of “Myostress”, & “preparation contdiniitg neustignirio nad stropive, may result in miore.
acctirate med:mon ai sitess susoepmhimy (B:ckhardx & Richter, 1980).

Thie Ttost pmmim-g resulks seem o fi\dmle the use of seruin CK activity 24 hours after 2 stand-
ardised stresy imposition, $uch 18 a 100 m rai (Bickhard, 1981), The use of stich a musclé specific
enzyme as CK Jias sonie practical problesms. Duing the fast growing poriod the serum (K betivities
of $§ and SR’ pips are indistingiishable (Mitchell & Heffron, 1975). The pre-blood taking history e
of the pig is generally unknows, witk physical exercise and fighting resulting in clevated valucs. )
The methiod of blood taking may also havé an adverse influence on the predictive value, 25 muscle
is daraaged and mdy fead to the Joakagy of-CK into the blood. Vitamin E deficiency, injury and v
injections of aggredeive drags may-slio increase the CK sctivity in the blood of the animal (Bick- :
‘hardt, 1979). It is therefore indicatéd that the use of CK activities cannot be used for the ident-
ifieation of all pigs Tkely to develop PSE. (Mitchell & Heffron, 1980a), and that the use of CK
Holivities s ‘wonouting teasure for prediction is as yet not practical {Stanichsen, Bmst & Claus,
198%). ¥lowever, it has beed indicated that CK activities may still be of practical value in the
detootion of SS pigs, and that 4 ‘more recise prediction can be made if

*only pigs abave 60 kg are ‘tested,

*1.>-sick anfmals are tested,

*bloud s taken from the ear rather than from the vona cava,

*the animals b exposed {6  Standardised stross procedure 20 to 24 ours prior
to CK deferniination, ¥

*blood:is riialysed immediately, s not frozen, and is analysed by an expedionced R
Jabocddory (Bichacgy, 1975), e




143, Blogd tyning

As azpéult of the halothane test only identifying homozygins 5S pigs, the complete elimination
of §8 'plgs requires’mofe, specific tests, which maf include bload typing (Webh, 1980z). At the.
Swits Tustitote of Aninial Prodyction Swiss Landrace pigs were selected as a vesult of a selection
index which combined. daily gain, wtrasonic backfat thickness, and the average performancs of
the: animal’s full and. half sibs, without taking into corisideration any parameter for wtress suscep-
tbifity: "o Yines wero produced, one pasitive and one segative regarding the selection index.
The results showd thit the positive Tiie had a significantly lower pHy. valne, groater porcentage
musele in.the caresie, and a paler type of meat, parameters very similar to-that of S pigs. Blood
gedetic markezs for Hal® and phosphobexose isomerase isoenzyme B (PHIP) were positively corre-
Iated with the Posifive i, Adenosln deaminase (4D4) aiid §-phosphogluconate dehydrogenass
(6EGD) differences betiwcen the two production fines were also fonnd. ‘Theso markers thus give
the opportunity for selection. No differences were obviovs between the- two line:: regarding the
H blood group (consisting of the factors H*, H® and H°) H* and 6-PGD™. The wse of marker
gerfes miay therofore load to the' significant improvement of meat quality, and with the use of
the markers H, S (A0 blood group) dnd PHT with or without halothane testing, meat quality
could be intpeoved ahd lead to the reduction of 55 pigs in the herd (Lundstedm ef al, 1983;
Schwbrey, Vopeli, Blum & Rebsamen, 1983; Vogeli, Serwig & Schrecbeli, 1983), Bowever, 6-PGD
is in general indicated to be of 80 use in the sclection or prediction of §S pigs (Hanset ot 4/,
1983).

In Denish Landrace pigs the lock for Hal sad PHI have been found to be closely linked, with
a bigh assoclation botwosn PHT-and meat quality (Androsén, 1979), and could thersfore be ims
portant i tho predicdon of ibility type. [n the Pieteai ire: crass pigs a dlear and
predictable finksgo between the halothae locus 2nd the gemotypes ot B, PHI and 6-PGD losi
was fowad, althongh the assosiation betwessi the halothane locus (Hal) and the lock for H and
PHI s not absolate, and may dif-~ betwesn difforent British Landrace herds (Allen, Choah, Tlok,
Lister, Steans & Webb; 1980). Thias, although the genetic matkers may give aa-indication of the
proneness. of the pigs for- producing PSE musoulature, the prediction s still not unequivocal.

144, Muscle variables

Muscle biopsibs have, receivedl ativntioh In the rescarch on SS pigs a5 4 Tosult of it being Ui
sotincof the heat produced during’ sialiphant kyperthiormis, and alsb as a résult of the genersl
stinnilation of glycogenolysts aid glycolysth duringthe development of malignant hyperthermis, The
major. obstacle in vsing auscle bmpm.i s thiat in arder to ohtaisi milscle biopsies, restralnt and/or
anassthesia bas to.be wsed, restiltihg in stress of the animal. Anacsthosta inevitably causes severat
physiélogical reactions it the"bady that inay change variablés being davestigated (Piffer & Len-
gerken, 1584). Tiking a mustle biopsy vequites tifg, resulting in d:l'lue.nces in metabolite von-
centrations ivyivo and, those determined ln the biopsy, To nilaiuse the probloin of he time lapse
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‘bétween taking the biopsy and extraction of fhe lites, and of the iise of ics, the
‘use of a “shoot biopsy” has been introduced usiug a modified captive bolt pistof (Peitfer, Lengerken
& Henncbach, 1981). The application of this techaique- 35 complicated in that it s expensive, la-
bourious, demapes carcases and may prove to bo unacoeptable to animal welfare viganisations
(Webb, Carden, Soith & Tmiah, 1982), Despite these difficulties, several studies have been done
usiag muscle biopsies.

i .
Ak fosit of the general stimulition of gyeolysls and glycogenolyss, the high eaccgy compouads
uch 85 ATP and dine, as woll as the metapolites of the is system have
seseive aticotion. Musclo from $5 igs havo lower glycogen and ATE, and higher ghocose. and
lactats concontrations than SR pigs 60 mmu:cspwrnmmm {Schmidt et o, 1970a; Monin et al.,
1981), which is compatible with the idea of a general slimblation of glycogenolysis in 5S pigs.
Furtheraore, aftes balothane exposure, muscle from S pigs have aleo lower ATP ard phosphor
creatine, and hipher lactate and glacose 6-phosphite condentrations compared to the muscles of
SR plgs (Harrison et a., 1969; Nelson et ., 1974; Mitchell ef a., 1981b). These metsbolites are
therofore of potential value for the anfe mortom identification of 53 pigs. Also muscle LDH activity
s higher in PSE M. longissinus dorsi than in the musele of normal quality 24 howrs post mortem,
with an increase ia the LDHy aad especially the LDH; isoepzymes (Usuuov & Zolova, 1974),
and might also have poteatial disgnostic value. However, muscle biopsics aro impractical in that
the procedures axe expensive, labourious and that its precision for diagnostic pusposes is sl va-
proven. (Mitchell & Heffron, 1982).

The use of in vitro wuscle codteactions as a result of tie. exposure to malignant hyperthormia
elggering drugs may also be used for the detection Gf S5 plgs. On exposure of the muscle biopsy
to the tiggeriag agent, tho contractions produced in S5 pigs are preater than thoso in SR pigs.
The use of oaly one agent is not advisable as somo overlap may oceur between tbe contractures
of SR pigs and the wide scatter of lues from S8 pigs, yhich result from the Bigh level of hete-
rogeneity amongst 8S pigs. Therefore the degree of mscepnbxmy amongst SS pigs appears to vary.
The use of multiple trigeering ageats reduces the chance of error, The use of 3% halothane, 2
mumoll eaffeine, 80 mmoll KCY, 1 mmolfl susamethonium and 100 ymob] thymo! have beca sug-
gested. (Okumurs, Crackes & Denborough, 1979). '

The rats of calcium offlix from the mitochondria has been proposed #s a very sensitive method
for the detection of PSE prone pigs, and not only of SS pigs, bot also of PSES pigs because, of
the close oertelaﬁon between the caleiom cffiux rate and lactate formation in the muscle, and
between the fate of caldiui offinc and drip loss b :x»mm from pigs (Chéah & Chealr, 1979
Aﬂcnzfal 1980). The hnuddakmnssplglt{ s dorsi also contalns. more ca-

" dogenous calcium, releass it more zapjdly following the addition of an wncoupling agent under

aerabic gonditions has thoso of the SR pigs (Cheali & Cheal, 1981b; Cheab, Cheah; Crossland,
Gasey, & Webb, 1964). Althéugh these methods ars pronlsing; they are labdurious mui oxpénsives
lnterp:mﬁnn ol the results may not te umcqmvnu!.
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Development of mah ant h etyinia
From the literature it ks evideat that hormones, the ncirst system, the muscle and its subfracuons
ect, may all by fuvolved in the devclopment of malignant hyperthormia, Bach of these witl be
discudsed brisfly, as well s the ipfinence of the xpose of S§ pigs to halothane andfor exercise.

151, . Hormones

s thostross susoeptibilty of pigs and the pioduction of PSE meat is associatod with a generat
'\\lhhunof is, hormones which. stimufate gl Glysis such as the

- “Gorticosteroids and thyroid horinones, conld be impértant in the development of malignant bypcr

thermia,

1511, Thyrold hormones

Tissue metabolic rates are regulated by thyroid lormones. As stimulation of the metabolic rate
{& muscle leads to PSE museulature, thyroid hormones have indirectly been implicated. Hyper-
thyroidism, therefore should theorctically cause the production of PSE muscutaturs,

is, however, i ible with Lo fuvestigations into the effect of thyroid. hor-
mopes on meet quality by Ludvigson (1954, 1955, b, 1957, 1960 as cited by Fischer, 1974), Thyroid
hornfons concentration changed with seaton, with highor concentrations during the colder winter
‘months, and lower concentrations duting the warmer summér months. The incidence of ¥SE, has
been fund to correlate with these changes, vith & higher incidence during the wasmer months,
and a lower geourrence during the coldéer months. As a result of this corselation, pigs with &
predisposition for producing méat of a horreal guality, were given methylthiouracil for 10 days
prior to slaughter. These plgs subscquerily produced PSE meat, Also, pigs with a predispositios
for producing PSE mest were given iodhne-caseisi for 9 to 14 days prior to luughtsr, resulting

" i the enhancement of meat quality as indicated by the muscle pH. values, although so differsncos

wers found in lactate concentration. No explanation for these ﬁndmgs could be found, but they
imply thit hypothyriodirise is associated with PSE "

“_ D the other hand, by esthycoldism caused by alrpplemenhng pigs with thyrosine rosulted'in the

stmu!aﬁm of post monian glycolyals, wheros & idism through results.in the
retatdation of  post rdrtern gyeolysis (Marple, NachrBiner, MoGuire & Squiros, 1975). chﬁhchss,
o, §ignificant dxﬂ;:reum were found betweer 8 and SR p@ at gest; or aller ransport amdsng
sequent slaughm, m 'l'; or. Ty eﬂneentriuuns,"wnh resting and aftw !rnnspm and sinngh\mvalus
glso being similar (kogdnk\x. Bnunger & Faber, 1982), In ; x rewnnlndy,‘lwmver, hlglu:r T Tevels
weie found in'S5 pigs, thongh T4°and Thyroninc lnnd\ng cupacity Betwoon the'SS and SR pigs
did ub\(diﬂbl' (De Wilde, 1984); which s in. accordan¢e c with the finding; that S pigs convert
Ts more capidly. to T than SR ‘plgs (Mazp}e, Nar.hmmel Pntchs!:, Mi!u, Heowrs & Noe, 1979,




‘:‘1.5.1.3; Catecbolgmines L ‘,,‘.

Thése incobclusive findings suggest thiat the thyeoid hormoties are not the primary lesion for MHS,

but inay have a concuirreat and ing action onee malignant ia fios been triggoréd:

1512, 'Corticosterolds -

Although, it has been fndicated by Rogdakis ot ak (1982) that 8 pigs have the same concentrations
of cortisol and ACTH than SR pigs befois and after stress, the consensus seems 1o be that SS
pigs have, fower cortisol levsls than SR pigs (Mitchell & Hoffvon, 1981a). Even after stimulation
by inravenons injection of Synachien, a synthetic ACTH proparation, the concentration of cortisol
in §8 pigs was.lower, The rate of cortisol increass in SS Landrace pigs was also lower compared
to that of SR Landrace pigs (Mitchell & Heffron, 1981a). Halothane exposure stimulates tho release
of cortisol during the first S minutes of exposure, and the pattern was sinuilar to the stimulation
by Syaachten: the fncrense in SS Landrace pigs was lower than that in SR Landrace pigs (Mitchell
& Heffron; 19812). :

Several seasons for the contistently lower cortisof lovets in SS pigs have boen given: exhaustion
GF the adrenal cortex and therefore reduced secretion, increased metabolism or utilisation of cor-
tisol, impaitod s ol biosynthesis or a reduced stimulation by ACTH of the adreval cortex (it
chell & Heffton, 1.91a). It has been shown that SS. pigs have a higher cortisol metabolic clearance.
rate (5x) and tusa-over rate {3) than SR pigs, and thus  higher level of cortisol tilisation, whetcss.
the ACTH levels in S pigs were approximately twice that of SR pigs (Marple & Cassens, 1973}

The results of Mitchell & Heffron (1981a) indicate a reduced interaction of adrenal v rex celk
seceptars with ACTH, thus explaining the higher ACTH levels in plasmn.of 85 pigs, siid the iwer
cottisol levels, However, the resuits 'of Marple & Cassens (1973) inclicate a higher turs-oves rate,
and thys a igher rate of ‘cortisol production, Halothane bas been shown, to have a stimulatory
effect o the ndrensk corticat funclions. of tman (Oyama, Shibate, Matismoto; Tagiguchi & Kido, "~
1968), -and: could thus possibly promote hnlothaile induced maligasat hypesthermia,

!

As i the caso for. the thyrold hormones, the dati un. the corticosteriods is st nconclisi, but
the hormones may be important, during the. devefopment and sustainment of me synd:uu. Abu: ;
re ot Tkélyjto ba the site of the  piny ko

Tho mtrav:nmls mf\lswnrmf adte-nnhne has been foynd to ahm\ﬂme a 12pid post mortem G drop
e M: longlsinms dors} of Lanchos pigs (Haid, Rogdakis & Febet, 1973), and could terefore *
b importast in the deysloment of PSE amustulature. Adrencrgic stimulatiag is known to function
throigh & and f-adrencrgic rmpxm Thie ‘actioi® stimulated by & and ﬂ-snmlllntuu s “given,
in Toble 14 -, .




; “Adrosbigic s:mxaﬁm can mmme il some.of the symaptoons of salignsct hypmhmm
I pamcuh.v ﬂmmum sibich’ rmum through the activatioa of &-AMP bas been studied in

e B - o

Ao, Tt ot 5 oms oi, (m: ) and §R type pigs (Large, White), f-adronorgic ,\Eup.m
. sekfm, tbe impostant i the mobilisation of fas, from the fat cells (Wood, Gregory, Hall & Liste,
i ive. to theglmge ‘White, which may be

seasitivity fo fradpencrgic action, on body. fat stores (Wood et b, 1977),
Mitller. (1983) who s!wwed a me: fat depusition znle

Cmnpl;w dronerd by bilateral ag nmlbrntyh\nn pregented M}lgqgt‘thcmiu‘ '
reacion in 53 pigs on Hejddane. expvum (me, ooy, Hall, Lovell & Fister, 1

phasising the lmpbrtunce of the adrenals inhe embhshmm oi the xyndmnw. e suagestion.
s st the action of the Safs gt hyper—

. :hma"hasmm embmm (lmcr(.lall & Lutke, 1976); - .

i alignait -
F Ixypeﬂhemm gﬁﬂi, fLucke & LulAr, 1977 ’wauve.r,m teghperature rises dmg balothung . "

.. posure of propraaoiol premedjcated 55 yigs hascbion, fouail (Gmncrt,rl‘hﬂye, ‘Milde & Tinker;, -
o 519781S HHenck; a-sdretergio stiowlas mmqw;wtm in praducmg bpat duting” ‘maligiaal hyper-
thééein, Deéing malignant hygéxﬂ\qmn i 8 pigs the conoenua;mn of noradretiling incréasé.
approsimalgly eight hme§ a mﬁ:\u@ o in SR gis (Dav, ol Willams, Gelrke: &




"The inbibiition of increased heart rate, my(x:pkdul oxygen consumption and decrease in myacardial > e
efficiency-of propranolsl premedicated SS ‘pxg; afier hidothans exposiire indicate the importance g
o ﬁ—adtpnugc mml!hmm during the malignant hypeﬂhermia reaction (Gron.ert h al., 1978) °

i The influence of shan stress on i i hvebemmmmarum 3
i . exteit than the influence ‘of haloifiane exposurn. Thu fadrenergic recepor anfagonists Visken !
i (Haid X ar, 1973; Bngdakls & Haid, 1974) and. Carazolol (using PSE prone Eletrain pigs) are ;
i © efféctiys in the posPmorten reduciioh of lactate concentrations in pigs exposed to normal man-
i ) agefneet stress (Warris &Listor, 1982), prabably in redncing the activation of glycopenolysis, but ; .

‘is inoffective in the proveation .of Halothane induced lactacidaemia (Gregory & Wilkins, 1984).

S

Thux, it seins Emm the results reported on in the literatute that catecholaniines may play in integrat R
\"" int the developmeit of mafignant hyperthermia, especially f-adrencrgic stinilation. B

152, Newslswtem : ¢ ]
v ] e |

It'seems thaf various neuroleptic drugs may mﬂmcu the development of malignant hyporthermia, ‘@
but, €hé variation i affect o tho various triggoling agents and stressors show this the problem J
H .. of maignant hypesthonnia is twultifaceted. Somegdmgs can prévent the.onset of malignant hyper-
“thermia by ons triggering agent, slow done the Tnu by anothes iriggering agont, or have i cffect .

on fhe onset:a a resuft 6f another tnggenng Igent. This muy indicate various d-rlmnx lesions i

5ible l’orv.hcsmglc 7 ia i pigs. o

venting shafignant hypertheimia as & rosult of t,&mm axposure, promedication wih these drigs
hcacmm on alackane exposure by thesk 1o four .
Jighln, 1982). Also, tuboviraring preven the futsl o
& doses 8¢ pancuronitum give some protectipn agmsr b W
al, Licko & Lister, 1376). Theso resfichers sug. ;
hetmin nitight Be influsnced by: thastate ol musdle
acuvn!y at the m’nw the tnggmng agent {5 adniinistered. It has been shown that exercised 8§ pigs
. teact more vmlwé‘y on halothang exposure th weﬂ rcsxed S5, pigs (Van det Hende et b, 1976).
“As o réfilt of. {ubocuyiiine inhibitig suxiroe{fionium induced"alignant hyperthernsia, but not
- slotfiane induced rifighant hypesthecmis, i o& b conghnded mﬂ\heuepoxmuun of the'moter
‘ond ylatw.s niecessary in triggering suxamethonit m induced mu@an&ypmmemm, find that-ha-
+ lotans a0 sk Boond fh eor e an s (@l o g, 1976).

1

{

i M Ln

E Au!mugh drugs siéh as propionylpromazine, pgmnc and aceprok iine are incifective in pm—
{

slow the cnset. of the mafigniant Hyp.mhem

Swéver, somes essnréh hnx o bk, done al‘fu-t of dxﬂerent ncumle}mc divls fu the
ot pmdqamn anchBesths 28 Recsil of PSS, Propinylprcusedin, waperon

ad auetyi prup:lzine seom to-reduee immediaty’ 03t oftem carcise 'cmperat\\m\kpd PSE, as
- weﬂ as duu dii immpvn (88 & result of Pss”‘
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153, Musdle sublractibns

The developnient of PSE musculature hes also besn linked to the activity of the myosin ATPasé,
and calcium sequestration capebility of the sarcoplasmic retientuns, With a drop in pHf value below
59, an ‘appaest damsge of the sarcoplasusic reticuluny takes place, aad ‘oses its abikity to store
calcjum, Calciym accumulates in the sarcoplasi, increases the activity of the myosm ATFase. and

N acoslerates-the fall in pH (Krzywicki, 1571). “
s Although bioth just and scstylcholine act by i ok\he jusétional e
b ‘bratie, jur indiices muscle. ionia $S pigs, but tine: does not. This ~wight

b the yesult of tho slower metabolism 6f swamethouium, resalting in & profonged gotion. Also,

“* “iubocuracine which Is able to block the transmitiér action of acetyl‘choline, 5 not able to block
the conteactjans *estilting from suxamethoniom exposure. The action of summethoifiom miay there-
fore be-via a dépolarisation of the sarcolemma and the Trtubules resulting i the release of &
small amount of ealcium into the sarcoplasm, which subsequently stimulates the release of calcium
from the sarcoplasmic retioulum (Olumuse, Crocker & Denbozough, 1980).

Support for this suggestion is given by Van der Hende, Mujlle, Viaminck & Oyaert (1980) in
that they found no dilfferences in the calcium activated sarcoplasmic raticylumi‘Mg-ATPasc of S8
and SR pigs, nor in the calcim acoumulation capacity of the sarcoplasmiic teticulum, A lower
binding capacity was found at low pH values, probably becanse of membraiie permeability changes,
A changs in permeabitity atiows external calciuar to move into the sarcoplasn aftes depolarisation
of the membrane (Van der Hende ¢t ‘ak, 1980), However, lower myoplastiic concenteations of
calchum and magnesium were found to exist in muscle of S8 pigs relative to SR pigs (Nelson &
Chensmer, 1981). These observations do hot prectude. the trizgéring of maligiant hypesthermia
in §S pigs as a result of the Mfux of small amounts of celcium into the sarcoplesm (Nelson &
Chausmer, 1981). Cheah’d, Cheah (19815) found a pliesjhatipase Az jn pig muscle mitochondria,
with siinilnr concentrations in the mitochondsia of $§ snd SR pigs. Howsver, the phospholipase
* of 85 plgs-is twice &S active es that from SR pigs. The initoghondria membrane: calcium activated
phosplialipass Ag, when stimulated by vafcium, stimulate the hydralysis of phospholipids azd tho
iiberation of unsatiated fatty acids, with.a net incresse in the conlént of sityrated fatty acids
in the mewmbrons (Cheab. & Choah, 1981h), The release of the unsaturatdd fatty acids uncoupes
the mitochondria, and, destabilises the mitochvisdriat membrane (Ceah-& Cheah, "1981h), thus
‘@stapting siormal fanction of the drganslis; The release’ of fong chein finsaturatelt fatty acids by
phospholipase Az o aitodiiria membranes of 55 pig suscle, inhibits fhe uptake of calcli.
by saccoplpsmic retiibuin and induees the teletse of 'chlcium Trom the sarcoplaswic retioulum
“{Gheah & Chesh, 1981). In addition, dantraleas Yas:boets shown-to slow the, onset of malignant
", hypecthermia i §§ pids, but dnunot f\lm:hon !hmugh ‘an'influer 4p on the cross membrane move-
ment ofcdu«m aoross the's ic sngmbrabe (White, Coltins & 1983) .
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SScind SR pigs have dhe sume aumber of mitochoudria in M. fangistimus dors, have. similas to-
spinses during fhe agaproblc oxidation of sucsiaato aad have silar tetes of calchum uptake (Choah
& Chosks, 1976}, Under auserobiosls, howeser, the effl of calcium from mitochondda from 8§
igs was twics a3 bigh as that'of SR pigs (Cheah et al, 1984). This tesuited because halothane
Exposure sh:ul.lzxe the efflux of calcium from SS mitachordria only, as sffect fiat cot 4 be counter-
acted by the addition of Eagnesium, (Cheah & Chesh, 1970).

P
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The. ealllm bmcbenm:ai iuscle variable to be detscted in S8 pigs with the onset of malignant
o ypesthetoria oushalothane exposure Is e Toss of pbnsphocrcuhne, which rerains quite coustant
m..,P thesia, This foss in phy ied by § . molation
i glycolysis,the accuniulation of lactate, snd a rise in glucose 6>plmsphaxe (Abern, Somicrs, {i¥ilson

o - &sMoLoughlin, 1980)c-ATF concintration remains steady during pertubartitoce antosthesia, but
..+ decrdbies o exposixs o halohans. (Akerm ef ol 1980; Hall & Lucke, 198).

’l‘lw lxm prodiced by S pigs during mulignant hyperthermia triggored by hafothane has been
“)indicated to result from afitgrobic metabolism, and a decreased ability to transfer heat (Nijfand,

Mitchell & Mitchell, "1986). The rise in body témperatare wsually starts late in the malignant hyper-
* digrmia renction, and although wuscle from SS and SR pigs have the same concentrations of gycer-
aldehyds and aldolase, & of malignant ia s the reduction of
glyemmu(-.”yde 3:phosphatase and aldolaso actiity (Lotkin & Lahman, 1983). This might exploin
the tcmpcumre rise-as wresult of the susceptibility to halothane exposure, This entails the pro»
duction of fructose 1,6-diphosphate by glycalysis which is Eydrolysed by fructoss 1,6- dxph«lsphmm
With tlu: Toss of aldqlass and glyceraldehyde-3-phosphatasc on exposing the SS pig:to, hal\gt!:m.
Jpuctoss gl dhtd 10 h e e, genrin b (o & Lehumans, 1963).

A lizk beten MEZ_ 36 PSES has {hcrofore beon estblished, Nelson & oo (1979 sso indcated
thit abnm-ﬂ. halothane induced muscle contraciion-ocours in MHS pigs at 31°C, becoming more
.«’ u with al incrsase n mnipemnm. They suggested that this might be the result of confor-
nmﬂnunl chnnges in the s wcop ic reticulin ‘memtang stracture/function relationships, (Nelson
& Bea, 197). '&se resulty aré’Inferesting in that It is the high post morsm tomperature of the
_ carcass with thé)\concurcent rapld tate of giycolysis whish result in the formation of PSE mus-
cutaflie, The el ¥eloasd of calclam from the saicoplasmmic seticulum of 88 pige indhced, it

% vifo. by alothane\yas at lesst 70% bighet hua that of SR. pigs,,and tho calciom rolease from

snmoﬁlmpm réticul) A\ of 5§ ptg& wis higher affer induced membrang. uepalansamn (Kim, Sreter,
< Ohnishi, Ryag, Ribolts, Allen, ‘Meseards, Antosin & Ikemots, 1984). A' good correlation thereforé

= ts bejween tho csﬁhhskmm of malignant Sogyathermiy sad mpsele rigidiy, The.Sarcplasaic.

calclum neemruhon
5 pigs. than in, SR

the M iony::iunur dom post mortem b Geon found 1o be Kigher in
tioen wmhted with & faster rate’ of glycolysis i ¢he $S pigs

a5 measpred by, the, ;ﬁ:&d PH at 45 iinutes post morei (Cheah ¢ ol 1984). Fucthermore, ~

the Mg(:a-ATFuc uuvny(\in akclml nmscls of 88 pags is higher than that of SR Plgs, althnngh

; 3\\® .




i e Mg ATPaso, activites of skcltal-muscl of 55 and SR plgs are similar (Cpmpion, Topl &

Christias, 1976). With thié clevated calcium stcoplasm, is is stimu-
: Jalod (Hoilmeger, Meyer, Haschke & Fisber, 1970), The hu;hu- calcium concentrations in the sar-
. coplasm iy explain, the ch idosis and muscle sigidity of malignant E

hyporthermi, (Hall, Lucke, Lovell & Listez, 1980), - L -

Pietcath pigs with post mortem lower meat quality characteristics, had lower rospiratory control ]
rates, than-Dintch Landrace pigs diie 1o lower Stato 3 respiratory ratos, and not a5 a result of
I Snconpling of oxilative phosptiorylation (Eikelénboom & Var des Dorgh, 1973). As the respiration
tl’ rate“increased jn the Pietrains as a result of vncoupling oxidatze’ pltosphorylation, although it
was, waffected in the Landrace:pigs, it would seem that the rate of oxidation in the Pistraiss i ]
! swas limited by the capacity of the phosphorylating syster (Eikelenboor & Van den Bergh, 1973). .
B Thus, if this indicated a decreased Tato of ATP synthesis through oxidative phosphorylation it bl
I
!
i

i with a ition for PSE mustutature, these pigs would have to rely on p
adlitional ATP producing systems during perieds of stress, such as phosphocreatine and through § i
g giyeolysis and glscogenclysis A consequence of this feature s that the acrobic pathway would be = i
o unable to xidise the excess NADPH. formed theough giycolysis, thus forcing ATP production to-
i
i

wards' anacrobic glycolysis with the resultant accumulation of lactate (Eikelenboom & 'Van den
‘Bexgh, 1973). This could explain the lower phosphocreating and higher lactate concentrations of ;
PSE prone pigs, even immediately bofore slaughtor (Sair, Lister, Moody, Cassens, Hoekstra & 3
> Briskey, 1970). . . b

kY Chesh (1973), howoves, was, unatlo to show the same difference, with (e Stato 3 rafes of fresh
3 ‘mitochondia from Pietrains and Largs White pigs being similar, He ascribed tho differences found
e by Eikelentioom & Van den Bergh (1973) to pH differen.e in the. post montent muscle from which g
* the mitochondtia, has been solated. A low pH value results in the Toss of citochsome ¢, Siusilar i ]
@ J in vitro mitochopdeial respiratory traits (State.3, State 4, respiratory control index.and ratio of :
v s ,{ adeposing dlphvsplﬂm to axygen) was-found.in 8S and SR pigs (Camplon ef al, 1976). Therofore

the miitochondriat tespiration rateas meastred wers not involved in the eticlogy-of stress suscep-
. ibitity, Tho setivity of mitochondrial ATPase tetwenn SS and SR pigs was also fauad to be similer
’) (Campion et ok, 1976) Therefore mitoghondrial malfunction scems not to be an important cause W
of PSE mbsculature (Cheah, 1973). B

With the exposire of S pigs to halothane, the sircady problematic situstion in which the S pigs
find lhcmwlv:s, is aggravated. Halothane activates'talcium rolcase from S sarcoplasmic retioutym
which also, shows.a caictom nduced salcium relgags, This phenomenon s ot found i SR sar-
copfismic refionlum, Halothans. iso diordsts th Jpid bilayer of 5 saxcoplaspip Teticulum fo
a, mner -mn than @hat of SR :ueophsnuc reticulum, and the release of the calcium through
opeyo caliiti releaso, chaiimels'coiid resslt i, the aivation. of-calcium. induced calcium-rel
the $irooplasyni reticiltm, and caush maliguant hypbxtbﬂrmlu (Ohnmbi‘ Warlng, Fang; wmm
Emk(Sndanugu & Obuisti, 9088)s | P .




Halothane inkibits NADH dehydrogenase (Nahrholds, Leckj & Coben, 1974), aud thig increase
mNADHmtkemmchonguemmmrm e(pymmemdmonmcof(s«)hna.wﬂms
Kitinecke & Gehlboff, 1970), dnd the- mrgypmdnmnn in tem of AP modummwllld there~

i forébe shifted to-a more anacsdbic glycolysis and is, “Thus, although no mi ial v 6
mﬁnnmmhubemhunﬁmbumpnﬂmdmthnpmamofﬁﬂmaﬂaﬂnwduwmﬂ
condifions (Cheah. 1973), it may still be xmpmﬁnl daring the expoa\lle of S pigs 19 cortain drugs p
(M.lh:h:!l & l-lnffmu, msab) o
Thus, the halothane exposare.of 58 Tigs have been (marchwd t0°a high deg;reo with the gem:nl
copelusion that halothane expasuré of 3§ pigs results ia mejor ifforences in muscle variables.
Hmver, thie exporery of S$ pigs to physical exercise and its rehﬁun to inugcle varmbles has
received veiy, Alnlc‘atunfhn. " .
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158 ‘, Mn“gmmt ﬁyp' 1hﬂ'mll and bloog variables - . 7

With the deve.lopmm of walignant hypr.nmma in 5 pigs’ e w&m.m to halothane, haemo- .

atibn develdps (Froystein, Gronseth, Nostvold & Standal, 19&4) and a risc in the lagtatc )
and giubose concontrations in the bicod aro measured (Abérn e xssd) Alrsady in 1970 Rerman, i
Harrisoa, Bull & Kencki reported on the hi ‘uring malignant ! i They
soggestedphat the water shifts out of the blood into the inter of intra cellutad spacos: The haemo-
mncent:nh is Awnmpamed by the reduction in muscle density a5 measured-hy oomgntenscd
tomography and = consequont sweling of musclo cells (Froystein ¢ af; 1984), The Increase of
emvmnm luid. volusté ackelerats the post morte rato otgzm‘m zmmk &\g{mehng o86)
wiith & fm.mm S8 pigt post mortem. ~° -

88 p:g\pempam\\ 10 SR pigs (§chm|dt & Kammt
of Sacmconicoatiation, it is evident that the fadiill Sz 5

1680) :
levels betwéen S5 ancl SR pigé as a tesult of bxbecise dry mm{m (scwat, 1980, xﬁ{kpugh
gpuefal physicat atxns in pigs do, dccmsb marbonate “toveli in Bigs, nd Innd 0 an increasisin |

ittt
29&). The reswch on, pmunn\meswmdmmes(n\hyv therefureabe yumcdwﬁr u‘xy; syﬂrlmlﬁa iu

hmnn;n(mtduﬂ&ﬁeiﬁvn, 1982) tr il m 115@ ‘been ideatifiot i, other sgecics;
‘s cv" PR p ’




such a8 th Horse afey haltbase exposize (WaldrourMease & Rmberg 1979; Waldron-Mease,
Kiein, Rodenyérg & Leitch, 1981; Manley, Kelly & Hodgson, 1963, Althiovgh i;mhm expogiice
. nlmwdid it fesult.in malighant ;mmbm,me' ion of caf-

dogs (Mc(inﬂ:, Crimi & mf, 1982 O'Brian, Chlb, White, Olfert & Steim, 1583), whereas-suc-
.- to, tsed with balothene also yesulted jn malignaat hyper-
> thermia sympturm in punﬁa '\ﬂﬂdx; and & ‘Howitt, 1933)

Tl zhe samo myopnthy (Harrisor, 1972; Nelson ef al,, 1074). Wobb (1980s) argued thereforc that
4 R " with"balothans exposure PSS pigs conld be identified. Acogrding to Lucks (1981%; PSS pigs may
o produce Psk musculatire, and. may develop malignant hyperthenia as & rosuil of exposurs ¢
W B cortajn, mmthmﬂ\. However, Mitchell & Heffron (19802) argted ihat the threo, stress syndromes.
Vot Bes, MHS md PSES s not aoessatily. fdumical, - g

¥ g

. Neverdistass, the mechanism by whu:h Hitlothasie precipitates maligtant hypcrthmm i sull v
. A *kngem (Katlweit et a., 1980) and the existence of possible different stress mechanisms opérating,
1 "7 ono assackated with exemse, ‘aid e related to e stebss of Saughter T begm ‘méhtioned befors
9 L (l{nl.lwelt. 1981},

Enlly assuried that PSS andMlis aff
15 o sadumed fiak the Fesponse of S pigs o ovbrelss atreiéror hilgthbeg Sepbsurd would be
sung]u alihough it has nover goceived iy atfpatiotr, © \y ol

‘thy
dregsed: i this mdy
P

sy PR
oty »"gromh. carcase ghy.
e pigs. I N




*1The possible dxﬁmnces in muscle fibre types id
- bresd 3 Lo e B
'Tc establish: whetber the halothane induced syndmme is the same” lhe exéreise

odnced syiidrome fu th South African Landrace. breed.

L

RESTY




Methodology: materials and methods

21, Amm:.ls

For the purpose of this experinent South African Landrace pigs-were chosen as a result of the
... higher incidence of S pigs found in the breed relativy to the South African Large White (Rossouw,
1982), as well s the general higher ocourrence of §S pigt within the Landrace type of broods
* (McGloughlin & McLaughlin, 1975), Also, only gilts wer  cted 50 as to provent any influenices
of pender, Although it was blatned (0 buy gilis only . s, preducer, namely producet X,
o changed his breeding practicos to such an extend that gu.. Jisc Yiad to be bought from producer
Y. Tho gilts were sclccted on th basis of a halotharie screcning test carried cut between the
‘ages of 7 and 1. weeks fo easite adeduate mumbers of SS'and SR pigs. Animals from producer
X were wsed for Phase 1, and anioals from producer Y for Phasy 2. All animals wers housed
in sepatate pens ot the Animal and Dairy Scienc. Reseatch Tnstitute dt Trene, Republic of Soum
Africa, Foed was available ad Ubitim, dod water was availnble at all-times,

ZlL, Halothane mmimr test

ey
“The strndard Bolothans, fest used by personnel of the Pig Performunce Tisting Sations n the
chubhe of South Africa was used, This standard test was p&fomaa Tsing & somi-closed Fl‘mfek
MK 12 Yaporiser ;ys&m with & dlosefitng facc mask. After’ the. pig vas redisaiiod on it mk,

cgilcentafion: of 495 balothine (Flaothane, YCI) in oxyge at d flow-rie:
i the’ i shioed signs of the malignant Bypertherniia redtion,
iy withia, the ‘thn:a ‘mifnutes, the halothane exposyre Wes jmmedistely ter-

D
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2.2, " The experiragnt

The expetiwnt tras conducted in two phases, Phasc 1 ducing which the pigs'were exposed fo
baldthane at Ih} age of 21 weeks, aiid Phase 2 in which animals were subjected to treadmsill exerciss
instead ‘6f balothane éxposusc.

224, th 1,

Fiityseven Sooth Affcai Landsace gilts were Uséd dusitg this phasc.

2281, -Blood varlables at.the age of 11 weeks

At the age of 11 weeks blood was obtained by jugalar venepuncture from the animals during
manual restrafnt, The following variables wero determined:

a) blood lactate (Gutmann & Wablefeld 1974). 500 4! of blood was deproteinated in imb G,6M
perchloric acid, and contrifuged, and tho supernatant wsod.

b) ‘blood gucose (Glucostrate, General Diagaostics). Four mt of blood was collected in a tobe
containing sodinm fluoride and oxatate.

> &) enzymi activities (CK, LDH, aldolase, ALT, AST). Tea ml of blood was left at zoom tem-
"+ peratire for threo hows fo clot, after which it was centrifuged, and the scram used. The
" activities of the enzymes were determined at 37°C using commerciol Boshringer Mancheini
kits; CK. (CK NAC-activated), LDH (LDH optimized), AST (GOT optimized), ALT (GPT
optimized), and aldolase (aldolass test combinatio).

) ghectrolytes, ure, total protein, albumin, megnesiun, caloium, inorganic phosphate, and b
carbonate in the serum collected for (). The concentrations of albumin, ures, sodium, po-
tassiuni, chloride, maghesiv, calcium, creatintne and inorganic phosphate wete determined
o 2 Teghnicon SMA 1T according to the methods déscribed in the Tochnicon SMA 1T manual
as75. M g son was d ined. i (Lancer Magae-
.- sium Raplﬂ Stat Diagnostic kit), aod total protein by the Biuret meﬂv.,od

) knrmum:s Six ml blogd was cellected fn & heparinised mhs, and the plasma collected after
cchtrifugation and frozen for the deferoination of cortisok and ACTH concontratiots, Tha
,cortisol mid ACTH concsntrations were. detecfiined using CIS commircially available RIA
its (SB-Cart, Sorin Biomedics, Italy, and ACTH-PR, Compagri Gris Indiusirie SA, France).
globuliz. concentrativn was calculated as tho differsice betwoen the total protein cons
tration and the alburin concentration, Osmolality was estifisted using the aquation:
oh.% (2afsodivea]) + [urea] + [glscose], and l.he Annm gap by the equation; -
m ide]
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2242, Mosdle ractabiolites ot the age of 13 weeks R
Tl pigs swere manually restrained; whereafter thoy were anaeélhetised fishug intravetious barbiturate
(fntraval - Magbaker) at a rate of 1490 & 3,57 mg/kg live mass. A3 ¢ muscle biopsy was tikea
from i M-semitendinyis. of the left side, and frazen in-liguid fitrogen watil analjsis. The prep<
ubifion: of the' atuscie’ biopsy for the détermination of the muscle metabolites' tock place on the
sitne day tho biopsy was takeii, The miiscle sample.wis wsed to; deformine. the

of ATE, glucose §-phosphate; Hctate, phiosphocréatine, glyeogen and'glucase. The exteaction fiom
the fozen sample was doné: accofdling to Delrymple & Hamz (1973). The. glycogen concentration
was. detordsisied 45. glycoss) units affer hydrolysis with «-emyloglyoosidase according to Keppler
& Degker (1974), Tt ghucose in the perchloric acid extract filtrate was als detérmined (Keppler
& Dickor, 1974), and the glycogen concentration corzected. ATE glicosé 6-phosphate snd phos-
‘phocreatine weré détermined in the perchloric ac extract aceordir to the method of Lumprecht,
St Hleinz & Welsser (1974), and the Tactate concentration acpording to the method of Gutmann
& Wehleteid (1914) .

2213, Determizations carried vnt at the age of 21 weeks,

At the age of 21 weeks, the pigs were manually restrsined, aftor which they were exposed to
ralothane ‘using a close fitting mask and Fluotek Mk 11 vaporisor, The initial halothane concen-
tration was 8% i axygen af u flow-rate of 2,5 Jmin for 30 seconds, afier which the concentration
was rogulatéd &t 5% (37%). Thé pigs were oxposed to the halothane for ton mintes.

adter § iltiotes of halothane wxposure, blood Was cbtained as described in section 2241 The
blood variables determined s, the ‘tethods vsed ave Jescribed in sestion 2211,

Aitet the Tlood was gbtained, a muscle biopsy was taken from the-M. semitendinosus of the right
xlefor lhesamﬂe(mnabmmmman2211'ﬂmmmh({ds aredmnhadmmmn 2212

Pigs that ied 'as 4 consequence. of | hs\odmnc expostes, wi& ‘laissified a§ 88, The cafcasgs of

. thigde ‘animals wite imniedistely fakon <o o abattol where Dicy were e:snng\numd, nr.aldud, He-

heiréd gud evissefared, Cértain Caredse fod eat 'chiracteristics were detgnnined, s is described
mmanumSnmofswm-mﬁcdusk.”wmwm dlwoweekstotecnpenm,
i Whidh ey Vioro ranspated to the'sbatioi” (distance of % ) ang slaghtersd. Th¥ipigs
wert electrically stonned’ ', e:nngummad. scalded, dehatied nd mmum Catdide: ‘und
hgat 'r.hmmensuu “wexs delmumed a dw:r-lwd in‘sestion 2216,




2244, Muscle histocheinistry
N

A pencil shaped biopsy from the M. seiilendinosus Srom the right side was also taked at the
ag6 of 21 weeks for theshistological determiination of the percentage red, intermediate and wkite
‘mucle-fibfes, ‘The ‘Gamples. +"sre sottioned on g ceyostat (-2°C) to a thickness of 12 pm. The
sections were stained decsi 16 e succlnic dehydrogenase method of Barka & Anderson (1963).
A projection micréscops (140x) was Used, and the sample slides subjectively scored for fibre type
by technicians not famibar With the classification of the’ pigy; i6. whether they were classified as
being S8 or SR. The number of red, intermediate and white muscle fibres were counted af 4
randomly: giiected arcas, and the values expressed as a percentage of the total fibres counted.

2215, - Growth studies

‘From the age of 12 weeks until the end of the trial at the ape of 21 weeks the pigs were welghed
weekly. The amount of feed chnsumed wis recorded. This facifitated the calculation of tho average
daily gain (ADG) and feed. conversion ratio (FCR).

2216, Carcase and meat characteristics

In both the SR and §S grotips of animals & muscle sample was taken from the M. longissimis
Iumborum jmmediately after deatht-or slaughter for determination of pH, Muscle samples wate
incubated in 2 moist nitrogen atmosphere at 37°C and pH determined at 15, 30, 45 snd 60 minutes,
and:24 hours post mortem.At éach of these times 2 g of muscle was komogenised in 10mt of
SmM fodoncetate (pH 7,0} (McLoughlin & Tarrant, 1958) and the pH measured using a Labion
17 pH meter (Labotes).

The Garcases Wefe weighed after slaughter asid chfled’overuight in a chiller at 0°C after which
they were agaif} weighed. Twenty-four hours after death o slaughter the carcases were spht\c\ucam
fougth was melisured (longth 1: between first celvical vertebrae and the syinphysls pubw\@gb
% between first thoracic vertehrae and the symphysis pubis), and backlat thickness was measubed
60 mm from thebmidling between U6b tonth and eloventh thoracic vertebrae, The outline of the:
M, Jonglasirinis thépacts eas traced: on’ graph papes, and the arcd determined. The M, fongissimus
thoracis of the right, side was disseotod botween the tenth and the last thoracic vertebrae and
Yacuiim packaged ‘aft ;ine tnass was retorded. The vacuum packoged sample was stored at 0°C
Jor thres days affer which it as “opened aind Weighed to dotermine the waount of Buid lost during
vxmmm‘packagoﬂ storage. The cut was then used for the determiriation of mokmg loss at 60,

0 i 275C sespectively, Sin picoss (each aboit 25 mm thick): from each muscle sample were
put into, spmfc plastic bags,-cooked for 60 miriltes &t the respedtive temperatures (two sample.
piéoes pét temparature) without the addition. of any fluid, and. fhuid foss as a rosult of Sooking
eteemmiied by mass: ke wntorior samplés wore stbjected 'fo 60°C, the postorior samples t0'S0°C
andtbcmddloto’)o“(‘,Mwazaholdmgupamywasdummedlrmmﬂmdmﬁoma
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siiall satuple of cooked miscle Pliesizheticen flter papers, end subjected to a pressure 0.1
metric (o n a Catver Press for one minute, Tho differeace between therorigina! and subtoquest
ml&uwualuﬂawdmdupmmasamdminitinlmm’l‘h:wuwhcldmgupamy
was deteriined in-quadriplicate for cach semple, The “shieac” charactefistic of’)mp!eu wose detars
mined on cooked samples. Cooked samplos were allowed to cdol to Foont temperitufé, aﬁer wlnch
sampls were taken parallel to the, fibro direction with a cork barer (12,5 mm: dismicier). The
fores necessry to shear the méat, erpenidicular to the fibre d.rm-, was dmmmwd using an
Tastron Materials Testing Mndum, fitted with a Warnet-Bratzler nitasuring device! -

222 Phnse 2 Lyt B

T

Nineteen pigs were sed in this phum. The pigs were kept under ﬁ'u: same husbandty conditions
as pigs in the first phase.

]

#
2221 Blood vacatics st the age of 11 weeks

The ¢ollection of the blood and the determination of the hlood variables were &med out as

set out in section 2211, N

%222, Muscle metabolites st the nge of 13 weeks -
A muscle biopsy of the M. semitendinosus was faken at th age,of 13 woeks ffom the loft sids

as described in section 22,12, The m\lads mblﬂhb"lﬁ dmenmnzd and the methodology uséd is
also described fn section'221.2. N

¢
2223, bdmnlnnﬂohz cartied out ut the ige of L]
At 2t vmekx of age the ntrained pigs wc('» iibjected to exercise stress*at room; stemiperatare
{16-18°C). om <. troadmill (Whispermill, Squibb} st 0,19 m per sccond for about 16 minutes, or
until & rectal fompesature of 40°C wis recorded, Beiperature, was recorded with a Rustrak Ranger
with-stoel. shaft thermo-resi, (gr (Gulton Industrits), ‘On averago exeriso-lasted 1034 3 3,36
minutes. On reaching either citd-point, the pigs were anaesthetized using mtrlveno\!s L\\mpcntoun
[ wdmm, Mnybnkur. 1086 = 248ike). - - “ N

S0y, oo o
A blood umph wus taken dccording to tho nmhed vsed T gection 22.0.1, The blmd was nnﬁ]y.wd

usw; the same m\uszuwmm 22.14. ve o

Musglé samples wero opteined from the M mnio:nd:m;s of the right side ‘for dotermination
)?@\mhuhlcs‘(wn seetitn’ nm i musck(ﬁl;i‘e assification as set out in section.
\ B

i
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 The results of thic halothaié mg/m musé

Foix pigs died 45 o'reult of e exopeise. anv\r'.num cxfrcistress, all sutvivors wers
subjected 2o alothane exposurs 0 t».»(ms mdmd ‘taltowed in Phase 1, section 2213,
Onﬂﬂpﬁsllrelohaluhmcmmplg' d m‘@mmmwdmgmcmmmrm
or during the halothan exposutc wore 88 55, and the sursivors of thy treadmil exercise
and hiothane fest s sn7 The-agimsls were slaughtered andjor dressed a8 scf out in section'22.03.

PRy
2224.: Growth h«ndlzl\v » °

i

Growth M\u‘l.u:s were m!nr,d out as g}..smbud in section 22.1.5.

2225 Carcase cb!!'lﬂ:dsﬂu

s
* Miner elmracie ‘stk'-'s

2228,

os. thabdeterltod s e v e o ,wtm 2160 n;dmnn fi pm of e
.smdy the mccs'\m{aenl W - muscte rellectance values, \w the Bk 11 E/ibm Optic Brohe: (FOP)
S 1 o AE Stoke it wmmzmef (Ditfusios Systems Lid)

u. waany o rin fust al;u thl vacsum gheotigs period: The reflectance
vl S wbite light }Qn»m Vo surface: of the tauscle,

ty nhej anjols! o dénaturation.’ “thé FOP ro-
dheieis bosyoen e 10 and 11th um)é.c

|h= ent susface of m.u\I. lou;:
: ;mlmamh“.xlm Pfdw'mu o

{ dornat”
cutting !hwu@‘ A.r, \Qﬁe.‘gﬁs a
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Lnrma\x and 2 atgi -
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& rosuit of‘the halothans,didior ety s posue) jofho Rattea, anal \m it wab regirsed

25 being more acciate than the mﬁ@m test v g gt equute wumbest. . *

of pigs in ithor categoty\\D o J-sﬂd,nsing Ima!yus of vananw ind le\v;,t; m differéhods, -
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3.2, Results

The predictive value of the halothane test, blood
e variables and muscle metabolites

3 , lnirc.d‘ucﬂolflb

As a result of the negative influence S8 pigs have on meat quality (Eikelenboom & Minkema,
1974) and therefore the sovere coonomic disadvantages for the pig industry (Hall, 1972; Webb
& Jordan, 1978; Carden ef al,, 1985), it is important to rdentify SS pigs at an carly age.. Several
possible tests have been suggested andfor have been intsoduced, These are, for example, the ba-
fothane test (Ejkelerboom & Minkema, 1974), use of serum CX, LDH and aldolase activities (Ber-
man ef k., 1972 Eikelenboom & Minkema, 1974) as well a8 muscle contractures (Schmitten ef
al,, 1981¢). This exporiment was conducted to evaluate some of these suggested tests a5 identibars
of 89 pigs amongst the.South African, Landrace bretch a5 well as the poseible wse of musche
metabplites (Olumara et al, 1979). Differcaces in various ntuscle metabolites have been found
between 8S and SR pigs (Harrison ¢f al,, 1969, Nelson & al., 1974 Mitchell ef al., 19802)., In
this duptu theé results of the. experiment evalupfing the predictive value of the ‘halothane test,
blood vasiables and ‘muscle mietabolites aro given.

324, " The halothane fest o Gredictive dest for SS plss

azdt. wnmu teat and the plgs in Phase 1

Usmg the wwme test (395 halottise Tn oxygen for 3 miautes) aa"descrbed to:selct pigs for
my study, 30 pigs from erd X vere mitialy clasiifiod us SR, and 17 plgs a5 §S. because they
displaod mticl wiiity. At the age of 21 weeksthe pigs wecs agsin eposed to hlothe, aitboogh

atahlywrmma!mcemrauonmdfullun@erhmgpmodnlmmtnms,Apﬂn!Optgswm




clasified a5 being SR on thie abserce of any muscle rigidity diing the 10 minutes of halofhans

., exfoiire. Also, 17 pigs were classificd §S as a result of muscle rigidity and subsequent death.

Howeyer, although the mumber of pigs classified as SR and $$ remaied the same. g8 a result
of the two balotbane exposures, thice of the pigs initially classified as SR died as a result of
the halothane exposure, showing +* ' of rmuscle rigidity, and three pigs initially classifies as S§
were reclassificd SR as a reswlt  urviving, the sccond balothans exposure, and akso showing
20 signs of mialignant hyporthers.c. and muscle rigidity. These pigs were subsequently reclassified
according to-the results obtained duricg the halothane exposure at 21 weeks of age. Therefore,
the two halothans tests resulted in an iniecaraty of 10% for the SR- pigs, and 18% for the-SS
pigs.

3242, The hatothane test snd the pigs in Phase 2

Ten pigs were classificd SR a5 a rosult of the initial halothane test (4% halothane i oxygen for
3 minutes), and 9 were classified SS. As a result of the treadmill exercise, four pigs initially clacsified
S died, and ¥ was thesofors-assumed that thesd four pigs would have-died on exposure to the
highet concentratiot: of halothane and extended exposure period as was coplied during the ha-
lothane exposure at the aje of 21 weeks, During this Jattor halothane exposure, the 10 initially
SR classified pigs survived the halothane exposurb, whereas the five remaining initially 5§ classified
plgs all sucoumbed to the halothane Grposure, showing signs of niuscle rigidity. In this herd the
‘accutacy of the kalothans test was therefore 100%.

3213, The hatothane test and the sotal number of pigs

\(;‘ymbiningk these fesults of the two halathap~ ‘eaposures and treadmill exercise, 60 pigs out of

6 wore Sassified the same dusing, the two cipdsures, thus a repeatability of 91% on two tests
and a"dissgreement of 9%. §

322." Blood varizbh 1t weeks of ‘age -

‘The malysis of Blood variables at the age of 11 weeks were, used to detertuine whether auy dif-
forontes exif betwoen the SR and §§ pigs'w der the samo conditiis 6f blood taking, namely
‘manal xestraint, and whether |twmddb=pmﬂcmpmdlct S8/ SR plgs from these differences.

AThe results wose analysed accofding to:

*h inffuonce of shreé§ sensitvity dodherd on tho blood variables of ali the pigs
*tho-itflucacs of stress sty o : the bloid vlriibles o plgs from herd X

S

S —
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Variable fitross sensitivity (A) Hevd (B) B
Fyatie  Significance leve] | F value  Significance evel [ Fvaloe Significance level

x s 0P NS 03 o9 NS 146 023 NS
LoH e gem v ofs 0% NS 3 am NS
| Aldoiase N 12601 008 v 45853 <00001 ** 3808 00193 -
AST 3 06290 NS 0,235 06343 NS 578 00197 .
ALT ’ 25 o1 NS 5947 o002 e L9 o2 NS
Laclate 13717 045 NS 0300 0544 NS 1,’?7‘ 0243 NS
Total peatela, A oMm e WM 03B NS 6L 02w NS
Aburnin 250 o1 NS 3N 0PI NS 1607 0286 NS
Gtobula 20 o159 NS 149 ozm Ns 1 os N

0860 03671 NS 36985 <0001 U5 oo ¢
Sogium. 3B omH NS 038 oSS NS 367 B8 NS
Potsssiur 04 OGNS 3613 o Ns. 68 asml Ns
Caloride B8 oIS NE 1513 023 N§ 264 o1 NS

0063 081 NS 37568 oo 4 66~ ogmm NS
Calelsm. 101 07547 ,Ns\%' 4% g2 ¢ 0,454 8494 NS
Creatlaing 058 039S | NS U0 Go0M . s4s e
Glucose. 8167 s 18756 00001 . =t 15%  g201
fnorgaié phos- | | 11,649 ~ 0247 - 0623 NS BT <0001
phate R .
Bicarboals, 2580 NS 8855 ootns |t AL 020 NS,
Cocisst . s oW - e Wne, g 48 oms NS
AcTH N 0847 “03W7 NS 2157 Ns 000 - 0sEs NS
Urea/ércatioine ratio] | 04D © oMRS. N§ A% <apoe  + o oges Ns
- | Aangtosite N ] 0% oper Ns
atio .
‘Osmolailty NS 259 - . 610 NS
| Anton pop 042 o3 NS

* tho-influence of herd on’the blood variables of the 5§ pigs.

These analyses were repeated using . initial halothane test to classify S5 and SR pigs as a result
of ihie differencés found between the initial and fisal classification. of the South Alrican Landrace
‘Ppigs. The tables containing the information of those analysés arc given in Appendix A, Tebles
Alto A5,

3221, “The Influence of stress sensitivity wnd herd on blood variables of 11 week old pigs

The results of this analysis are illustrated in Table 3.1, with the mean values given in Table 32,
Significant differences a5 a result of stress sensiivity (SR vs SS) were only recorded for the enzyme
activities of LDH and aldolass, and for the concentrations of total protetn, inorganic phosphate
and cortisol (Cotuma A, ‘Table 3.1). The SS pigs had the higher LDH and aldolase activides,
higher inorganic phosphate concentration, and the lower total protein and cortisol concentrations

Tuble 3.1: The results of 2:way analyses of variance on the blood variables of pigs as influenced
by stress sensitivity (Az SR vs S5} and herd (B: herd X vs herd Y}




(Tible 32); Classifying the-pigs accoiding to 1o nital halothene test, the 59 pigs also had a

lower ALT activiy, albumin and urea concentrations (Thbles Al and A.2).

Tabie 32: Mean values and standand deviations (sd). of blood v{
sensiyity and hord

inflienced by struss

Variablo SR pies 53 pigg Herd X g and ¥
Mean  sd nl Mean 88 n i

x wn [ ww  wlus w2

Jron WA |ms w3 swlum w3

Alasisse A | 4 97 3| w1 31

ast L S A I T )

ALT W | 2 o1 4| 7 u o

Lactte  mmoll| 78S 326 B 1 2D B

Toti! pro- 6t 6 M) 5T 5 %

toln mumolt

Abuda  mmolt] ¥ . 3 40| B 6 2

Giobuls  mmol[ 27 6 4] B, 4 2%

Urea mmoll] 34 12 40| 34 0T 2%

Sodum  mmoti| M9 b6 4] B2 4 2

Powssium  mmolfi| 72 13- 0] v o9

Chioride  mmolt] 01 5 @l 2 2

Mugoesiom  mmolf | 107 007 40| 18 0 B

Catcum  mmolt 281 917 0| 280 016 26

Citatinioe  pmolf| % 1B B W B>

s mech] 61 o8 @) s 05 2%

Inofgenlc  mmotd[ 318 02 | 34 033 26

pholphate.
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able 3.1). The pigs ffom herd ¥ had the higher urea, magnesiuth, ealium, glucose and cortisol
concentrations, as well as a highet uirea-to-creatinine Tatio and asicp gpp value thm the pnss from

g X. Hlowerer, he igsfrom brd Yl $ad th Iower aldolso and ALT ties, mdlm.«

cechtisls aid bleafoomste consentraons (Tnble 32),
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3222, The inflierice of stress sensitivity on the blood vartables of pigs fom hérd X ‘E
B
The résults of this malysié are given 4n Table 33, The results- kidicate that the aldolase activity /
d ceeafininé conceatsation of the SS pigs of herd X are higher than thos of the SR pigs: How- |
evets, the toral protein, albuwinin 4od cortisol concentrations of the SS- pigs were ‘lower that-those
of the K pigs No ‘other significant differences were fovnd between the blood vakiables of S8 .
and SR pigs of Yerd X at the age of 11 wesks, If the SS and SR pigs were classified according
muxewuﬂhn!mkanetcsx,wesswakommurandmmmtmmsk
pigs, aithoughi the creatinine concentrations of the S§ and SR pigs were similar (Table A3). A
5
> Tble 3.3 Mean vatiiés, standard deviations (sd) and level of significance of blood variubles from
4] pigs.in herd X as influenced by sress sensitivity
o Variable . R pigi Sspip | Significme el .
5 > Mo si w_ | Mem  w " .
) <X TOR | 1% 0 B e I 057 NS
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3223. - 'The infiuetice of stress sensitivity on the blood variables of pigs from herd Y

Thie influerice of stress suicptibillty on the various blood variables of the pigs from herd ¥ are
given in Thble 34. These results differ somewhat from those of herd X. The SS pigs from herd
¥ had 2 higher LDH actiity thau the SR pigs, as well a5 a bigher concentration of inbfganic
phospbate, However, the S pigs had a lower urea concéntration than the SR pigs. No ofber !
significant differeaces wee found.

Yo

Tble 3.4: Moan values, standard deviations ('d) and level of significance nf blood variables from
ples in herd ¥ a5 influenced by sress sensicv

Vaciable SR pig 55 pigs Significance leved
Mean = P Moast 5 5 .
e wa o faesz a4 10 [k 102 B 0187% NS
LDH Wi [ue s 6 lwe a2 3 [ ®
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| Atbongn ol E] 3 ® E 8 9 odms NS >
Glowutiy manol » 3 1 Y 3 s Qs NS
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centraticit: of

orglmu phosphaw of the: SR. pigs from hord ¥ were-lower' than thoss of herd
doetjghucose, cortisal nnd-\‘.hu
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for the vemaining blood varisbles detormined. Classifying the SS and SR pigs according to the
initial halothane test petforsied betseen the sges of 7 and 11 weeks, resulted it the SS pigs having
a lower AST activity than the SR pigs (Table AS).

§ Table 3.5: Mear ‘vabies, stindard deviations (sd} and level of sigpificance of blood variables from
: SR pigs as Influenced by hend

i
o [Variable Herd X Herd Y ‘Significatce fevel e
i Mean P o Mean P a i
E3 W {ax % % | o 0 [T i
LoH w Jen B |uw 1 E 0B N5
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R | Atburain mmol/l 34 3 30 ¥ 3 0 05030 NS
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3225, The iufuetice of herd oa the blood variahles of 58 pips . . .«
Thio résults’ are shown in Thble 36, andl show {at the CK activity of the SS pigs from herd Y
was higher than that of herd X, although the aldolasg mmmufumss plgs From herd Y was
lower. The S8 pigs from hord Y,had bigher concentrations of ium; gliucose;
mmpmcphospmu and cortisol than lhcss;ngfmmherdx.uweuns;mgmmn -to-creatisiine
ratio and anigh gap valug, A-lower croatintic concentration was fecorded for-fhe S§ gigs from
berd Y. No“othersigaificant difforences btween the SS pigs from herd: X and Y were. found,
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Howuver, the $8 pigs also. had 2 higher calciim. concentration. and csmolalitv if the pigs ‘were' -
classified 2SS and SR pigs according 10, the iaitial halothane test performed between the ages o
of 7 énd 11 weeks (Table A5).

mu- 3.6/ Mem Values, saidand devictions (i) and leve! of significance f-blood varibles Yrom
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TS,

*the influenco of fierd of the SR pigs ; e
#the fufiionce of berd on miscle therabdlites of e S5 pigs.

These analyses were repeated using the initial classification of S$ and SR pigs as was found using
the halothane test between the ages of 7 and 11 weeks, because of the differences in classification
found betwees the mitial sid finat classification of S5 dnd SR pigs. Thesé results are shown in
Appendix A, Tables A6 to A0

3234, The infleence of stress sensiiivity and berd on the muscle metabolites of 13 week old
Pigy

I rlation to animal stress sensitivity (Colun A, Table 37), the SS pigs had generally higher
concentrations of Jactar Jucose 6-phosphate and glucose than the SR pigs, with a concomitant ¥
‘ lower phosphocreatine coucéntration. No significant différence weie found between S§ and SR

M pigs concerning the ‘concéatrations of ATP sid glycogen (Teble 3.8). However, using the initial
halotbine test to classify SS and SR pigs, the difference in the glucose concentrations between e
tho S5 and SR pigs pigs was At sigificant (Tables A6 and A7), .

Table 3.7 The results of 2way unalyses of varimce on the muscle. metoboliles of pigs 4 inflienced.
by sress snsiiy (A SR - S5).and e (5: hend X 5 ond )
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sengitoly and herd B Ve
Fartsble : SR pigs T Sspis ' Hn;‘ax Gy Herd Yo
Moon _edin m | Moan . st G |Mem: sd- o |Mesn . o8 g
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As 5 illustrated in Tabics 37, herd had-a significant influence oii the different musclo varisbles
stadied {Colinni B, Table 3:7). The concentrations of lactate and glicose 6-phosphate 3n the pigs
from betd Y was higher than for the g herd X bir the flations of ATE, phos-
phodreatins ‘4ad gljcogen-were lower for the igs frond herd Y+ (Table 3.8).

o
Sigoificant difforeices in the Joway interactions of hed ard stress sensmvny were Tound for g\lwoss
6-phosphato and ghucose concestrations. w

B . 3
2?232‘ Thé influence of stress sensitivity on the muscle metobolites of pigs from herd X

The resulis ap shown in Table 39, The lactate and plucase 6-phosphate concentraficils of the
§S pigs from kerd X were higher than those of the SR pigs, with'a concomitant lower phos:
phocreatine’ congentration in the SK pigs, No difference was found between the ATE glucose and
slycogen concentratios of the S8 and SR pigs, Similar rosults were found using the mml halothane
test for classifying stress sensitivity (Table AS).

Tuble 3,9 Mean valiies, stondand detiations (sd). and. level aj dyﬁfw{p of muscle. metgbolites of
pigs:from.herd. X @ inflienced by stress sensifviy

Veriahte, SR pigs © Significanice fevd
Mesn 34 P Z

Lacute L ) |« <ooy .+
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Glycoge LTI I. 27004 NS

* FLactate, 'ATP, glucoss 6-phosphate, phosphocrcatine and’ ﬂum i m P v
w glyeoo voltelg moscle P -.1 .

3Jzaa,, Tue Iafinence of stress Sensitiviy oa the muscle m‘gﬂbullm of pigs from Herd ¥
, NP E-E X

" Thy restlts’ of this analysis axe given in ‘Table 310, The lactate and: glncose soncerisalions.of
the 55 pigs ere higher than those of the SR pigs, Howaver, the SS pigs had lower pl hicrepting

¢ inld glycogie coricentrations, No.sigaificant differeices %e ATP and hcse 6 phosphate cone

mnummmssms&mgswuafom . - .

» B L e .

dor s L - S -
+ 3234, The infgence,of hord o the muscts metabalites o skyip

+ The st e gilen in 'libie»s.lL The SR° pigs f.rmn l-ud Yehad sgnificantly Highét lictate
and glnmae 6~phnspha;o ‘concentrations’than the S% pigs fmm herd X, The SR pigs om herd:
¥ alsohed lower c and glycogen ¢ thart the SR, pigs of hord X, No
ynﬁmcd.mmwmfombnwmmm”

ai glicosc concentrations of the SR pigs -
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of herd X and Y. m:«umdmmmmmmmm“nmmchwfyssm
SR p.&wm similar (Rible A9).

Thble, 3.1 Moan, vabtes, standard deviations (sd) arid vl of sigificance of misle metaboltes
ofplgfmm hend ¥ a-inlaenced by sess seniioiy
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Table 373 Moo values, mnddrd dewmuuu (sd) di e of sigifiance of ruscle metabolics
Jiom SR plgs as influericed by

Varisble e B 1. Herd ¥ ‘Significance fevel
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3235, it inltuence of bird on % miscie metabofts. of 5§ vigs .
o B Ty . “
Table 312 gives the results 6f the unalysis of:the influencé ofcherd on the muscle variables of
58 pigi: The. amlyes show that the SS pigs from herd Y ad a sigificantly higher larate conc
tratiofi than the §S plgs from herd X, whereas the. coricentrationd 6 ATE, phosphocresting
’yycogmwmmummssmgm‘mdymanmssmﬁomhmx No sigaificant
" difefencés were fogad between the glocose & phosphats and glicoss conceatrations of tho S
“pigs 2 tesult of hoxdinfiience. Hoever, using the i) halorbane test to clsssily pigs o
ss.xsn,,umfmdzhnmusswﬁmhemym.h.ghagimmmmmm
rm\ssm&omhudxmblem)) -
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Ta0m.;3.12: Mean‘valtes, standerd devitions (m) and level of significance.of muscle metabolités

fronvSSplgrm-vrﬂwmdbyheld
Variable Herd X Fied Y Sigitficance level
L Mitan o £} Mean 5d ]
Lactate. w7 5M W 021 520 3 [
aTe R A Y R 4 196 9 o8 | -
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Glucose L Wﬂ ik 111 03s 9 20559 NS
o 797 17 3730 62 9 oooz e+
Lactate; ATE, goctps 6piaphate; Mrum\im and giocoss : amallg miusdle

+ gk ghyosy unitsy muscle
Ty
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3.3 Discussion

Differericos in clasification of pigs a8 being SR or S5 by using the halothane test has beou reorted
‘Proviously (Webb & Jordan, 1978, Petri ef al,, 1979; Webb, 1980a). Webb & Jordan (193 found
9% disagreement;hotweon repeated batothant tests after a 20 day interval, in which pigs initially
classificdl'SS, were eclassified as'being SR during the soeond halothane test. This it in close agree-
mont with-the résults obldined in’my study. "Using an intravenous: halothune test, a doss/response
relationshipwas found in pigs afier a certain threshotd was excéeded, and this threshold has been
found 1o very besween individual pigs. (Gregory & Wilkans, 1984), which is in agreement With
the hypothesis: of o simple awtosomal teccssive gene with possible high or complete penciratce,
but with variable: expression of one of the yecessive gitios (Hradecky ef al, 1980; Pazdera et dl,

& Wilkjhs (1984) by speculate that, by using the conventional halothane
test, S5 pigs could proiuce 3 mild dcidsis rosponse, without it being expressed ‘towatds muscle
contrsicture and: limb rigidity. The pig is thus being classified as SR Difsrences in classification
may thuf ocouk. Varianess, i classification may ‘also result due to fictors such ds the variation
in exorticnal, nutsitioual and/or Kealth status of the pig, (Marby, Christion & Kuhlers, 1981). Also

the age at which the pig is halothane tested, the helothane concentration (Kallweit of f; 1980; -

McGrath et al., 1984), durdtion of the test (Webb & Jordan, 1978) and.ambient temperature: (Kallt
weit e al, 1981) influence the outcome of thie halothane test. Another reason for misclassification
is the expérience. of the operator, and ft i thought that this might be the obwios teason for
ch'lfntenminmysmdyinMdmiﬁwxhnﬂdwp@ussmskbelwmmmhﬂolhm
tests. Unfaxmnately, the halothane test does nof. identify stross suscoptibility carrier (Mn) pigs
(Gresmy & Wilkins, 1984),

&

Although. :he ciassiication of S5 pige cogld“be-done according to. the nitl hu.loxlmw test-per=
. somab%menu..-..guocn..duwuu,mgu,wm&dmxdummssmu
osc-that died as a'Fesult of ireadmill csercise or halotharie exposiie; and ‘aithough differcaces
‘wers found jn um&wnbxes and;musie metabolites ai.a result.of the two different classification

. . G T Ty gy




methods, the discussion wifl centre around ths classification using the final test: Tho reason for
this is-that the final test leaves littfe room for misclassification of pigs as a result of operator
inexperience, which might have been the case during the initial halothane test. Also, the differences
in blood varisbles and muscle metabolites between the initial and final classification are of a minor
natue, S

I the literatura the vse.of CK, LDH 4nd aldolaso activitios bave already been indicated as-being
ukeful in tho identstication of S and SR pigs (Berman ef at., 3970; Berman ot al, 1972; Eikeloaboom
& Minkema, 1974). However, in iy study no difference was found in CK activity between the
S5 and SR. pig, althougl: differences wese rocorded between the 5S and SR pigs reguding LDH
and aldolase activiies. On further favestigation it ws fouod that herd biad an influcnce on the
possible. uso of LDH and aldolase activitics for the identification of S5 and SR pigs. The $S pigs
frons herd X had a higher aldolase activity than the SR pigs, without any differencs in their LDH
activitios, S5, the SS pigs frons heid ¥ bod a bigher LDH - activity than the SR pigs, With tho
aldolase activities being similar. Therefore, the use of thess two enzyme activties for classification
purposes are influenced by hord effects, and accordingly not wiequivocally, This finding could
thys explain some of tfic. differences boing reported in the Ktcrature, using LDH and aldolase
activities s identifers of §5 pigs.

A possible explanation why. the CK activities btween the 85 and SR pigs were sot significantly,
dhifferent i given by Mitchell & Heffror: (1975), According tu.their results CK. activities during.
the rapid growth phase do not significantly differ between SS and SR pigs, and has therefore
sio diaguostic valie during this period. It s suggested that the CK values should only b vied
before the age of 11 weeks, and after 28 weeks for possible classification of stress .suxoeph'bl]lly
purposes (Mitcholl & Heffron, 1975). The use of CK activitics might still be of importance, &
pecially it the pigs are stressed before:a blod sample is taked, as has been proposed by, Bichardt
(1979). I this regard, Bickhardt.(1979) has indicated that CK aetivity.dan only be used with relative
acouracy under certain standardised conditios, such as a standardised stressing procedure appliod
befote CK is detesmined, in the prediction of S pigt which was not part of the methodology
followed in this swdy. . e
Although the analysis over. the total number of pigs also indicated significant differences’in total
protein, inorgenic phosphate nd cortisol, these- differonces betwéon S, and SR pigs wers.also
subject to differences between the dilferent erds, Therefors these variables, would also be prone
o berd differoncss and could thml‘m not; b ised for tmequivocally idestifyifg. 5§ and SR p.gs
The use of muscle wetabblies of the M. sepuitendiriosus. anmgfagequWmm
for the possible use. in the uieg\uﬁcauon of 8§ pigs. Possible metahglites were found to be lactate,
glucase 6:phosph In. both the herds the S§ pigs had the higher
Tactate and and lower, phDsphocchﬂnA which is similar td”the findings of Hall & Lucke* “(osay.
However, although lactate: and phosfhocréating showed the same typs of differofices in Botthe
herds, it must be nofed that. dxﬁetc.nws were o found for the SR pigs. between the tiwo




i Ilg misclo metabolics o0 e 10 e diffeeces,
and therefore of limited value, fa \.éymg S8 pigs. :

Hence, the use of cither the blood: profiles of pigs at the. age of 11 weeks an the niuscle metabolites
arthe age of 13 weeks have limited valve in the prediction or identification of SS pigs. These
valués are subj. ~ rl dnlivwncu o

Soveril blood Vi, o < Terenots Were found brtween tho two herds. Although the igher sorum
aldolase and ALT « itils of thé piis from herd Y were lower, indicative of a possible lower
Tevel of seress susoeptibility (Schmsitten et a., 1981c), the higher potsssium, magtesium, calcium,
#lucose and cortisol coticentrations would indicate 4 higher level of stress susceptibility amongst’
the pigs from herd ¥ in general, or a higher Tevel of perceived stress {Berman et at., 1972), which
is also borne ont by the fower bicarbonate concentrations. These indications are also found in
the muscle metabolitos, with the pigs from herd ¥ haviagthe higher Iactate, but lower ATE, phos-
photrestine ‘and glycogen concenirations.

The_ glycogen concentrations of the SR and 5 pigs Fom hord ¥ kvke”significantly lowor than
that of the. wmspmdﬂvg ‘pigsciom herd X, thus further svidesce to the idea. that the pigs from
herd Y have cither a er: gpnm! level of stress snscepu‘.nhty or pexuewed a hlghcr lml of
strss dusng the takiing of the blood arid sustle: bigpsies.

Ohe of the major constraiits in-uing bldod or muscle variables for prédicting SS pigs lias been
the issuc that'to Shtain xhe blood or mustle, the dnimal has (o be restrained or anaesthetised,
both procedures that may inflsesce the psydzolngxcal ‘and physiological status of the animal (Pleiffer
& Loogerken, 1988). -+ ¢

‘ msdaaarahig,mmalwonumaspemivedbymupig;ﬁomdemmmu

‘mote ‘spproptiate than a higher fevel Of stiess susceptibility for thi ‘Gifférences between the two
herds. It was noted at 11 as well ds 43 weeks of age that the pigs frém-herd X scomed: “tamer”
as they did not shy.away:fiom persmmel, whicreas the pigs.from herd ¥ seemed &0 be “less tame”
and did not allow touching by pex.snnml. These difforences might be a sesult’of the type of bandfing
the animals, and also the differences in the 5pe ' of honsing used by the different producers. The

.~ housing used by the pioducor of Bérd X wek very similar to that used duriag the study, bet veory
- difforent frum. that usod by the pivducer”of Berd Y.-Also, ti hovishag pons at profucer X aad

ab ADSRY were cloaned every day, whle thdse'at pre fucer ¥ guly once & ‘week. Thetefore, it
may be assumed et 156 plgs i herd X would react less to handiling Lban pigs froin producer
Y. Futher it wight B¢’ assumed that the, three wesks allowed for thepigs,of herd Y for petting
used to; e different envitotiment was. ot @ung enon&"g and the’ pigs would thorefore react more
nepnvdy Gh hand]mg d\lnng the wharal Wr durkog blood taking, o the taking of the siuscle




blopsy. A.-bigher Tevel of striss was ths. pesceived by the pigs of herd X, ‘and therefors the dif-
forences betweon the,two herds. L . :
These. blood amd miuscle vatiable differcacts wers aiso found i the SR pigs betwoen of the two
hezd, but the différences: wore exacerbated in the cas2 of the SS pigs between the two berds,
The S8 pigs of herd Y had.a bigher CK actity, hyperkalensia, bigher magresiunt, caldinen, ghicose
aud inorganic phosphate concentratiops, which are all assiciated with stress suscoptitility or MHS
(Betian o al, 1970). The higher-cortisol conioatratiost of the 5 pigs from hetd Y might indicate
that these pigss and in goneral the, pigs from hord ¥, perceived the stress as of a higher level
‘thos the pigs from herd X_ The higher musels lactate, and fower AT, phosphocteatine and glycogen
concentrations of the SS pigs from hérd Y support this ides,

5.4. C;w;clusinx;

Dlﬁerence,? blood vmnblu and muscle métabolites bctween Beeds mmphcata and négate the

alues thise varisbles and mﬁa\w‘&xns ‘might, ha(vrn These diifcre.nm , might. even be.as-

 aibéd to 't difereat husbandry managoment practised followed by the diferent producers, The

and muscle: metabolites to jdentify SR andSS pigs is thus. nof

wight caly, bs teue if bpe;am- s experwnoed in the. maun@em: of the halothane test. Un-
fortuantely it only identifies §S pigs {nn), and fiot stress susmphbﬂ-:y cartier pigs (Nn). Howerer,

<t application of tho halothane tot fu brgeding strategies ot srodos, posiiys el n it
the ncidenco.of S5 pigs decsosis. ;




CHAPTER 4

"Growth, carcase and meat characteristics

4.1, . Introdustion

E ™
1t hay been suggested that stress susceptibility in pigs is the result of selection for; and i associated
with, héavily muscled pigs, that have a highgrovth rate, improved feed efficiency, and lean carcases
{Nelson, 1973), Also; fic carcases of SS pigs have a higher staughter-out percentage (Eikelenboom
& Minkema, 1974).aud have a higher muscle to fat ratio than carcases from SR pigs (Monin et
al, 198Y; Schiittén et ol, 1981b). Carcases from S8 pigs al$o have-a thinner backfatthickness
(Eikelenboom & Minksma, 1974; Schmidt & Kallweit, 1980). It would therefore seem to be ad-
vantagecus for the producet fo produce 85 pigs. MoGloughlin ef af. (1980) on the ofber hand
have indicated that stress susceptibility is 4ssociated with reduced Haily gain, a rosult also found
by Mitchell & Heffron (1981} in & prefiminary study, and which suggests that stsess susceptible
shimals fay be,Jess cconomic to produce than stress resistant animals, ‘
o) g ,

Nevertholess, § pigs prodigs PSE musculatucs post moriems (Mitchell & Heffron, 1982), which
i an excopted deféct in the quality of meat. Regarding spocific characteristios of PSE meat such
s toughuess, aroma ad juiciness, no consistent results kave been reported in the literature. The
sesults regarding the tenderness of PSE meat range frun being tongher than meat of normat quality
(Dildey et al, 1970) to PSE. meat being moré tender (Fox o 4L, 1980), Conflicing results regarding
moisturo content of PSE ‘meat has also been feported. (Soarcy et el 1969; Fox et "al, 1980).

These meat chiatacteristios have been Investigated in an extended .study of growth, carcese and
‘moat characteristios of 5 and SR South African Landrace gilts,-and the rosults of this investigation
are reposted here, o l

i 7

The rosults rogarding growth, carcase’ and, meat claracteristics gre analfsed povording fo:

*ihe influence of stress sehsitivity and ped on i
siizaber of pigs. <
*tho influence of ytress sonsitvity on tie characteristics of he pigs from herd X _

, cargiseristios of tho totel




*thy inffunce of Stiess sér tivity on the characteristics of the pigs from hierd Y
*the influence of herd on the: characteristics of SR pigs
\ *1he infiaetico of berd ‘on ihie. chafacteristics of S pigs.

4.2. Results

i 421 Growth

4.5.1.1. Mg dally galn {(ADG) und féed conversion ratlo FCR)

Average dm.ly gain and FCR w0 two very inipo..ant criteria for the producer for the evaluation
of pig efficiency, and afe therefore of.economic consegoence.

42111, The influence of stresy sensitivity and herd on ADG and FCR

The S pigs bad o lower FCR compared to that of the SR pigs, but herd had no significant
influence on the 4DG and FCR of the total number of pigs (Table 4.1). The average ADG and
FCR values are given in T 42.

Tible 4. The Feults of 2nay analvies of varitnie on ADG and FCR of plg: as inuenced by
stréss muirlwly (: SR i S5) and herd (B: hend X vs herd X)

Vatisble Stieas sensicivity (A) Herd (B) 43

Pyalve  Significance tevel | ¥ valve  Sigificonce. tovet § yelte  SigniBivince leed
ADG, <6801 90 NS ¢ 179 03935 N§ 0,084 o1 Ns
FCR . 8631 ooods 8176 Ns | awms oo |
Tible 42: Mean values and standerd deviatons (sd) of ADG aird FCR of pigs as influenced by
stress sensitivity and.
Varidble S SRplg .88 plgs * “Hesd X Hend (Y

Mewn o, n (Mesm 84 o Men w p (Man sl 9

ADG  sgtey | DBOL 016 38 0RI 0160 %6 G e ey
FCR \_&7& o 37 28070518 36 | 301 L3 46 3092 0265 17 o]

4.2;1.1.2. " Infvence of mu suniy on ADG ‘uad KCR of- pigs from berd X.

s Sﬁmscmh&yhadmnplﬁeantmﬂncm on mADGnndF\::R't:ftluapigsfz‘ormlmdxw
bl 43 AR ’




Table 43: Mean vainés, standard deviations (m) and level of sigiificance of ADG and FCR of
pigs from herd X as inflienced by stress sensitivi

Variabie SR pigs SS'pigs ‘Sigaificance fevel
Mean ) o Meaa sd an

ADG Ky o F 01 LRI ) ome 0181 17 08950 NS

PR 37 o4 % a9 0mw 17 00T NS

42413, Influsace of siress sensitivity on ADG and FCR of pigs fram herd Y

Tio $§ pigs from Bord ¥ kad & siguificantly lowes FOR than the SR pigs from the same berd,
althongh the ADG betwoen the two fypes of animals was not significant (Tble 44).

Tible 44; Mean values, standard deviations (m} and fevel of sigiificance of ADG and FCR of
pigs Jrom herd 'Y a5 influenced by stress sensi

Iv“-m SR pigs S5 pigs ‘Significance tevel
Mean, Y n Mean, 59 "
ADG el 2= T3 0sss ol 9 0666 NS
3,656 5258 8 2477 0270 2 <0000L __**
42414, The differesices in ADG and FCR of SR pigs from tise two herds

‘Alihoigh the differnics i ADG of the SR pigs belwoen the two herds was nof significant, the
§R pigs fom hoed Y b the Wigher FOR compared to the SR.pigs rom berd X (il 45),

Tublé 4.3 Mean valies, stndard deviaions (m; awid Jevel of significance of ADG and FCR of
SR pigs. us influenced. by herad v

Iv.mu ; X L Hed Y T Savitcance ot

. Mean s n Mean & 0!

:. [ape wgidny o am - W Gm9  og 8 ] ot NS
R : am P agss a8 L ogy v
42318,

‘The mtrmuou in ADG and FCR of ss plp l‘mm the. two llerda

mADancthSp:gs&mmatwolxudswlssimﬂu,wttheSkply,fmmhefd‘ll!ada
lowﬂ‘FCklhanﬂmSSpnylmmhcrdX(’lhbledQ v

Teble 46 Mean: e, slanderd dmanan: (o) and vl qf:lgrﬂ/‘umca of ADG gnd FCR of S8
Pigs a5 influenced by herd

Varlabie o R X Ford ¥ Signifieance levet
v N Tl Mean e a Mean . o
“{ADG. ., - kghay o omt- . oist 7o .l geS T pa0s 82467 NS
FCR : o MR N 2417 0am




4212, Live mass e
. " e

42423, The tthence of sizéss sonsitivity and herd on the Tive mass’ of all the pigs

*fhe results of this analysis &re lustrated in Tables: 47 and 48, The mass differences between
the SS nd"SR pignwere.culy significant at the ages of 12 and 13 weeks, with the SR pigs being
Demvier. Tho pigs from, herd-Y ere heavier than the pigs from herd X throughout the growth
petiad of 13 n week.s of age.

by re.w»f s of varlarce on live mass frors the oge of 12 to 21 weoks
Txmlbym:::mn Iy(A:‘:RwsS)nndhud(B.herdX lerd ¥)

o £ Siress seaiivly () Herd (B . a8
DR ¥ vaius ‘\ugmﬁunmmq Foate | Significance tevet | F vatue __ Significance tovel
‘Week 12 Q‘“; lﬂ‘?ﬂ “w]& .- 16436 opR v 0,109 07455 NS
Preck. 13 sa . o8B o] 2w <opm 009 0926 NS
Week 14 . ospoa. o2 NS | M 60008 0169 06867 NS
& fweek 18 44 odn N 2ASH <o 0558 0AGSS NS
Week 16 1 -| 200 © oM NS nad - <omm 036 | 05764 NS
Week 17 © Y TS 0w N | 20906 <opoor et | 0109 ¢ OmE NS
Week 18 1814 Gism NS B/AB <0001 v a3 03753 NS
Week 19 o0 036 NS 2 <oper e 052 AT NS
wek o0 o 0w ome. NS 28 <000 0197 - 086 NS
Weak 31 228 < iad D813 03809 NS

[Verible HedX % ¢
= 3 Mesn sd L3
Wael 17 % (B2 47 45
Week 13 % |Bm o am 48
Weck 14" % |®® 6% 4
Wosk % oo em-o
“[week 16 6 |4 s e
Week 17 2% 34 BB 47
; vkﬁm 26 [ e a
Woeek 19 % 62 837 47
Wenk 20 n 651 936 4
| Week 21 18 T34 882 3

a2iaz, mmnnmunmwmm.{immmummmx ,

ThcnvmpmssoftheSSpi{gwxs Wthm!hatnfskp@atuwnkxofay Themﬁarmoes
+ in Iive. mass frond’ the nps of 13 wookﬂ’o 2 wcuks were not ng)iﬁmnr (’!kbln 4.9).
5

AT ’ﬂ,
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| ;
3 Thble 49 Mean vales, standard deviations (sd) and level of sig v v
g heMXa:mﬂumwdbymun:vny
Age SR pigs S
Weela | Mean ] o Mean =t T
17 07 ECIE] 23 kN ot
n BB 2 B =% 56 Ns
] E) 52 643 ' 2694 6245 LN
B 5 4335 [ a2 % NS,
o 1 an - I 0 w3 6n NS %
k 1 5413 4 » 215 K s e
3 ) 85 ELd 825 Ns e
X 1 6o | m 6254 T NS Y
{ » 55 954 30 6942 93 NS ER
i * 2 07 8% 30 2657 8% NS il
H <
b 42123, The Influence of stress sensitivity on the live mass of pigs from herd Y
. . o
As was found in herd X, the differenco in mass between the S ¢ pigs was anlit sighificant
at-the age of 12 weeks, with the'SS pigs being lighter than the.SK. pigs. (Tuble 4:10).

Table 4.10: Mean. values, standard dewahom (sd) and.lval of sgificance of vk, oase = of px
Jrom: herd' Y as influenced by stress sensl

H

|

4 Vagiable A SR pigt 8 pigs slwxiﬁT.m'm L

i { Weeks [ Mean el R Mean = N -

{ Live: mass £ 3606 38 ] 3t 386 8025 - .

f Livn mass. 3 412 3% 3 850 43 01 NS 4

4 Live mase u A58 40 3 am 4m s NS N2
Live mass 15 5313 428 8 4937 s 01084 Ns; W
Live s P S S R s@ o sar outs” Ns o
Five maté. kg @ 4H B 628 585 “ongsst N - e
Live: moss 8 ol pos 55 8 13 638 0o NS
Live masi | My s s | Ba e Coan NS i

. uive s 0 B8 S| s wn st N§
a1 Godian 8¢ 8 BT 891 dda . NS g

B I3 - .
mummnrmsmlymmpmmmhm Th:o“ghnntthbgwmhmn“beskpxgﬁkom
hudeachcmmmskp@mmx o
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Tuble 411: Mean vatues, siandard deviations (sd) and. Jevl of sinificance of five mass fom SR
Pigs as inlucnced by herd

Varlable: A | Hoxd X Herd ¥ Sigaiticance vt
Weeks | Meay g n | Meai st n

Live mass. 12 £ EE 3606 33 [ [T
Live rioss B s oAz o= a3 . 3@ 8 opo7 =
Live mass 13 920 643 £ w4 400 8 opo37
Live masa 1 EEE ) B1 4® 8 optos =
Live macs % @ e W s 4w .8 opuds v
Live s EY LI ) e a8 ooms  *
Live mate ® LI T ') nE s 8 [l I
Live mase ® [ T T S5m0 8 ooz "t
ive miss 2 o5 9% x B 528 ooos
Live moss 2 50 g0 W0 84 23 8 oo+

42425, - The live mass of S§ pigs from the two herds
The resuits of this unalysis are similar to the Yesults found ih the SR pigs! The SS pigs of berd
¥ wets heaver throughout tho growth tral tham the S5 pigs-from herd X (Tubo 412).

Table 4.12: Mean, values, standd deviations (o) anid v of signfcance of Jve mass from S
Pigs as influenced by herd

Varlable g Herd X Herd Y ‘sigalfcace leve]
Webks |" Mean ;a n Mesn ] n
Live mass ) my s u Hg g - 5.
vt mass. B W sm W ®/p o am - 9
Live mass ] %W s W o2m am
Live fisss 5 e s W m s s
Live: s 16 4653 & 17 5500 547 9
Live mass kg 25 M1 G2, sg 9
Live mass ® 80 83w CE Y )
Live mass 1 XTI Bz 6 9
Live s » 42 s B wE s
Live mass 2 T667 896 9 EC 87 L3
422, Carease . L ~ -3

422 1. The Inﬂum of stress msl!lvlty apd herd on carcase A‘.hllﬂdcﬂs!lﬂ nf all '.ht plga

s=vml ugmﬁmm (differences. wele fonnd bétween carcase dmxwkenshcs 25 being mﬂuenwdby
herd snd stress sendifivity (Thble 413). Stress sousitivity resutod o sigaificat difprences in al
the carcase characteriatics measured (Tiblo. 4.13). "The averape values ae repotled m Table 4:15.
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SS. pigs had'a significantly highor slaughter-out percentage, whether calculated using the hot or
cold mass. Thi miass loss during chilling wi fess for the SS pigs then for the SR pigs. The backiat
thickness of the SS pigs was thinter than’ that of the SR pigs, whireas the S pig carcases were
sigaifioantly storter than the SR pig carcases.

: Tuble 4.13: The results of 2way analyses of variance.on carcase characteristics as influenced by
. stress sensitivity (A:.SR v 8S) and herd (B: herd X vs- herd ¥)

Variabte . Sttess sensitivty (A) Herd (B) A8
. : F yale  Significance level | F valoe _ Sipoificance fevet | F value _ Significancs tevel

% Stauphterak % -

g warm mazs 0068 b00% 1017 suB NS 0460 oSO NS
cold rasss BaSL opor 3T om0 NS 037 03817 RS
cuiting loss | 6097 ooes | * S5 oom o oo opm NS
Bockiat thickness | 18072 00001 ¢ @m <o - 0M7 0415 NS
Length 1 16T oS - 1804 g1 NS 364 0062 NS

2 013 NS 4453 oo

Pigs from herd X had smaller diffexsnce between the slavghter-otit percentages as calcalated using
the hot and cold carcase masses thax from herd 'Y, Thus, the pigs from hord X had a smaller
evaporative loss during chilling than pigs from herd Y. No significant differences were found be-
tween pigs of herd X and herd ¥ on slaughter-out percentage as caloulated using the ot or
se0ld, carcase mass, and 2o significant differences in the ferigths of the carcases (Table 4.15).

Table 428 Mean values aid standard deviations (vd) of carcase characteristics asinfluenced by
stress «amm:(y and herd

Varoble R pigs SS9 pigs, Hed X Herd ¥

sx-uy.umm .
sty suass ['mes 24 40| sas 2

90l mass

Chiing loss (] %8> 095 " 0]z og!
Backfat thickness | 243 081 40f 1M 07
(em)
Length 1 (o) | 9847 45 40
Length 2 (i) | | 8312 362 - 40

XEsn
%
g
Ey
H
%
©

. P 4 . ' e .
4222, Whe influetce. o stress sensitivity o the carcase. churacterlstes of pigs from herd X
* Althovgh the différence in sluughter-out percentage using he hot carcase mass was not significantly
different, the slaughter-out potbentige using the bold caréase riiass was (Table 4.13). The backfat
+" . thickness of the §S.pigs was suailer thin-that Of tae SR pigs. No slgnificant differences, hiowever,
mdﬂemmdhavmthaﬁudsﬁms&fmdxm&ngnhawmchmmm
slayghter-out wmu@. 5 caloltted using the ot o 501d carease mas, o fhe mgm he
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Tuble 4.15: Mean values, standard deviations {sd) and level of signifciies of cireusé chanietersties.
of pigs: fmm herd X as inﬂwd by stress sensitivity

Variaite 'SR pigs SS pigs slmjﬁabe: el
. M B | Mem wd Iy

Sthughtfr.ouf %

warm s P98 2 B8 36 00 NS
cold mass ki 24 k) B 251 7 00046 =
Ctiting i (%) 20 15 % 224 [T o7 NS
Bk ticknkis (@] 200 0%8 % 58 s 17 ogm v
Leigth 1 (om) 9758 A E 92 601 17 oler NS
Lesipt 2 (em) P A % 7% . as | ot s

4223. ‘The influence of stress sensitivity on the carcase characteristics of pigs from herd Y
Thie §$-pigs of herd ¥ hiad & highet slavghtor-out percentage wsing cither tho hot or cold wass,
yith the SR.pigs showing the higher chiling loss (Tables 416). Aleo, the S5 pigs ad & siiicant
thinsier backfat than the SR pigs: The §S pigs also had shortér carcases.

Table 4.16: Mean values, standard deviations (sd) and level of significarice a/carwe characterstics:
a,g pigs from herd Y as b;[lualced by stress sensitivity

u{ickm‘“‘"‘ if

were Yound:

Variable " SR yigs S8 pigs. ‘Significatice fovel
- - My s H Mean s o
3 =
acm mass BE . ML W a0 145 7
ool rones . 35 TR Y B ) 55 15 7
Chitlog jogs (%) 3.0 oM’ do Mmoo a7
Backiat thickness {em) 341 - oS 10 264 056 3
Leogtd ) e, 2w w0 T R |
Loogth 2 ()™ B8 230 0 7652 1% 9

e




Thble 4.I7: Mean values, .«tandard deviations (sd) and Jevel of significance of carcasg characteristios
of SR pigs a influenced by herd

Tasave ol HedX e Hed¥ Signtticancs tevel
Mean . s N | Mesw & P

Slavghter-out %

warm mask LT g0 woo» oz NS
cald miass R Er £ 1629 8 ® G NS
Chiting toss (%) 2767 105 E 3% (2 0 ort NS
Bockfat thickusws cn)] 210 70 0% % £ o 10 <omr
Length 1 (om) g8 AU LW 101,14 wm oot
Leagth 2 (om) i Z T S 248 20 10 opsL *

Tuble 418 Meart valtes, staridard deviations (sd) and level of significance of carcuse characteristics
of SS pigt as influenced by herd

Varisble Herd X Herd ¥ Significance level
Mean ¢ | Mean st s
Siaughteout % R
Joam mass B 288 M B 145 7 ogs NS
coid mitss s 251 7 s 12 7 04623 NS
Chblisg Joss (%) 224 08 * n 040 7 o0s2 NS
"I Baghifut chickmess (em)] 158 - 048 7 | 24 038 9 <0000  **
Leagth 4 {cr) n o4 60 7 9391 169 9 06490 NS
Lemith 2 (om) * T A 17 7692 158 9 05257 NS
423, Meat N -

4231, Tho influence of sressisensitizlty -nﬂ herd on mm characteristics

The xesults of the Z-way analyses of variance are’given in Table 4.9, with the averags vaines in
m;lc 420, The pH values of tli¢ S5 -pigs at 15, 30, 45 aud So.mmnte.gw mortens were-lower
I.hnn\,lhme of the SR pigs. In general, no othet;lanﬁcanl differences in meat characteristics, as
a rosult of stress tpe way fouid, except:for'ahear forco values at cooking temporatures of 70°C
“ahid QU°CY. At thisk tosfipgrabiirés the. meat, fronhthe SS pigs.had. the Iower sheor fares vatue,
"the saing resalts were foind o " xchysicn of the DED carcases (carcases with a pH valuc
<6024 Tonrspest moriem). (Appendix B, Tables "B and'B2), The only excoption’was that the
meat cooked at 70°C fmm the 8S plgx had' 2 a lawox wter hn!dmg capacity than the meat from
SR pigs.

a5 maeummwspm;no«w th lgssfrom horid Y. bad a Jowes pH vnlun?AlmnrspaxtmoMm

thauumwﬁmmdmmmxsmmegﬂmmﬁmmxhwmﬂymm
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was found for cooking the meat. at 80°C. Simtitancously, the water holding capacity of the pigs
] from, herd X was fovnd to be lower af 6°C, 0°C and 80°C. Alihough no significant difference
b in shedr forcs was deterniined between ‘pigs ffom berds X 2nd Y for meat cooked af 60°C, at
cookig femperatures of 70°C and BU°C et from herd X was found:to have 4 Jower shear
force. No significant differences in the percontage drip loss during vacuum packiged storage, or
the area of the M. longissimus thoracis was found between the o herds, Excluding the DFD
‘carcases (Tubles' B.1 and B.2) whick could influence meat characteristics, the same resiills were s
. fownd, excopt that the pH value G0 minutes post morters of the pigs from herd Y was higher |
. than the pH vaiug of the pigs from Led X, although the water holding capacity between the '
D lwo‘hzlds‘ of meat cooked at 80°C was not sigoificant.

g Table 4.19: Tho resull of 2-way analyses of varizce o mieas charactoistics of pigs as influenced
o by siress  sensitifivy (A: SR ve SS) and herd (B: herd X vs hord ¥)

b Variable Stress sensitivity (A) Herd (B) AB i
L Fvaluc _ Sipnificance level | ¥ yrle  Signifivance level | Fvaloe Sipnificance fevel {
) pH vatuc ¥ N

15 min pm. 2952 <0Q00  ** 3000545 NS T 096 L

30 fain pam. 2530 <0000t 21 G513 NS ser 004 v }
- 45 ‘min pa PR <00 v 094 03T NS 108 OB NS
i s 60 min pan. 02 . <0001 0,853 0433 N§. 0052 - 0835 NS
: " Foa npan, Lism . 0iem NS U N ise  opoe e
e Drip losé L 0mm NS a7  omsE NS ses oum

: f (Cooting lass . A
6C 0,052 08227 NS 18385 o000 Q005 0M459 NS

L e 030 owms N HpS  <opol v o5 Cames NS

: \;J s 0001 0983 NS 85 o5 NS | 0wz U oms NS
Water holding N
" cipacity I .
Ladd om0 0gsas NS 989 optsy 9 ;NS
wrc 168 - 020 NS | ‘m@s  opn v 18 oi%t0 oNS
s ot oserT N§ 9899 opois G184 o5 NS
Shear fore T .
e 120 026 NS - ( 225, 013 NS 1908 0mr NS
e s oo ¢ | flese comm -+ baw ogas WS
src exs  omu v | 2w <omo v 1545 0160 NS
ot dowe NS | o ne2 0179 NS 34137 0pes NS

4.23.2 The lnnllenee of stress sensitivily nn Ml dnr:ﬁedsﬁu nl piy,s from hﬂl X

‘ mpﬂvamesofms&mwmmmnmsepfmwwmso4sand‘enmmuws
past morters, e well as at 24 hours post mortem, Mo other sigoificant differesices in moat char-
aduku&hvcbunfcnndmherdXa{{wsnl(ofsttesssnnsiﬁvily,mptthaxulmohng
" temporature of 70°C, the meat from the 5§ pigs had & lower shear for. {Tibles 4:21). Tn oxcluding
the meat from DFD wcases, 1io:difference. in pH value was found at 24 hours  post mortem between.
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fhe tWo stress sensitivies, although the SS pigs also had & lowsr shear force vlue of meat cookedt
at 60°C (Tuble B3).

Table 4207 Mean values end sandard deviations (6d) of meat characteristcs of m a mﬂualced
by, siress’sensitivity and herd

Variabie SR pigs 8S pigs Herd X Herd X
Mean i o | Mean i3 n | Mean s - | Mean = I3
pH valuy !
15 min pa. 648 020 49 621 032 % 635 925 47 &4 025 15
3 min pas 62 0B 4| eu oM 26| 68 6% 47| 63 030 1
45 o pan. 63 . oig 4| 30 0B 2| 62 0¥ . 47| 6B 0N 1
60 isin pm. 6 o3 2| sm oy B s 0% ] 66 0 B
24 hpo. 5% 036 a4 564 040 26 581 034 47 551 03 19
Drip toss (%) s® 315 40| 600 23 6] 5% 287 47l s;m o nm 19
Ceoldng loss (%)
T ) 1700 435 40} 1680 394 26| 1820 4% 47| 1380 2% 1w
e w10 532 A0} 2840 445 26| 280 4B1 47 2420 P ]
8%0°C a0 442 40} 3430 358 26% 90 . 458 45| 33P0 At
Water olding ca
pacity (34),
60°C. 4930 497 40 4950 426 26 4830 432 417 5,90 460 19
e Bp 5 | e2® sM % | aw 4t 4T a0 SO 10
0 3840 430 40 3860 4 6] 3740 416 47 400 . 421 12
25 m din)
ol an B @ me wun .| mer' amer-47 e 14% W
e w60 3L M0) wWae 1@ 2| M0 RN 7| %A wbh B
BrC W an o) e LR .| BR M F A
B/ 47 d0f BmU . S5 %) BE SO 31
thoracis eres .
[

4233¢ The talocaee f scshe sepsiety o mest charadierlstiés of et o hoed ¥
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post morlen, but-aot at 24-houes past mortens, Thevnmmmpnnkagpdmeutufﬂmss 198 showed
a highier drip Joss during the storag, period than the dieat fom the SR pigs: No siguificant dif-
fexences were found between the mett from §3 mA‘SR s regatding cooking loss and swater
Liokling ‘capacity at the- thtee  cooking’ teinperatires o 60, 76 and’80°C; The shm forcis values
‘betweeik the méat from. §3 and SR pigs tooked af andmwuaa!mnotugmﬁoanh‘l’ha
‘ploatfof-thd'SS pigs cooknd at & was ssguﬁmnymrmn the wmspomnng meat from
uu:ﬁkm : i
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" fubte ‘42l Mnm Valugs, Sanidard. deviations (6d) and lovel of significaiice of riseat characterstics
of pigs from herd X as mﬂueneedby atress sedsitivity
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AIs\? A.ch\lsdemaoflheSSplg was lirger than that of the SR pigs. Although no difference
was found in the FOP readings betweon the $5 and SR pigs, the reflectance vabues at the diforent
pasitions, as well as the’ Avemge valug of the three positions, as measured with thé EEL reflec-
touneter, were mm for the meat fraia 53 pigs than for the meat from SR pigs. The volums
ofdnp tumidwgmmwwasmm for the meat from S5 pigs than from SR
pigs. Similat results were Obtained with the exclusion of DFD-carglses (Table A4), with the ex-
. ception thst with the. exclusion 5f the DFD: carcsises; the mlq/‘ig loss at T0°C of the S pigs

. wu% higher, thé water holding capacity and shear force lowor. No'sigaificant differences were: fonnd

. i'or shioar foree. e, n a uml:mg emperatuze. of 80°C) and miscle m (Table 423 .

;mmv..hu(m Dmm\ozmummw ms,:qumsomms
oy )mmonmvmwmmdyiuwammcmmorssm&mncsnmmammm
o . ©  PH valuo ofthé 89 plg cartases below 6,00, However, the pH valus 24 hours past mortom between
? -tho SS and SR pigs ignificant (Tublo 422), Similar- tained, after the exclision
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Regarding the wafer holding capacity, the SR pigs from bierd Y had highera.} holding capacitiss
atallthree of the coaking temperatures than did the SR.pigs from Heed X, Althuugthe diffsrences
it shear force of meat cooked at 60 and 7(°C wers mot significant, thzmenlfromskptgsof

. hgrthadh:gh:rdwarlomvalnssmmmdmmrdﬂwskmgﬁomhudxne
SR pigs fromiberd Y also had a Jacger M. longiswimu thoracis arca than the corresponding pigs
Fom herd X. In excluding the meat from DFD eatolgs from the analysis, similar results woro
abtainsd, slthongh the water holdiig capacity of the SR pigs butween the two berds was fonnd
Dot te-be significant (TableB.5).

¢ -
Tible 423 Mean valuss, mmdmi daviations (sd) and level of significarite -of meat characirstis
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4225, The fufluence of the tws herds on the meat liaractecitics of S8 pigs

The rosults of this analysis’ -mgvunmnuunummmpﬁmw, and in tho drlp
1oss betwon vacuym pockaged most samples oF33 pigs from herds X and Y were found: Hawever,
 the cooking lossss at cookidg ios of 60 and T0°C were signi o fo the samsples
" from herd ¥ thif ¢ hord X, itough no Sgnificant il wis found &t & codking

of afC. mmhnldmgupamy%mm&emmsswormnm highoo than that
of the X herd at a cooking temperatice.of 86°C, No significant differences were found at cuohng




temperatuics of 60 and 70°C. The shea. forcs values of mest from the SS'Bgs of hid Y were
; highier than those of the X herd at all thrce of the cooking temperatures, No différerice between .
£ mSSpIgsofthclwnbrwdswﬁsfmmdfvrMIang::hnmﬂlomlsmméblndmgths .
meat from DFDy caréasés, similar zesults wese obtained an n tho analysis lnulud.m[; nicat from
DFD carsases (Tilo B,

i K /‘
i Tukle 424 Moan values, siandard deviations (sd) and level nf.ngmﬁ:ﬂnu of meat 7hmct=rlmn.\'
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4.3,. Discussion N s .
431, _Growth ] -

For the producer of pigs, it & important to increase ADG and mwe:;,mz of Hls pigs, as thm
two variables arg-of ecottomic impo‘mmu: Webb & Jordan (1978), hm slwwn that ADG nnd
FCR are siniilar in 8§ and SR Pmmm/l-lmpahuc pigs. A similar ﬁ"‘d‘\ vas dbtained by Eg-
kelenboom, Minkem vn “Blik & Sybesrag (19786) aad Eikelesboon ef dl (mna) ising Datohs
Yoikshire asd Dyt Llndm:e g‘lu, thus suggmmg ﬁut at lcasr in respest of ADG anhFCR
stress snseeph'blhly .ot g ds.sadvam,gu.
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Hoyever, Eikelenboom éf al in an eadlier study (1976), McGloughlin ef ol {1980) and Mitchell -

5 & Heffron (1981b) found a lower ADG aud FCR in stress susceptible Dutéh-and Corman Landrace
pigs. The results obtained in my study using South Alrican Landrace gilts indiéated no significant
difference in ADG between SR and S pigs. However, the FCR of the SS pigs was lower which
was a5 a tesult of the differenco in FCR between the SS and SR pigs £ ror berd Y, similar to
the findiog of Eikeleuboo ef al. (1980), suggesting that the Tesv'ts of at least the FCR, betvicen
SR aud 58 pigs may vary betweea difforont hesds within the same breed. The kive mass différcnces
betyeen the two herds seem to be. mor substantial than the differences within stress sensitivity,
fe. SR and S, with the live massos of the SR and SS pigs being very similar.

These resylts show that, although ADG did not differ between SR and SS pigs in general, FCR
may differ between SR and S pigs, in geaceal, but that these difforences are dependant on dif-
foences between herds, ‘Therefore, it would seém from a growth point of view, taking into. account

G, FCR and. live mass, that the production of S$ pigs is not disadvantageous compared to
SR

. A32;_Carcote

V85 Lantrace pigs stem to have i carcase They bave a
significantly lower backfat thickness and highes slaughter-out percontage compared to SR pigs (Ei-
kelenhoom et al, 1976, Webb & Jordas, 1978; Eikeleoboam ¢f 4L, 1980s; Jensen & Androsen,
1980; Schmids, 1980). Thes characteristics also oceurred in the South African Landrace gilts used
i my study. These diffetences weres b a0t found in 88 Pieteal e crosses (Wobb
& Jordan, 1978) or Dutel Yorkshiro pigs (Eikeledboom er ol 1978b). It would therefore seem
that bresd may influencs the differonces in slaughicr-otit percsatagos betwoon 55 and SR pigs.
In my-study it was shown wsing tho cold carcase mass after %4 howrs of chilling, that the SS

* . pigs had the higher slaughter-out percentages, with no herd influences regarding stress sensitivity,

“This is'a sought after carcoss characteristic which it fo the. advantage of the produces, especially
as it was foind that ADG and FCR were not negatively influenced by stress sensitiviy. Although
the Tower backfat thickness is regarded as a desirable carcase characteristic for pork production,
‘which i desiesd by the producer and to his advantage, it might not, be to the advantage of the
pig industry in general. Xt hias been shown that pigs with a towsr bukfat thickness are more prone
.to produts undesirable DFD pork {Heinze ef al., 1984) which is extremiely susceptiblo to microbidl
spoilage; and leads o a short shelf lfe (Newton & Gill, 1981). Also, thinner backfat !!uckness:s
lgad, to processing diffienfiics (Reid, 1983 w»od, 1983) . o

> Tho 8S pigs also had shorter carcases than the SR pigs, & ﬁnd\ug simifar to that found by varicus

o other rescatchers (Webb & Jordan, 1978; Schmld( & Kallwelt, 1980; Monin et ai., 1981, -Schmitten
. etal; 19810 ). Purthermiors, $S Ditch Landrace pigs (Eikelonboom ef al., 19760),hed significantly
Tess carcase mass loss, ducing chillng;  nding tupported by my.stidy, whils S8 Yorkshire and.
pigs did ot (Rikel et al, 197855 Webb.& Jordan, 197), Thus, it séacus

that differences between breed.s may be found, However, in'my study, it was alsa found that within
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breeds dilferences may be found for carcase charactoristics such as backfaf thickaess and chilling
Ioss, Overall, it can be coucluded that the SS pigs in géneral have advantageous carcase char-
dcteristics. However, these positive carcase charactexistics of SS pigs. bave to be evaluated in
the light of the meat theso pigs produce.

433, Meat

Although it as been found that meat from SS pigs is kess tendor as measured by shear force
(Dildey ¢ al, 1970), Fox et al. (1980) found PSE meat.to be more tender, a finding similar to
the results in rmy study. In my study, meat from SS pigs was gencrally more teader, and sipuificantly
50 at cookidg temperatures of 70 and 80°C, No sigaificent differences were found between SS
#nd 'SR pigs in peneral regarding drip loss, cooking loss, water holding capacity and M. longissinuzs
dhidracts area. Theso Were lso the findings regarding the influcnce of stress sensitivity within the
two différent herds. However, differences were found between the meat characteristics of the pigs
Tbetween the two-herds regarding the meat chatacteristics cooking Joss, water holding capacity and
shear force, The: mest from pigs of herd Y generally had a Jower cooking loss (significantly so
at cookiag temperatutes of 60 anf T0°C), Those differences were abso reflegted in the water holdiog
capacity, =ith the sieat fom pigs of herd ¥ having a bighes water holding capacity than the meal
from pigs of herd X, Howsver, the meat from pigs of herd Y was less teador than the meat
from pigs of herd X

The advantageous carease qualifies of S5 Landrace pigs were, however, offset by the rapid Gl
in muscle pH which occurted post mortern in these pigs, and which is-characteristic of 5S agimals
{(Mitchell & Heffron, 4981b; Lundstrdm et of, 1983). The. rapid. fall-in siuscle. pH-post morten
Ioads tothe development of PSE. pork (Honikel & Kim, 1985) and a resultant loss in.mase during
rocessing (Kiingbie), Naud & Van Essen, 1976), undesivable: pale.colour, and an accumulation
of yndesicablo fluld (Lister, Gregory & Wareis, 1981). The resuilts of my stidy using the pigs from
berd Y, support these findings in that SS pigs had an undesirable, colour and grester volue of
drip (herd V).

434. _General

Selective breoding bas.the aim of eaplaiting cortain animal-traits to satisfy certain needs, which
usually havo ¢conomic advantages, Therefore, the pig prottucer Aims to increase ADG, FOR and
musele 0 fat ratio, whoreas the pig industry also wants a reduced the incideace of PSE mest,
From the resulls obtoined in my stugy, the large differencs betweon hords in the same bieed
is-obvious. Also, these differences are found betwen SR pigs of the differest Herds. It shonid
thereforo be possible to satisty the néeds of the pig producer and pig industry by selecting only
,SR pigs'aad circluding ai SS pigs from breeding stotk, Selestion criteria should therofore also
mdnde th ideiitification of §S pigs if the scwm criteria include such’ characteristics as dafly
gnin, backfaf thickhess ect. (Vagell et al., 1.985)




44. Conclusion

le lesv"'.a oL 4y study support previous data collected on the growth and carcase chnuctcnmu
of S5 Landrois whe I gineral, SS pigs havé & similar ADG to that of SR gigs, but a lower
FCR, whercas’ th live ‘siasses of the two types of pigs arc similar for the ages of 13 to 21 ‘weeks.
“Thus, athough the ADG of the SR and S pigs aro smila, the $S pigs havé a lower FCR, Certai
mmsendmtgmtyugisorss animals are superior. to those of SR ‘animals. These char-
actoristics inefuded a highet dfaughter-out percentage, lower chilling Tosses, thinner backfat, more
compuct carcases, ‘and more: tender meat, However, these positive characteristics are offset by
the lower pH valies of the meat up to 60 minutes post mortem, and pe s, colour, indicative of
PSE meat. This lower weiscle pH values and sesultant PSE meat has a negativé influence on the
pig industry, as'it s the guality of the end-product, in this case meat. that determines whether
the influence of SS pigs on overall production is positive or megative. The low pH value and
resultant PSE meat ‘neutralises thorefore the advantageous carcase and meat characteristics 8§
pigs possess. Thus, although the production of SS pigs hiave positive advantagrs for the produocsr
in terms of leater pigs; slaughter-out percentagés ect,, it leads to a loss for the pig industsy in
general as a. sesult-of the pmdwchon of PSE meat by these pigs, wmq'm:n!ly toa hwer quality
of ‘mest, voos i

Nevertheloss, several herd differences within the South African Landrace bréed was found, wiich
tmay-effeet tho growth (as mibasured by ive mass), carcase and moat chardctéristics to'a varying
degtes. Thess diffecencys-between the SR pigs of the two herds did wiot cfféct the pH value of
the meat Wegatively, 1. foWatds meat of PSE quality. Thus, the advantageous carcase and meat
characteristics whicl may vesult from the use of SS pigs, may also result from selective breeding
using ooly SR pigs, thus eliminiting the negative influence of breeding vith, or producing SS pigs,
sich as PSE megt, IVis terefore, in the intersts of the pig mdllxtry to reduce the incidence
of stress suwepuhﬂuy,




CHAPTER 5

The effect of'stress on various blood variables of pigs

51, _Inteoduction

In,Chaptér 3 differences betwoon th two bords X and ¥ were observed in binod varisbles, How
over, it has beea sssuimed in Chapter 3 that these differences in the 11 wesk of age blood variables
wore th rosult of e different hushandry management procedurcs fullowed by th difforont. pro-
ducers, for cxample, fn one herd pigs were wsed to porsonnel regularly enteriog thelr poas, and
in the ofher thoy Wwere ok, After a misimui of 12 weeks.at Irens, all pigs seemed to bu.s adapted

* o their new cuvironment, as well s to bandfing by pessonnél. It . thorcfore assumed that the

differences which resulted at 11 weeks of age would have disappeared, and that the reguts measured
at 21 weeks after halothane exposuse or treadmill exercise are the consequence of the stfess pro-
ccdure and. ot as a result of herd differcnces.

Pigs mpﬁhle to stress often die when sibjected to natural stress such as exercise, sorvice, trans-
post and heat, o exposed to drugs such as palothane and swramothonium, (Patterson & Allen,
1972). The sigas of a stress reaction are high body. temperature, tachycardia, igidity ‘of muscles,
blotchy cyanosis, and hypercapnia (Harrison ef ol 1969), .

Although (he physiology and biochemical changes which ocour in-$S pigs after exposure-to
‘halothase have been cxtgnsively investigated (Mitchell & Heffron, 1982);.the. effects of exercise
bave: not, nor haye similaitiss and differences between. kalothane induced and exercise dnduced
" streés been. séesed. Such i ion would be of & determine whethet the. rogcti

wihich follow exposure. to halsthane dre, the st g3 thosp which follow. phystcal stress, It has
been zeportod that both excecise abd halothape fesult in thé doaihof strgss susceptible pigs, dnd
it js thought,that:a common featiice is dwuswn of glucose metabolisn rmm acrobic to_anactoblé
paﬂxw-xs (Pnnmom& Allen. 1972)., This-ideas was mvesﬂgmd s, study,,awd the regults ,ire
présented hore d 2’ wmpmson of several blood. vamblac to illustrate differendes betwesn, the
reactions of SR and ss Pigs 16 ha]mhame\e:q)osm -and physlwl stress resulnng trqm ueadmdl
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The. blood varisble data obtsined was asalysed as’ follaws X . &

! *2-way, analysis of variance for the factors stress procedurs (halothane exposure v »

: treadmill exescisc) and stress sensitivity
. . *the influence of halothane exposure on.the blood variables
i

*the inflience of treadmill exercise on the blood V&riab\ns

*the influence of hatothane e:rpmuxe oc irbadmilc sseccise ‘on.the blood variables
= of SEplm v
! *the influence of fialothane expostre or thecadmill exereise on the blood vasiables
of 8 pigs.

5.2, Results

82, The effects of bulothune exposure, treadmill evercise and stress sensitivity on biood
varlables of pigs ’

Tho xosults of the Z-way analyses of variance with the type of stxsss procedure (halothanc cuposure
and tresdouill excrcisc) and stress sonsitivity (S8 or SR)-arc gives in Table 5.1, and th mean
valnos found within each of iypes of streas in Teble 52, Comparing treadumill exercis o halothans
expsare o all pigs (Column A, Table 5.1) troadmill exsicise resulted in significantly elevated CK, p
LD, aldolase, AST and ALT activitics, significantly higher Ictate, ures, creatinins, glucose, cors
tisol and ACTH concentrations, a higher ured-ti-creatinine ratic and aaion gap value comphred e
to halothamo exposurc. Treadmill cxcrcise alfo resilied in significuatly lower afbussin, sodivm; E
chloride, ‘itrganic phosphafc and- bicarbonate concentrations compared to halothaue exposure, A

@ No significant, differences wore. fouitd between the concentrations of total -protein, globuliu, po-
_— tagsium, magnesium-and calcium, osmolality and the albumin-to-globukin retio as the result of ha-
i Jothane exposure aiif treadmill exsrcise, The same résults were obisined after excludiny the
exercisod. S Plgs that survived the excrcse, except thit the differonce in sodium ¢oncentrations .
‘eas not sigaificant. Howevir, the magnesium concentration of the halothane exposed pigs was
Righer, then that ‘of the treadmill exercisell plgs (Appendix C, Tables C.1 and C.2)

P

Corparing $5 and SR pigs (Column’B, Table 5:1),:the two. types of. stress used coused-in S§
pigs sigaificantly lngher CK, LDH, aldolase, AST and ALT activifies, and higher concentrations
of lagtate, total pcmem, albughing sodium, pmssmm, magnesium, calcium, creatinine, inorganic
hosphate; bicarbouaty” and ACHH, I addition the osmolality was significantly Nigher, snd the
anion gap.greater mSS pigs than SR pigs. Stress also resulted dn & Kignificantly Jower. yrea con-
centration apd uren-to-crg:nn;nc ratio in S pigs, No signjficarit differences were recorded between
the S§ and §1 for globulin, glucose and cortisot concentrations, and albuntin-tosglobulin ratio
as a.zosult of thi stresses applied in this stady. In excluding the suriiving fresdmill excréiscd:§5




pigs, the same tesulis were fonnd, except that the differcnce in' bicarbomate concentrations between
., the SR and SS pigs was not significant (Tubles C.1 and C.2).

Table 5: The results of 24ay .anclyses of varianiée ari blood varigbles as influenced by stiess
procedure (Ar halothane. exposure vs treadmill exercise) and stress sensitivty (B: SR vs 55)

i Variabla “Stress Steess gonattivlty (B) AxB tN
. ) Baloc_ Sigoificance fovel | Fvalie _Sipnificaoce level | Fyaloe _ Significanco level
. 3 g 28T <0p01  ** Basz <0U00t ¢ i
LDH 12260 25625 <00l ** 19400 <0001 ** N
| Atdotase 438 { 1osie  <oooor o110 0746 NS 3
AST 2649 2% opoz s omm 4
; ALT 13887 &759  oos % 0056 08161 NS Y
i Lactate 175% 22 <ol 9835 opns
N Foral protein 084 09 01T e 0061 081 NS i
N  Albumin 459 Bes ogory  + 7334 0087 ™ #
\l  Giobulin 0,07 1957 0,2690. NS 1,969 01655 NS i:
H Ures [/ . 1303 00006 v 12821 00007+ b
1 Sodium 223 0949 <00001 ** 31253 <0l t v
K H Potassium 2,208 21941 <00001 342 00672 NS <
| Chloride e 3085 0ms4 NS 95T <0p0L -
H Magneglum 5% 1BI07 00005 % WA <0000 o
{ Catcium S007 W <0000T ¢ 3198 007 NS
' Creatinine 474 6,661 ooz 3926 005% NS
i Glucose B4 0T 03%z NS 0305 - 04877 NS
i inoiganic phos-. 10231 2293 <000t o5 0939 NS
{ hase :
| Bicarbosste | 114960  <oo1 " sM3 noue v 408 omd v
s Cottisol 200020 <0000 o8 0675 NS 6,851 0,011 .
. Acit Mo <ogor s ophs - 258 ouss NS
o . Urewereatinine | ‘19224 <0p00L %+ 7T <001 437 o8 ¢
d -
! Atbimalajglo- 03 - 0320 WS ofd - ogmt Ns | 757 omen e
bulin satio .
. Osmolaflty ~ ] 1948 01&M NS 2851 <0001 B <0000
Anion gap C499T8 <0000 38177 <00001  ** 1,288 02608 NS

Effects of hatothane exposure on blood variables of SS and SR piss

Table .3 shows the differences-in the concentrations of blood varisbles in.the.3) SR and 17 53
’ »pigs: Compared ty‘SR. pigs; the:SS pigs hid sipnificantly elevated activities of the enzyaies,CK,

ALDH, aldolase, AST-and ALT agfiviies, Tho:$S pigs lso,had significantly highor coucontrafions
- of Jactate; total. proteir, albumin; sodiym, potassium, chloridg; magnesium, calcium, creatining; ghis
.~ casc; inorgasic phosphate and AGTHL Plasma osmolality snd the erion gap after exposure to'ha-
. lothmwaahx;hermssprywanmmmnawuwlmmmnhmofmsswwas
v significantly lower, as was the 1res m.cmmw zalio, N6 signi!icant differéaces betwoen the
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Table 5.2: Mean valies and sindord deviations (sd) of the influence of stress procedure and stress
sensitiigy on blood

|

i

|

|

i groupswére found for globilin, urea and bicarbonate concontrations, nor in the albimin-to-globulia
: :

!

i

!

|

lV:hhk Halothans exposure | Treadmil exercisa SR pins 55 pigs
Mean ed | Mews wf n| Mean 50 | Mem s a >
| K o 2907 2283 47 13221 1713 9|67 09 40 |12341 14846 26
H LDH wn 119% kL 47197 162 1913037 273 40 (201 1327 2% b
: Alblsse TN [ 46 72 47| 14 79 19| 07 35 | 25 se A
1‘ AST. wn 46 16 4 kd 0 1B 46 13 o B =4 % N
H ALT o 50 “ 47 65 16 19 " A 61 ” 26
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" 523, Wifects of trendmill exerclse on hlood yariables of S5 and SR pigs

The diffetences in blood variables of SS and SR pigs after treadmill exerciss ate summarised in
, Tiblo 54 Corpared to swercised SR pigs, evercised SS pigs had significantly elevated CK, LDH,
aldolaso and AST activities, and clevated jnorgasiic phosphste and bicarbonate concerirations, The
cercised §§ pigs hod significantly lower wred chloride and miagnesium concentrations than did
+ exeivised SR pigs, and-a lower treasto-creatiuine ratio. No significaut differences wers found be-

;| tween SS aud:SR pigs for ALT activity, lactate;fotal proteis, albumin, globulin, sodiym, potassium, '
" calcium, creatinine, glucoss concentrations, osmolality, the anion gap o for the-albumin-to-globulin
rifio, In cigludic, "~ «rvivigg wroadmill SS pigs, Himilar resolts wére obiained, exespt that the

oo




S5 pigs that dicd as.a rosult of cxerciso had a hightr ALT activity, The differences in magaesium
and bicisbonate conceatrations between the SR and S$ pigs were not significant (Table C3).

Table 5.3 Mean valuss, siaddard deviations (m) And tevel of significance of blood variables diring

‘Halotharse upurwk as influenced by stress serisit

Vasiabie SR pin SSplgs Sigolficance kvel
; Men i o Mean st Y
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824, M of hnlothane exposive and treadmill exercise on blood variabies of SR m

The, elfm of halothne . expcsnu and tn:admlll éxerciée. on SR pigs are: nllnstmed i mﬂe 55,
Compared to balnthane exposure duced a sigaificant i CK, AST and ALT
ackivities: Bmusr. also resulted in a-highier lactate, -uiga, magoesinm, cmnmne, glucose; cortisol,

and:ACTH concentrations, breaxto-creolisine rtio, asion gup and asmol iy, Erercsed SR pigs
elso' had. sigeificantly lower inorganic phosphate and: bicarbonite. concenteations, No significant

differoncss weid found-tietween the tyo typesof stresses for the activities of LDH and aldolasey. .




‘between iconcentrations of total protein, albumin, globulin, sodium, potassium, chlomie and calcium,
and in the albuminito-globulin ratio.

Table Si4s Mean valtiss, standiard devialions (sd) and level of sigiificance of blood variables cfior
treadmill exercise as iifluenced by siréss semsitivity

Variable SR pig S i Sigalficance Jevel
Meam s A | Mean s P
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525, Comparison of halgthane exposure and treadmill exercise on blood varisbles of'S8 pigs

To Tuble 5.6 the differances of the efficts of exercise stress and halothans exposure. on §S pigs
#iro given. In comparison to halothane exposure, the exercised SS pigs had significantly raised CK,
LDH, AST and AL activitios, aid an increased anion gap. On the other hand, eworeise rehited
n sigoificantly lower poncentrations of albursia, sodium, chloride, magnesiam, calcinen and i
‘bonate, as- well a5 a lower nlbnmmo—gldmhn ratio and osmolality. Both the cortisol and ACTH \\
Were increased sif affer exereiss stress i ison to hslmlsme expo-
sce. Ja mmm the S8, pigs that surived the treadaill exescie, similar resuls wers obtained,




EX%

except that the differencés in the albtmin, magne-ine, calciumi and cortisol concentrations were
not s@.ﬁmm (Thble-C.4)

Tablo 5.5 Jhean v, standond deviaions (sd) and fev of stgificce of blood variabies from
R pigt as “influgnced by siress procedire
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5.3 Dlmssion .
Prviots, éxpetiments show that 3 common onsequénce of both Palofons and exexcise in S8 pigs
¢ developmedit of PSE pork “after duns. Datalias indicafed ‘that $8E33 caused by a mmuhmm
o giycnl)m he’fm!oc .xm deathy (M.rehm & Heltron; 193@, H m,{mdu tht mmnhhon

 The Tesults show, Towiéver; that in el exicising pigs bavd o d%kum ood variatle profile
than do pigs Mo athar, The & eadill oxie of wnciaed id& reslied n signlcanty




in the ssm vesulting in the Ikl of it camues nd hwler enzym amvuwa in tho soram,

" activities were sigoificantly hxg}wr Jo the stressed SS”pigs than
“the concentrationt and ratios ng.thu mherrvanables dotermine? Y3 fhis study. The excoplions to

more tissuo dardags b indicatsd by the clovated serum cnzymic activities {Tablo 5.1 (Colusan A)
ond '52). Lactocidosis was also increased in the exercised pigs, as was - blood glucose con-
centratior, ad & métabolic asidosis doveloped as wdicated by the lower, bicarbionate concentration
and farger #nion gap, The uted-to-creatinine ratio was also diminished, a5 were the concentrations

ofalbnmin and. sodivm, The"ostmolalitios, however, were similar:” ‘

Tible, 5,@ Mean values, stardard deviations (s} and level, of sipificance of blood variables from
re

SSp:y as influenced by siress procedus

Vllian N Halothane_exposure Treadmill cxercise. i
Mean. - ol i
EY IR 2
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15 addition, the data: confice tat the responu Of S8 pigs to siréss in geverl du@ szgnﬁc.mﬂy
from that of SR pigs (Tobles 51 (Column'BY and 52) (Micphell &, Hetiron, 1583), 4
it stressed SR pigs, as were

this general finding were that the wres concentration hd wreat6- croatiding “ratis’ werg lower i i
$S than SR, plpkandﬂxe globutia, obloride, glucose, cortisol cpncenirations, and nlhumm—' -globutia
mm were not s,nﬁcamly diffésent, 'Tho, resulls’ supgest that strest p:ucnpmus a  memibrane defect




.. ahas already boen supgestod-by Alen, Bercelt, Harding & Patierson (1970). Moreover, o shift
of fluid from the plisma to the inter and intracelldar spaces (total protein-and sodiunt increase;
andalso ‘osolulity) occirs, as was suggested by Borman,ef al, (1970), These changes bave besn

5 érised best in-the mny experinents in which pigs. Kave been exposod to. halothane, and

in general the Fesults:cosfirat previon.s data: On exposiog SS and SR pigs to halothane, an increase

» was,foynd in the activitlés ¢f the cazymes CK, LDH, aldolase, AST and AL as well 3.in con-

s " cohtrations of the variots instabolites and clectrolytes rosult. As suggested by Bormai eval, (1970),

the Gncreased values aro causéd by a shift of water ffomithe plasma to jiitza- and interéellular

fiaces, thus causing hasmnconcentration, My results support tkis idea. In my study both totat

. ‘protein conceatration-and. osmalality.incieased. This moveient of fluid is possibly the result

. ol' accumulation :of lactate jn-the muscles of the S pigs il ot ot 1976, Van der Hende ef
. 1976) and eonmqnmtly 2 higher tissue osmotality,

- . . .
i e bonism of fokd ShAY can account for.5:79% inceesse in the blood varlabls. However,
v v theenzyme activities, potassium, magriesium, calciym, lactate, cxéatinine, glucose, inorganic phos-
phato and ACTH sl increascd by mare than 79, The ircréase in the enzyme activitics, potassiim,
4%, inorganic phosphato, calcium and magnesium oan b attributi fo changes in csl! membrans per-

47 “meability catsed by halothane (Mitchell &-Heffron, 1982), whersas the incredse inglucase and
Tactate {onconteations roflegts the expected stimulation, in the iSS. pigs € glycolysls (Patterson &
o ‘Alles, 1973). An“elevation of ACTH levels can be espected during trss, although it has beon
found that SS pigs have a higher ACTH mmuamcvewmay are. not-sressed (Marple &
camns, 73

e bmxl{anate'mmnnamns of the S8 and SR plp wers not svgmﬁmﬂy dilferent “during,
Spalothane ékposure, and remaifod withinithe, nécinal range, indicifing that a state of metabolic
acidosis in"this” Ekpecimest was it reached,, oSl differs Srom wébults ni other-zssiments,
SS pigs bave been shiown o ddielop & metabolic'deidoss as a éiasequenco of exposyre to halothane
(Alien &’ al., 1970; Van der Hende et al: 176), Another firding in this study s that §S pigs

+ bad 5 lower inine ratio causer Ly an ifofease in oreatinine ion, ‘This finding
suggcsls that" duxing exposure o halothane /88 ply 'haie a.reduged ability to-séérete créatinine
into tubulay fiteate, T gonstal therefore, halothano expasuce of 55 pigs etimulates ahnerobic gly-
colysis, couses muscle: dnmm;s and hmmwonehnuanon, - N 1. '

o P s - :
Few experitents, hm asussed the =ﬂ'ccls of exercise.on blooil
study (Scbmidt mo) fmmd nu sigaificant difforoness i bwubor.m Tactato, gliscose and. corisol

*  conceittrations wp o0 minites after tréadmil eurqsd, althngh CK and.LDI (and nétubly

1 EDHG). aclivifizs were. sgaifcantly. bigher in the sorum of S8 Bigs: This s in accorddnce, Witk
=% (he results found in this exporimiént affer trédmill cmuu for the.same blood v;mbles. exopt

smuch, Nightt Tevel B m \mge

o e o ; NI K

- v thak tho §5 pign hash ¥ ighee bicacbonalé, concontration, than Sk, SR pgs. Altoigh treRimll -
- yoreise"wad expecwﬂ’m ¥ o mulle daage of. the unumd\plg, e rasuus Tndicate 2

. AST ncfies inthe S5, { sutpplsing finding, However, Was, l.lmt e Ml meent:.mm,
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of the § and SR pigs were ot significiitly diffefent, thus indicating the; same leveL of anserobic
gtyc"o:ym under these experimental cotditions. )¢, was-expzited that the SS pigs would havera

° greater mde.ncy fo aserobic glyonlysis under stresiful sitwations as suggested by Patterson &

¢ Allen (xm) mm a concotnitant development of lacfocidosis and a metsbolic. acidosls; especially

a8 was ghown that the S5 pigs have w larger perceatage white muscle fibrés an the SR pigs

(See Chapter ). In, myupcmcm it seems tiat fhe SR pigs deviloped & more significant metabolic
-akxosis than did S pigsrthe bicarbonate concentration of the SR pigs wos lower thah thit of
55, pigs. The arfbn gap of S, pigs was, Bowever, ndk sgnificantly diffrsi. to that of SS pigs.

%" This sosult is in cmirast to that.of Judge, Eikelenbobm, Zuidam & Sybosma (1973) who found
"+ lower-bicatbonate concontrations in § plms, but is shmilar 1o that of Schmidt (1980) Who found

y o S itk i Bi igns between SS and SR pigs after trondmill
L stress. n nddmon, no significant differenice in osmulality was found after exercise stress in this
i indicaling that o ion déveloped, In gacral therefore, the results sug-

gest-that the Jevel of exercise as used in this experifhent stimulated glycolysis and caused leakage
of mmcdhln enzymes-iato. the plasma. q
fhe %mougly sugyest therefore, that both hdnthm and expreise in gengral prodm:e similar
. . ehangss asd that the chianges produbed fre similar i both S§ and SR pigs. Moreoves, because
« the ‘post smortem characteristics of pock fom pigs which die-of mntwral § tess ot from expoiure
% to halothane are similar (Mitchell & Heffron, 1982), the idea that the d¥ess reaction induced
¥ by exercise-nnd hafothise is linked by & common causative mechanism (Kolezak &1 Lraelmg, 1986),
| seems (o bo supported,
A
'rhmdm, lwwem, sliow significant differences batween the effects of exercise and halothane ex-
posuie, In SR pngs, whén compared to halothane exposure, exercise causes more scvere tissue
‘damage, n mictabolic acidosis, secretion of ACTH and comsol, any) an increased plasma csmolality,
o ‘w{ In S5 pigs, In y,nm!, these changos’ ‘are meerbmd (mld 53 and 54),

In 8§ pigs exsrcisé results in ;@dy wreuter tissue damage a nicasured by“the activity of
AL and AST. Oa 16 otbes k' ., -abmochncentration is a feuture of BiGhire to halothane,

I b mot exercide, Jndeed, xieise resuled in sigalcandy Towe | blearbonate, chloride, mpgifun
- i albuudin which suggests that hnomoditution s & f exercise. Sodfsi

| wnn:a‘{u’wnu, lmwc'ver, was nct-affected by Sherciss, Thus; it {5 likely that albumis, mg;.mnm

deqcm i bicarbonate emwcnmhm: and the assoctitel mcr,ﬁﬂe in the anion gap which oec\ns

, 10 38 pigs diging erergise mgges«s thét they dovelop a severs, metabolic acidosks. As Jattate lm\
are similar i both halothans exposnre "and, m.ms;, Ly sicidosts of myc:k it cavsed by other -

o -acide, possibly, frec faty;acids and kmam “Tho ‘greator propensity to. metabifise fits has been

“demonstrated in S i by Wood etal (4977, s also wmpanhh ith"the;; I\ypu] s of

< "ond Vhlbrdo mové ot of the plasma safhek this Gy maring i3 the plesas, Ty adltion the-




B Anather sigaificant difference bobweea excrciss and halohane exposurc in'SS pigs is thit in orerciss
both ACTH and cottisol concentrations are higher than during exposure fo helottiane. Tho im-"
plicatons of this finding are fhat cither halothane depressés ACTH serétion and henee cortisol
setretion, or that exercise is a-more severs phyuohm stress than exposuce to. halothane. Othet

i,

artificial stimulation of secretion (Mndwl.l & Heffron, 1981a). Neven.heleu, must therefore e,
Woa conctuded-that exercise is @ greater physilogical stress than is exposure’ "to halothne,” bspnnal.ly
‘ in the fight of the highe CK, LY. f, aidiclaso and AST activiios and higher lackate, area, creatinine, .
cortisol and ACTH concentraticns; and greater wres to creatinine ratio andamongnp, vmhlmv:r S &

chioride and bicathonale wnoentrahnns(’l'hbles 51 and 5.2). q v
o2 [P S )

B The idea that exercisc and Halothane induced stress may ditfer, ‘as indicated’by the significant ‘
ay interactions (Colums AxB, Table 5.1), is not iew. For example, Gregory & wmm (1984) showed K
B that Carazolol, u Badrenergic receptor anugnnm could not provent halottiane md\loed lactaci- 4
dackia while It did reduce gencration "6f ‘lactate in pigs exposed to mormal managsment stress F
L (Warris & Lister, 1982), This finding, When taken with othef cxperiments which liive assessed [ E Y
the affects of injocted catecholautines (Mitchell g Heffron, 1982) indicato that activation of &
p-adrencrgic receptor is important in the generation of exercise iniduced m'css? while in halothane o
lnducuimmlhumlnxsmpomnl mmmehmmmnemﬂn\mbewmm

der Flonde e ok (1975) ind Gregory & ‘Wikin (1984) hivo, shov that whé 5 ples wieré exposed

P to nmml stressm before being exposed to halodur.e, Q.he pngx rescted moro vmlcnuy to Imlmhm

) §4." Conehision ~

The data shows that i btk exercise and hal el s@ymﬂysm s sinaulatod, Hmvcr,

% ewsrcise indilced stress diffets from hnlot} mawi'sum in liat there s iore sevore musdle
damagemdwteruuemno!ACr}lQndcumwl Bmm‘awwdsévurcmusdedamlgé,

and inoreased ‘plasma. Ssmdlality comparéd

. tohdmhmupwmﬂmcchnmnwmulmf *ssmbumnm:wotypmmm;'
pmeedmes, but the difforsiicés wore, mmmd e exposure of 55 sigto ‘the ‘Stresfors,
b m mﬁ’ mmmu the x!u, mmfm, um althwgh both msse.s mdnae glyoolysm, and that boﬁl




: - CHAPTER 6

‘&[’he eﬂ'ect of stress on varfous muscle metabolites of

pigs

6.1, Introduction
In Chapter 3 differenceg, between the two hords X and Y were observed regarding the various
muscle. métabolites. As has been. indicated fu Chapter 3, it is assumed that the differences i
the various mauscle metabolites which resulted at 13 weeks of age occurred as a result of the
differénce in the level of perceived stress by the pigs from the different herds, and wovld not
occar atl21 weeks of age 2s a result of the pigs being used to human aod personael involyement,
The results messured . 21 weeks after halothare exposute or treadmill exercise therefore are
the cofsequence of thc stibss proceduro and not as a, result of herd difforences,

The mdmop ofm pork has sovere. negaﬂve economic lmphcanons (Hn!l, mz) Asa resilt
17,0f these, ecqnome. Implications, nck rescarch bas been dono to try and proveot e production

of PSE pork (Gar-ags e al, 1975). It hasbeon und that pifs sufferog rom PSS produce PSR

" pork (Webb ef s 192). Thest pigs ate dmﬂm,(m:d by denth as & result ‘of nawral sressos <

uw-h as transport, servicing ect, during which hyperthermia develops. It was, howcvex,
' b found that some pigs expowd to the gaseous. m.aeachwc halotliane, would develop the some
charactegistics, and viould als, roduce PSR meat. P@\!et\cung te tho halothane were classificd
amauﬂermg from MHS (Mitd & Heifron, 1982). Mor\:\qm. 28, both these syndromes résultod
in'ESE meat, end showed,the sadfo charatteritics (Bikelonbom & Sybesta, 1963, he expasure
«of pigs to Balothans, th so-called halothane-test, was muodum(m Jdentity S8 pigs (Bikeloaboor, ,
,Miskem & Sybestne, 1978a), tos MHS pigs, and SR pigs. A3’ it was segogalsed. that the PSE
meat rsulting from PSS or MIHS pigs wer the result of snmﬂanf giseogenolysts and lactic
agjd production (Gegory, 1981 Hell ef al,, mm)m was Suggests m&gss and MES arg similar
smmmmmmﬂmmmmmpmmm yepathy (Casbens et al, 1975;
Sybesma & Eikdaubmm,d.v‘@‘ Harrison, 1972). This assumption bas a5 to ye&,no: beey amblishad
nne;\nvoully (Ahem. ﬁen. Wilson, gx McLoughlin; 1979; Pafters; & Allen, 1972).
TR \ )
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As a résult of the jntroduction of the halothane tess; the incidence of PSE. por: has declined
(Viogol, Schwbger, Kithtie & Wysshaar, 1088}, However, the question stll exisis whiether the MHS
and PSS syadromes are i fact synonymous, The results in Chaptor 5, o the ‘blood profiles of
58 and SR pigs exposed to halothianc or treadmill exsreise show that glycolysls and glycogenolysis
e stimufated, but probably by different mechanisms. Much rescarch hus also been done on the
effect of halothane exposure on S8 and SR pigs, but relatively few on tho effect of physical stress
‘on the S5 nd SR pigs. This stdy was dons in an effort to- detormine whether'the exposure of
55 aue SRipigs to helothane of droecsp stres Wold result i simlacis or difforeas.in varions
muscle metabolités.

“The resils v soslysed. secording to o llovog:

*the influcnce of stross procedurs and stross sensitivity on the muscle metabolites
of all the pigs ’
*ibo influcnce of halothane exposure on SR aid §S pigs -
. *the afluence of treadmill exercise o SR and’SS pigs *
*the inffuence of halothane exposure and ireadnsil eserciss oal SR pigs
e influonce of halothane exposure and treadmil exercise on §§ pigs.

ER

62 Rmifs“ ) . w5

‘metabolites of plgs D

The results: )the 2-way analyses of variance 0n the. muscle ‘metabolites of al pigs are given in
* rable 6,1. The main. factors in'the analysis of varianes were stress. proédure (halothans. exposure

" or treadmill masc) and stress sensitivity (SR of 8S), The mean values an stiown in Tkble 6.2.
S,

Amlysis of the :ﬁeu of halqthane exposure atid mndmll exercise shuwed um there were no
slguﬁcam differepces in the muscle tactatis, ATE ﬂnw prosphue and phasphocrestins con-
centrations {Cotumn A, Tible 6 1). The glucose concentrition of.the mustle from troddmill exe.~
"cised pigs was,, howéver, significantly fighes, and the glycogon concentration significantly lower
fhen the respegtive. colicentrations-in the halothane exppsed pigs. Adter excluding the data’of $§
pigs that survived exercise, the same Tesults s récorded, with the sinplé differihoe that the
ATP cpmnmuon of tl, pigy that died aher siorcise i significanily lowe? than that of the
i ui;med Digs (App»nd»: A, Tnb!e D1 Colnmn A wo-

‘% The mmu of tiis ccmpmsm of 5 xesponse of all SR and SS-plgs todtiress (l\nlq’duna exposice
nnd mmm ‘ierdise mb...ea), indicate um’ 8 i ‘bad, siépiﬂmuyglygher uum, glicase




6-phosphate and glticose concentrations than did SR pigs, end signicantly lower ATP, phospho-

maﬁne and glycogen lovels than did SR pigs (Column n, Thble 6.1).

Tuble. 6 The results of 2way analyses of veriance on muscle. metabolites as'influenced by
p’mﬂ!

{A: halothane exposure vé treadmill exercisc) and stress. susceptibility (B: SR v ss)

Varighio “Strest procedure (A) Stress scnsiivlty (B) :
. F value __Significance fovel | F value _ Significance level” | P valuo Sm\lﬁuxlm lml

Lactate 0666 04211 NS ELRIUR T 5294 a8

ATy 247 ogmS NS 2412 <ot 605 omes ¢
Glodose Gphosphale] 02 0472 NS WpEE <0001 ** id4  omiz NS
‘Phasphocrcatine 184 DI NS W1 <ogom  * 454 oo *
Ghigose : TN <0001 > 6136 ané . - 4T 00438 -
Giyeogen TEWE sOMm e I8 006 U5 _-0asy NS

Tuble 62 Mean vl es and standlrd deviations (5d) vf musele melabolites a5 inflaenced by sirfs
and stres. usceplibility

LGtyeogen - ol gheosy visly muscle

Gtyogen, 256 »
Lactate, ATP, glucsin 6-phosphat | phosphoereating and plocsst - wagi s

Higlolhane expaswre | ‘Treadphil] sxcrelse SR pigs S pigs
Mean & L3 Meon 54 " &d 13 Mean st A

2040 1218 47 8% 19 g2 T4 40 B8 9% . 2%

a4 157 41 s 13 1 [ ss 1y ow 347, 129° 26

23 23 @ b I 1] I VR I

sa 4% 41 [ ag0. 3@ W | @ 4% 40 oF R i %

Giocose ¢ |~095 080 47 18 ey B ) 149 G5 %6
14946 M 47 3419 1117 19, 13881 - 837 26

m(';hbleﬁ.:! Comparcdwskp@,SS gk hivd

Table. 63 Mean values, stindard deviations (sd} and evel. of vrlg)
nalatlmne exposed pigs as nﬁnunrd by streiy mmu‘w.y

umn . SR pigs
N e Mesa i - 3 ”
Laciagy BO 62 ®
AT s nt-o%
Glicose G-phospijte 1w 135 0
Pnosptiognsatine 7T U
Glucoke on, 837 30
S386- 1658 30 am

- ol

Gijrogod
Lactate, ATP, giyeoss ‘S-phisphate, phisphoreatins and. dunue mn; mvcle
lf nits/: muscle N




5 : - g 8L N

B | snd gucose copoentrations, mud siai tower. ATE, featine gnd gljoogen. concen .
. rations. These reslts confirin the results obtzined in snalysis 621, above.

623, Effect of,treadmill exereise on muscin of SR sl §S ples

Tuble 6.4 sumntarises the differsnces found in mscle metabolites of SR and SS pigs atter treadmill
exercise, S§' pigs. hed significaiitly-higher lactate and glucoss 6-phosphate concentrations than the
S i SR Pigs. However; no.signiicitée differences in th ions of muscle ATB, phosphotreatine, R
IS ghucose ad’ g)yrs;nwmvrmd between SR and SS-pigs (Tuble 6.4). S pigs that died after ed
ise.Jad a sigrificasitly Highet lactate ion, glacose 6-phosphite concentration, and L
a sigaificantly s glyooen concsatration than those '8 the SR pigs (Tible D). .

ble; e Mean vales, Handard deviations (sd) and level of significance of muscle metabolites of
tmndvmll md.wd Pigs as influenced by stress sensitlvity

. Vasiable, . - - SR plgs - SS. pigs Significance vl
=i st “Mean 5, o Mega =
Lactste: 1630 ™ 10 86 % n,nzw M
atr W e 3B . 10 658 NS ;
e Glucose Sghosphate iiss 1w e 307 167 [ N
4 Phosphocreating, &7 459 1 230 1% DI NS
Y Glusess : 186 263 ® 118 058 L
der R Glregen | © R 1/ T . ) LTI 017 NS
" »; Lactite, AT giscose 6-phasphate; phosphocseatins: sl Bleosé 5 ovg muscle o
o H « La,hém« mnnl Eiycosst unuvg smosdle P
v x -

2 Wistéted i Table
eadeill exercise msnll.d,m sxgmfmtl Aug}mr gln(xm,vbnt Tower %2'; gjlngcn qon-
. + contrations whea omnpamd s, %e albans gxposqd SR pigs. The, d:ﬁe} cos kmmd in lactate;

Tj e di Mcun vahAu, Mn
fiom SR pigs a m]hmlced by §
(el

mMjl‘phupm
Phocphodleatine.

Glooss . -
Glyéogen .




. : glnms-phmphmzndpdmphomannem&csnp@uareudtonhnwntypescimssu
were not sigiificant.

625, The infinence of halothaue exposyre uhﬂ n'udmﬂl exercise on muscle mehlmlltu of 8§

The resuits of the effects of the halothane expr}‘;m and treadmill exercise on S pigs are given
. Thhlz 6.6, No significant differences were fmmd in mny o of, the muscie metabolites determined
mlhnsexpenmmasnmsxdtonheupowremss <pigs luthetwoddl'crenltype.s of stresses,
slthough the S pigs that died as a result of tréadrill exércise had a significantly lower, glyebgen
conceniration haa did the S5 balohans exposed i (Tble D).

> w, - ~Tubls 6.6: Mean values,” ssondard devidions (m) and level of signi ﬁcanu of muscle metabolites
. Jrom $ pigl as influenced by stress. procedu
[y P p——, Ererdee erpasmre - Sigaificaris lovel
“ [ 5 Mean w o .
Lactete " T S ECRET] B S,
ate EE I a9 om16 NS
Guoeso Gphosptiste | 405 oz 0w | de D dm e oz s
aee 5, | eHbephoscerse T4 131 7 2,30. 1wt e 00Ms NS
Glicose 13 o8, 37 | 4T 098 9 0210 'Ns. |
a Y Glycogen Ayl 1455 17, 3302 1 3 0682 NS
e [Labut, ATF, gocos G phocphae, posphoen, + 4 gles - imollg muade

5 |copone sl geost ity st L 3

@ "

63. Discugsion

°% It bas been,showmin. provious,ehpedments that the exposire of S§pigs to halothane or exercise
resolts in the development of PSE meat (Schmidt, 1983 Mithsll & Heffron, 19816). This de-
+, velopment of the PSE uneat has been thought to be & consequence of the stiviulation of glycolysis

. ‘miusle giyeogsn, ATP and phosphocreatine, but bigh \cvels™of Incthie (Lahuky, Fieshix & Au:
Wy gnmw,m) Thie low pH valus of the miscl alter doath or shughm, at a tmp whe, e, darcase
\m of va:;owamilxm!cmﬁ& ‘gvig v = to, the pale

Juit prior to; or.afier death of slivghter inewhich g pmaumg:l’sa ‘meat have. fow Tovels of

- eoloin’ 6 the ;ﬂqm e amnm pm{em.\ [ch;a ot ol! ﬂze:r Sater bin mg capialy, which
le, cefl,

AT

<




g.y e:qmed 1o halothans, “suggesting that exerciso i

metabolic’changos in. suscle: of oxercisod or balothane éxposed pigs arc similar, Measurements
of bidod ve-ables séem to indicata that this might mot bo the case (Chapter 5).

The results suggest that both hulothats exposure and excreiso stimulate glycogenolysis and glycalysis
in musele of pigs. The cvidence for this is that muscle glyeogen and ATP concontrations after
halothan crposurc ard éxcrcise at 21 wesks of age was lower than uuder barbitusate snacsthesia
at 13 Wooks of age, while glucose and lactate concentrations were bigher (See Tables 62 and
38).

The results show, however, that the degres of stimwlation in pigs exgosed to halothans or excrcise
is different, The muscle concentration of glucoss was bigher aitef exercise than after halothané
exposure, whils the concentration of ATP and glycogen were lowsr, This result sbiggests that cxercise
is' more glycogenolytic and wofe anaerobic than is exposure 46 halothane. These conclusions are
based " on analysis of xuscle samplés taken from both $S and”S pigs. As SS pigs are known
0 be more annercbic than SR pigs under stress (Mitchell & Heffron, 1982) the ‘data may be
reflecting & difference in type of pig rather than type of stress. When the response of SS and
SR pigs to tach of fhe stréssors were éompared, & was found that in geaeral SS pigs bad higher
muscle Tactate, ghicose 6-phosphats and glucose, and Jower AT phosphocreatine aud glycogen
‘which confirms previous work (Lahucky ef al, 1982 M * & Heffron, 1982). Thes data indicate:
that S8 pigs show. greater stimulation of glycogenoly ‘gigeolysis than do SR pigs, a finding
supported by Hall & Lucke (1983), and that their mets it is.snore enaerobic under conditions
of stress, Unider halothane exposuro it has been caloulated that the heat produced as & result
of malignant in in S pigs is of a shift of nié Lowards anaerobic
metabolism to an éxtant of approvimatoly 70% (Nifladiet af, 1936). Malignant hyperthermia in
S5 pigs a5 a result of halothane exposure is known to te s blodd flow in the muscles, to which
the muscles respoud by shifing to a more anserobio metipolism (Hall, Lucke, Orchard, Lovel
& Lister, 1982). In general it has been shown that SSH ‘pigs, }me 5 lower acrobic capacity than
do SR pigs (men Gustavsson & Lindholm, 1984).

“ L
When the effects of stress on SR pig muscle metabolites weré assessed, hmver, we found that
exvreisd SR pigs had fower phosphiocreating, ATP: nnd lycogen, and Higher glucose than SR
fi SR pigs Stimulatés glytogenolysis, inhibits
glyedlysis and prodiices anaiobic tetaboliswi. This rosult iipliés that the metabbic responise to
dorcisp Y- SKE pigs I ifferént 13 vhe mistabolic responss to halotbane, -

\

- of G5 I, to Halothane and evercise stress, Bo significuit differences

*a)m Foutd i il metubilites,” Howves; the difa. strongly supgests thit during exscish SS

i are Liss, nmerhbu: andl idre- glycogienclytic thun 8§51 plsﬁ exposed to ‘halothane. The evideiice
for ‘thig i that moked 88 pis have Iower-lactate o,0562), lower dlyeogen (B 0,0682) and
bighor phiosphoctéatin, (P 00747 congeitrations THan do plg& =kpos€d to mmm, although
thesé differences do mot reuh.uufﬁsucal\ . Micance.




This conclusion s supported if the changes in SS pigs dusing halothane expobire and trcadmill
exercise are .compared to changes in SR pigs. During exercise SS pigs develop a higher lactate
and higher ghicose 6-phosphate concentration than do SR pigs. During halothane esposurc 8§
pigs dewp. a bigher lectate, ghicose S-phosphate and glucose and Tower ATE, phosphocreatine
and glycogén cdaceritrations, This comparison indicates thit exercise produces & less severe stimux
Iation of anactobic metabolism in S$ pigs.

The restilts in general, therefore, indicate several differences between the effects of halothane ex-
posure aud treadmill exetcise. The indication that the effects of exercisa stress and exposure to
halothane are different, is borne ont by the siguificant interactions (Coluwn AxB, Tuble 6.1). T
saime’ indication has been found in the varions blood variables of hulothane exposed and treadmill
oxorcised SK and SS pigs (Chaptor 5). This finding is supposted by Gregory & Wilkins (1984)
who' have shown that Carazolol, a f-adrenergic receptor antagonist could mot prevent halothane
induced lactacidacia, and Warris & Lister (1982) who showed that it reduced the generstion
‘of lactate in pigs eposed to normal management stress, and thus prevented PSE muscle. It appéars,
therefore, that the activation of an a-adrensrgic receptor is important in halothane induced stress,
s P-adrenegic receptor is important in exercise induced stress.

Thus it would seem that the different metabolic responses to halothane exposure and treadmill
exercise induced stress may bs a consequence of different mechanisms of activation. These mech-
anistns result in the activation of glycogenolysis and induction of anaerobic metabolism of varying
degrees. It nevertheless follows thet the two mechanisms may be synergistic. Indeed, as Van der
Hende ef al. (1976) and Gregary & Wilkins (1984) have shown, $S pigs exposed fo natural stresses
like éxercise prior to balothahe expostire, renct more violontly on subdzquent halothane exposure
than SS ‘pigs not exposed to the natural stress prior to halothane exposure.

64, Conclusion

Halothane exposure and treadmill exercisé result in thy stimulation of glycogeaolysis and glycolysis,
which is more severe in the SS pigs than the SR pigs. This Jeads to a higher acemmmwlation of
lacta i tho s ofth S5 pign, and coasoquont low pHL saus, and therefrs the formaticn
of PSE musculature,

Compared to SR pigs, S5 pigs responded to halothane exposure in a dramatic way, with 2 severe
stisnulation of glycogenolysis and glycolysis, and with fatal consquence, Ot exposurs to troaduill
exescise, tho SR and SS_ pigs vesponded tr a very imilar woy to the stress as miasuted by muscls

motabolités, and the stress was sovere ciough to rosult in tho'death F same of the 3 pigs. How-

‘ver, the sosuls show that the elothane erposurs reésulted in 2 more. severs anderabi metabolism

"t mc‘}\m of 659 pign Tius,athovgh ot elofhane éxpasut i readrnl exereie resuled
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7.1, Introduction -

o From the results o the blood variables (Chapter 5), bv specially the muscle metabolites (Chapter
), it is cloar that during stresstul sitiations such o5 during halothane exposure, the SY pigs have
v a higher rate’ of muscle glycolysis and glycogenolysis, It has also been shown that SS pig muscle
. has a higher giycogenolyss rate than SR pig muscle ia tho white muscle bres (Essén-Gustovsson
k & Lindholm, 1984). Although Heffrou e al. (1982) wore unablo to find any dilforences in the
M. longissiniits dorsi muscle fibee typo ratios betwees S and SR pigs, Saic’ et al. (1972) found
s the 85 pigs to have » bighor white, aud lower red muscle fibre percentages compaed to SR pigs,
o and would therefore be mete inclinidl to anacrobid metabolism, which would bo compatible with
the results obtpined for the blocd variables (Chaptet.5) and muscle metabulites (Chapter 6). Thus,
it'was decided to investigas the muscle fibre ratios-in the M. semitendinatus of the South African
Landrace gl uied in this study; n an eHort to ghi+moro knovledge regarding the musdi Gbre
mposlunn of these pigs,

The rewhs of the mmis fibeo type characterk ation &em analysed as follows:

¢ *2way analysi of variance for the factars sivess sensitivity and herd
* influesice of siress muv.ty on tho characietisation of muscle fibres fype from
pigs okboid X
*influence. of stress sa”ﬂsmvnty on the characterisation of muscls fibres type. from
. pigs-of-herd ¥ .
ifleence of herd op. the, -.lsclo ﬁlire lype chamctensmon of SRpigs
= Hinflubnce of l\erd on lhe rouscle fbxe type dmruc'kcnsahun ol S8 pigs.




72 Results  ~ -

"The resultd of the 2-way analyset of variance with the factors diress seislity and deed'aré given
in Table 72, with tho moans and standard deviations in Table 72, The'SS pigs Bad Jotver poc-
cmtages 7ed end intermediate micle Ebu.;, but a higher percentage white muscic fibres than
the SR’ pigs. The pigs from herd ¥ Kad a highek pmenhge red, but-a lower percéiage percentage
intermédiate muscle HSfes than the pigs from herd X, althongh the percr,nhge white muacle fibres
wero similar for 6" pigs of the tio Jerds,

Tabll 7.1: The resuls of 2-sap:analyses of varidnce on the muscle fibve type percentages of pigs
as influenced by stress senstiiy and herd

[Variabte. [_Stress susecptibilty (A) Hecd (B) A
T vplus  Signifiesnc iovel | F value_Significance feve | F value _ Signifianco fevet
Muscle fibre % N
i s copm (SR P G
| 1ncermediate 279M <oz 1B 0006 035 0SBS NS
white 6956 <0000 < 00 4457 opso- " ¢
g ,

Tuble 7.2 Mean values nnd standard deviations (5d) of plg muscle flbre Ay')e percentages' a: influenced
by stress sensitivity and he .

Vadabls o SR plps. S8 pigs Hexd X Herd Y.

Mo s’ n [Mesn 58w [Mem, sa - p Mo s g
Musclo fie 9o A . | T
e 8 3m W 5B 2%.2% |83 3@ 4 291 718
Jiermctiae (2645 327 B jus 3w % |sn 3w 4 20 1
whits S255 4% %9 | ;37 as 26 |sses  ser a7 1. |

2. Dilfevences b miiscle Bwé type percentages of SR and S5 pigs from herd X

°s . i ) “ A - ‘Q

The restits aro shown in Tible 73. The 8 pigs from herd X kad lower percentages red and
mtcm,dme muscln fibres but & bighar whils musckf fibre percentags tlnu lhe SR ﬁp :

ﬁhhs ihanthe SR pigs ('l‘ah]e e

s

igs Bad o lawer percsntage red and m\knmedhl;’mnscln e, ot Sighor persnigs
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Table 7.4: Mean vmuei, standard d). fations’ (54) and lovel of significanct)’of mlm:lc fitre gpe
percentages fiom pigs afhad Y axmﬂumzd by stress sensitivity




, #eon, 5, aid SR pure bred Landfice pigs. Tho difference in the findings botween the different

"-dho o b, those it

. v
“Tuble 7.6: Mean valuss,., mdard devigtions. ). aad Tevel of .vgniﬁcmwe of muscle ﬁlm pe s |
pma’rage: of SSplgs 25 jnfluenced by fieid PN
Vasiable {Hérd & sl s Merd ¥ . Sigalficanco Jevel = ,}

N Mo 6@\ n . |" Méan, od L XS .
Muscts Gios % o A N {
et s ” 4580 ‘ugér NS
Fintormediate ™ = v s tooes e
 [otits” S 6Li 1 %) 2059 NS

l‘huu-asion N N 9

The fower pmunuge red and:intermediate muscle rbms md h.gncr perceatage white mnsc!e
fibres Jound i the §S pigs compared:to the SR pigs, may inllaence the response. of 5§ pigs to
stressfol situations such es treadmill exsreise and halothane exposire. The S8 'pigs, because of
the ‘high percentage ‘whité muscle fibres bave # lower capacity for actabic metabofism (Srir ef o
at, 3972 Nelon ¢ al, 1974), yaich is supported by the resuls of sy study. This undoubtably
conn’bnwlo the lughnr/uc 8 fiyeolysis found in’SS pigk as measufed by the drop in pH value
,(Chiipter 4).  Cooper ef al. (1969) attéibutéd the usponse of SS pigs

e
€6 mmoxiasto the hightr peréentae-of intermiediate, and lower percentage ‘red i ele fibrog they TN
found-in the M, fongissimus dorsi, ‘Hiéwever, in 1y study, it was found that the S§ pigs had'con- 3]

sitontly a lowér percontags intermetate musce fbecs thn the SR pgs. The roshlt of a higher
Whito smicle fibre percentage andJower red miscls fbee percontage is similas th the fadings o
of Saif et b (1972) and Nelson ef a (1974), . On the other hand, Swatland & Cassens (1973) .
fouhd a higher percentage Fitermediate auscle fibres in S§ pigs, although Heffron et af,’ (1932)
were vabls to moasure any differonces in the muscle: fibro ratios in the M. longlssimus dors bes

studies 114y bo the result of e wuse of. difforent meséfes and pig,broeds (S5 Poland China and

SR Chster White pigs, and M. ongissimuis’ st by Siir ef ol 10723 various breeds (Yorkshicd, .
Bampshire, Durtc, Poland China and cross bred pigs, as
Casseus, 1973; M. longissimus dorsi by Netwon of aky 1974). - Nevertholess; Gallant (1980) found
16 differences da the percentage muscle fbre composition wsing, M. :mn‘laldmb.ru.v and M. fon
‘sissimuts dorsi, gnd ‘sigded therefore. that the poss“nle dlffercnms in muscle b composidon be-

Althn\agh dxffewm the red and mtmnechaw mumn ﬁt'ms  were tounn between. the jles from
: pércentegh red «nd mtmrzdme s 92 hm‘es but

Tﬁesa dlffl:mnms Vebween:th twe}lrxds were also fownd,

mscle l'bra ph!cﬂnta@es ost and 88 pugs.
w



In none of the. two analyses did the percontage white mvuscle Sbres differ between thie e erds;

The réd audfor intermediate muscle fibres, however, diffa ared sxgmﬁcandy ini the SR and, 58 g\‘oup&

bﬂvmlﬁewehexd&

In both the herds, the SS pigs had the lower percentage red and intermediste musele. fibres, but
the higher percontags of white muscls fibres, which Is in agtecment with the work of Sair #f ol
(1972) ‘and Nelso et . (1974).. Thidso differences in my rosults of the poccentages of the different
suscle, fikfeS viere: in goneralconsistont over the two hérds, * Theeé differences could thereforo
possibly be tsed for the idedtification of $5.and SR pigs Ja the South African Landracs reed.
Howover, this must s5ll be established whether it holds irug for the pig at a young age. r{we:-
thiless, This method is labour intensive and oxpensive, aud might not bo practical for breoding
selection piposes.

7.4 _Conclusion o i

The M, :anmmzmo.m of the S8 pigs have a highor porcentags white mugsle fibres, and Towes
pecoentuge of red and inteimmediate muscls bres. These differeaces may contribute to tho Wigher
rate of glycolysis found in the S Pigs as mssures by the lofr post merter: pH levels reachied
0 minites posr siortetn compared to that of the SR mgs‘ The d:flcmwes between the’SS. and
SR pigs were rehnvely constant over flic two herds. and :nay lhere[of: e impertant in the xduu-
:smm of 8 aid SR pigs, upcunlly for expesiniental purposes,
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8.1, _Introdirction

The tersi “malignant hyperthermia® indicateg that a high temperatire s osie of the consequences
of the syntirome; und therefore temperature is uf importance in the study of the porcine stress
syndromés. ‘The, primary site of this heat production is the skeletal muscles (Britt & Kalow, 1970)
uadl this vise ¥ body temperature i one of the carly sigas of malignant hyperthermia (Licke ef
al., 1976)./This sustained risc in temperature up to as high as 45°C, increasing at a rate of 1°C
every 7 miniutes (Hazrison ef al; 1969). Howover, this rise in temperature is only recorded late
in the event of maligaant hyperthermia, even'6: minutes after exposing an 5 pig o “balothane
(Harrison ¢t 4., 1965), After 2’5 minte treadmill exegeise, 8§ pigs have also hegn folind to have
hlglmr rcchl fompioratures- 5 to 10 minutes after the exercise, and it would therefore seem that
the reetal tempiératures - shmvn by 5 pigs relative to the SR pigs, might be- similad whether 25 -
a result of treadumill musc or halothane exposure, To test this assamptios, this experiment was
condncted. and th tesnits ‘hbtained in this experiment are :eponed here.

Tha dats on the rectl temperatuos were nnnlyud 2 follows: N .

‘mﬂnemofmcsspmwdnmandmmm ty

*influence of stréss: snnmmly on rectal temperatytes of pngs dlmng hilodmn:

expostre
*inflhoncs of stress Sensitivity o restal. teduperatures of pigs diving trndm:ll
BXRAGCise .
" ®infltends of dress procstiurs on actal temi}mmm SR g O
__ *inifitnoo of stress procodure-on vectal températures of S8 pigs.
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8.2, Results

& sfutare of plgs

821, ‘The, I.nl'lng!t.!‘ of halothane oxposure, treadniill exercise and stress sensitivity on rectal

“The sesulis of this anelyss are ilustrated in Tebles 81 and 8.2, The two types of stress procsdures
resulted in significantly differcat rootal tessperature sospomses of the pigs. The halothane exposure
of tho pigs resulted in lower mean temperatures than did the treadmill exercise from 90 to 630
seconds after initiation of the siross procedure, The temperatises, bhowever, Wero similar 660 and
690 seconds after iuitiation of the stress procedure (Column 4, Tabls 8.1).

The halothane exposure and treaduwill exercise did not result in any significant differences in the
vectal temperatires betweed the SR and S§ plgs (Colamn B, Tuble 8.1). All interactions were

also not significant.

822, ‘The response Jr vectal

of SR apd 8S pigs o exposure to halothune

The results are given in Tble 83, No siguificant differences were found betweon the vectal tom

ghratures of SR and S$ pigs on exposwee to Balothane:

Table 8.0: Results of 2way anglyses of variance on rectal temperatures of pigs as Influenced by

siress procedure (A: halorhane expostire
frony' 90 to.69D seconds ufter initialing the stress pracedure

v treadniil vercise) and siress sensidivily (B: SR vs SS)

j
4

[Time Stress sendltuity (B) )
(sec) Siguificance Jevel | F value _ Sigifieancy ove)
o bz NS oS o3 NS
120 a5 NS o0 ams NS
150 amer ws as oM N
180 0785 NS 0g07 ugsee NS
2 [ s aEn W
240, neua NS ] . 000 - 0% Ns
s o5 NS o oFmz NS
0 03589 NS o1 om0 NS
%0 LIS o oE N
0 03526 NS a5 ofws NS
0 S NS 0,605 wASA NS

L 04254 NS 0914 b3 NS
“aso oz NS NS
80 21563 NS Ng
510 a5 NS NS
“540 41562 NS N§
sm 03815 NS T
800, ofiss NS N
LU NS
009t | NS NS




Table 82: Means and. standard deviations (3] of rectal mmperamm o] pigs as influenced by
exposure, veadmill exercise apd. r,éu sensitivity from. 90 w0 690 ucamg afer initiating
0. stress provedure

Tiie. Falothynb_exposuze. Treadm™ ereise. SR pig S8 pigs

(o) [ Mesn - sl m i Men Ty Mm. n n_ | Mem sd  n
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m. |t 0w 1 [ mz - e~ S U "‘qm n [mm 0% n
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823, The vespomse in yects) m‘nm of SR and §S Dips on_exposiire fo treadmill exercise

The resuls ar lstrated in Tible 4. As was foid dacag the exposure o to pgs to haotbane,
the exposure of the pigs to readmill axercise res)msd in o slynﬁuﬂx differences in the rectal
km;mamns of SR und §8 pigs. R

Thg résgonse fn rectal temperatures of SR
‘treddmill_exereiso

:nm results of the' analysis e wm\ in Tab!c &5, ln feneral,. the rectal tempemhtrea of lhe SR
» pigs dnﬁng,ﬁxum] exetise vers higher than those. of the SR pigs ducing the halofhane, expasure;

‘Vu significant s hr/wmr, were found bcqween r!m rectal mmp%mlures of SR Pigs as
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Tblé 8.3 Mea values, staridard deviations (sdf and level of significance of rectal temperatures of
haolfane - ipésed pig s inflienced by stess sensiviy
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825 ‘The response In rectal femperaiures of 83 pigs &3 a result of exposure to hfothane &
posure ov treadinill exercise

The ‘résults are & own in Table 86. The rectal temperatures of the SS pigs were higher during

treadeill ¢xescisr fian doring halothans exposure.between 120 and 300 seconds sfter initiation

of the stress procedyre. Before 120 secondess, aad after 300 seconds, the rectal temperatures be-

tween the S§ pigs were similar for the other time periods. -

82, Correlation between the thug of erasyre to the stress of euch of the different animol
stress sensitivity erpes

Lincar regression equations were calcutafed for each of the stress sensitivity groups regarding ha-
Iothane exposure and treadmill exercise. With these .equstions it was determined that the tem-
porature would be after 5 and 10 minutes after initiating the stress procedure; as well as the
fime it would take to intrease the véctal temperature. by 1°C. These, values are given in. Table
838, The lincar regrossion. equation was als¢ determined for each individual pig during {readamill
exercise and/or halothane exposure, and the tine required to saisr rectal temperature 1°C under
these conditions, detesmined. No significant. differences. wero; Jound eithor for the differest stress
proceduses, nor for stress, sensitivity in a 2-way analysis of viriance using these Jaster values,

Tuble 87 Simple regeession analysis betwésls Uik sress timd period and revtal ténperatures
R

. _ Regression equati B N g
Halothane &sposure: R
SR pigs Y=L + 561400%0) o8 3%
S pigs _ Y3858 + L0’ o049 4199
[ Treadmil excreie: P i
SK,pigs 3 L. y=3988R3 4 119210y
s, - Y 390401 + 136510500

Tobte-88: The calculated ectal temperatures ofﬂw dmmu striss sensitiviy opes o . peilt of

halothane, exposure r. foadmi] exertise P .
i 'ligmm!uk e - 'nm‘n,ﬁmq\!md 1 jncrease
§ wiet

Halothane sxposuie: ; v

SR pigs .+ .

35, g

[ Tivaginl cucreoc .

R pige X ’

55 pigs .
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8.3. Discussion "

The pigs respended. to the. tréadmill exercise compared to the halothane expasire in that duritg
treadmili“exercise the pigs had highdr rectal tetmpératures than during halothine exposure (Column
A, Tables 3.1 and 8.2). Durivy the treadmill cxetciso of about 10 mivutes, which corresponded
to about 80 meters of walking during the 10 minute period, the heat produced in the muscles,
resalted in higher ectal During halothane the. gebere! cesponse to an-
apsthesia’ s & relaxation of muscles; thus-an assuméd Jower energy: requirement, and thercfore
lower rectal temperature.

Although the SS pigs develop malignant hypérthermia as a result of excrcise (Patferson & Allen,
1972) ‘ot halothane exposure (Hlarrison ef af,, 1969), no differences in rectal temperatures were
found betwoen SR and $S pigs as a result of the stress imposed on the pigs (Column B, Table
8.1). This might b the result of an increase in- tempersfure as a respoise to the stress, which
fakes place reftively late affer initiating of the stress procedure (Harrison ef af, 1969), compared
to changes in plasma, variables and muscle metabolites. The s~me result --.s found fn analysing
the response of the SR and $$ pigs to either haldthane exposure or treadmill exercise, In neither
of tho cases did tho rectal temperaturss between the SR and SS pigs differ. This differs somewhat
from the results obtained by Schmidt (1980). After treadmill exeirise of S minutes, the SS pigs
had 1 tigher rectal temperature than the SR pigs, as well as 5 abd 45 minutes after the 5 minutes
running, but not at'10 minutes, or at 20 minttes aud-thereaftér, The treadmill sped as used by
Schmidk (1980) was 1 mfsec for 5 wiinutes, compared to the 0,19 m/séc for approsimately 10 minutes
ised in my'ekporiment, 1t is thus farther evidence tit durlsig stress as was applied in this stady,
the riss in temperaturs a5 a result of mafignant byperthermis is perhaps a rather Iate consequence
of the syndrome, altitough the treadmill stress was stressful enough to kill four ont of the nine
SS pigs, showing other typical symptoms of malignant hypérthermia,

As wes fousd with ol the pigs, the SR pigs exposed to halothane bad lower rect temperatures
than the SR exercised. pigs, The tesults found in the 85 pigs were similar. for the time period
120 to 270 seconds, aﬁ:r which the: mmpemt\lres of the. S8 p.gs, whether exposed to halothane
or treadmilt exercise, wore similir, and sot Hgnificytl ferent. Thns, the difference in the tom-
peietures die to stress procedere {Column A, Teble-8.) is therefore morea consequence of the
differences in rectal temperatures of the SR pigs. than of tho. S8 figs. These differences are also
evident from the timo period necessary u\}pr s differeat stréss procedutes to fcrease the roctal
temperature by 1°C. The tins necessary dhder halotbane: anaesthesia fér the SR pigs woild be
31 sijoutes (although the corralatios coelicibnt was very 16w). conipared to the 9 minutes necessary
for the S pigs, which correlates. well with the finding of Hiirrison ef al. (1969). Durisig.treadll
exercise, the e period nceded for ko' SR and Y, pigs were very, simitar, niunely 14 and 12
» mimuts, whish did ot differ mmch from'tho © minutednecessary for the S8 pigs undér halothane
almﬂth.es;a, compmd to'thé 31 minutes. m:edgd by SR pigs. Tlmelorc, it seBins that the malignant
of halothang’ exposure nd tread-
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tures with the results obtained for Blood varisbles' (Chaptet 5) and muscle metabolites (Chapter
8), the physiological responsé-is-fot the same; aithough both leatt to a stimalation. of glycolysls
and glycogenotysis, The cid fesults in ferms of malignant hyperthermia, death of the pig aid PSE
musculafitre 2k the same, altfiongh tho mechanistus Of ctivation riight be @ifferont.

. Conclusion
Treadmifl éxercise resulted in higher roctal temperatires than did halothwie exposure. This dif:
fererice was more a consequience of the differences in rectal temperaturcs ‘of the SR pigs thn
the S8 pigs.

During the 10 minntes expesure. ta the stress (whether halothane exposure ot treadiuill exercise),
e footal tomperatures of the SR pigs and S§ pigs were similar. It was. calcilated that during
balothniz exposure the restal temperatiies of the S pigs would ise 1°C évery 9 minutes comparéd
to'the- 31 mintes of the SR pigs, yet, during the treadinill éxercise, tho tirties “caloulated for 2
1iso o 1% fo¥ the SR and §S pig wete 14 and 12 minutos.

Although the-vootal temporatures did not differ i 85 pigs-between the halothaise sxposurs and
treadmill exercise, thoso-eesilts compared with the resvits on the blood vasiables ‘and muscle we-
fabolites indigate. differences. i the mechianisms of activation, albeit the end results
rectal téniperatores, death of the aoital and PSE are similar, S
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. Conclusions

b ot thi sty was to defermlne“tho poseble use of biood variabls and muscle metabilies

in classifying SS pigs, relative 16 the’ use of the halothane test, and to determine the influctce
of atress susceptibility in the Langrace’ bced on: .,

*growth charactetistics P
*carcase’ chioracteristich © | ;\\\
< Ao hls tody was otk résponss VSR aud 5 pies to haléthane esposurs
anil {readmill excrelse in tefy 1 Blood variables and muscle wetsboites in an effort
40 e I the rapchaniisy., 5: th o of maligndit byperthersis, aie simuliion
+0f, glyoolysu and gi;mogenolyns m“i!ic« SS and MHS are the wne
£ B ke :

Asa jl o the diethodology follwwadﬂn&; o tho herds wers ‘l\qed The results show that

o ‘dso 0 blood variables and muscle metabolites?i idcnn(y-'«g S8 pigs 35 complicited a5 a result

of thi bétieen herd differsngss. Hisbindsy prastises may ai fntlucice g aceyracy of prediction

U of8S pis by the-use.of blood variables or muscle metabolitgs, rendering mm of those variables
L -1 i ibtabolitcs naeless o précicire tesfs in goncral. The betwetin hierd diffdrences are i varions
o+ "5 chss Jorker than the @ilfresis Bebweeii SR snd S8 piga- Alko, the Juliente of reiraint and
. “m@mhesm vsedfn fakiog the E‘lwd orobtaining the atiscle blopsy wmpllcwté“{lw s of blood
ifies i hscle nw{-bohm/ iF breditiog $§ plos Thssalothang tes atthough prone to
m.ﬁ‘:aqm, Tesdlls i'a andme test than the blood vmah]zs or mnsclo metgbolites,
s, impossible. to'd detedt any shress nuceptmlc r.ar:icx (Nu) pigs. Hawovel; the Insk is

X




Generally, the SS pigs had ‘advantageous carcase ahd meat characleristics relative to that of the

SR pigs. Thi istics ineluded & higher slaught tage, lower chill-
ing fosses, thinmér-backfat thi Stter;, thus more compact carcases; and mofe tendér meat,
Thesh positive chakcteristi negated by the single factor. of low muscle pH values

within-60 minutcs panmmem, indicative ‘of PSE-meat by the 3§ pigs. Althongh the ADG of
the 3 and SR pigs webe dimilar, the SS pigs had a lower FCR, which is snother economic ad-
vantageous charactoistic. s, from 3 pmduck quality point of view, the prodiction of SS pigs

is economiically neptlve( *\

Sigﬁﬁmnt hard differences were found”regarding live mass, backfat thickness, cooking loss, water
holding capacity and tenderness between the pigs of the two herds, although no significant dif-
ference was found.dn the muscle pH valiics 60 minutos post mortem. 1€ is therefore possible in
seléctive breeding to iimprove certain growth, carcass and meat characteristics towards the ad-
vantagsous charactiristics SS. pigs possess, by bly using SR pigs. Such a scheme would not ne-
gatively inflierice ‘meat quallly, and would theicfore be an ecanomic advantage.

o
The differences fouad:#n muscle fibro type indicéte a highor enacrobic capacity in S5 pigs. White

musde fibre pricentage was higher Jo S pigs, With a concomitant lower red and intérmediate
miusle fibre porcentiges. These,difforences between the musclo fibre percentages of the SR and
S pigs may contribute to the bigher rate. of anacrobic plycolysis and glycogenolysia characteristic
of S8 pigs during exposute 1o stress.
I W .
Regaiding the influtice of stress on t."blood varisblos of pigs, the data show that botl halothasie
expoiiars and thepdimill exereiso stimuldte glycotysis and glycogenalyss. The'treadnill exbrciso re-
sulted in aoré severs muscle ‘damage as indicated by the rise in muscle specific enzyme activities,
aind tho" grestersectetiof of ACTH and cortiol. Thess diffefences were alsb foind i S8 pigs
54 result of thi tWo' types of ‘streds, but wete, compared to the changes in SR pigs, exacerbated.
Nevertheless, the résults indicate the possibnuy of different methanisms of activation of mafignant

 hyperthermin' 4s's consogéngs, of halothaiis swposure and tréaduill exercise. This contlusion &

n!soma&ouan.xysmgﬂ:eeﬂmor:hazwunypesonummmmechmgmmusdemmmm
bftheskandSSngdm'Ingth:lmpmoem P

The mnscle mnhbohl:s lndl\‘«aled that, although halothanc exgosure and treadmill exsrcise both
shmuhked\glwolysls‘nd giyéogenolysis inboli the SR and S pigs, the hillothane exposura resulted
in the sumnlahnn of a'more anderobic metabolisut in thu $§-pigs as indicated by the. lnglwr Tastate
concenirations. ‘The differencs, in the mustle ‘miotabolites between SR and 58 pigs were greater
during halotkane expoguro. than, during.the treadsull éxercise, this indicating the differetes Tn
{lespouse to the two typesmf stressors, 29d therefore: the pussvbthly of twe differcnt mechatiisma
of, acnvahon ufmhgmnt llypmhermm w8 esplt of eithet halothane exposnm or physnc,pl exertion,

mresponsnhetwecnthelvmtypesofmmsmrwﬂwmwmuwuuumlkoflh»:d.ﬂ:renoe
. inetie xesponis of the SR pigs rathor thau & & diffarencs in respongs by the §$. pigs.; [The mdmu'

Ty




exercise resulted overall in the higher rectal tompératires, which why, significantly different i the
SR pigs thrcughnnt the time period of temperatiire measuremdnt, but only significant in the $§
Plgs carly durit ihi stress periods, whedeafter the temperatutes wero similir diridg the remaizing
experiniental time period. Tho calealated time pesiod needed for the SR pigs to. increase rectal
tmpenmmbymcm:u iinutes. sompared {0 the 9 minutes nceded by by the SS pigy during
&zhﬂnthmaxpmmbmgthemadmﬂemxﬁemdﬁﬂmmsmwad,mthe
times calonfated were very siuilar, namely 14 and 12 minutes respectively, This finding also supports
the pom'lrﬂizy of‘ differéat mbdlgmsm involved in thé stiniulation ‘oF glycolysis and glycogenolysis,
resulnng iin the: mtal ‘temperaturs, which is ai ‘end resull, being similar between SS pigs as a
fésult of halothang exposuré and, treaduill exercise.

B is concluded thacelors, (hat the possibility exists for two different meckaisms involved in the
detivation of bt Hypertherniia dnd the conoomitant activation of glycslysis and elycogenclyss.
The agtivtion of malignant Bypecthermia as a sosult of PSS, agd MHS are- thys not identcal
aad diny mqefm ok b the game syndrome, although certaln aspects of the syadsome are siuilar.

. o S o
92, Rec&u.mmﬂmm

Lt mwmmwydndllhu the use ufm ot dest in identiying 53 ‘pigs be mainlgined, Guidglines
}ﬁ on the optimal tise of the halothane test must be drawn up, and distributed amongst the inferested
mmmo{mcwmhanemnmmnﬂymgss pigs for the extlusion of such pigs from
oesting Yerds: shonds eencouried i un efort . decrease the incidence of S8 pigs, 200wl
tiately the. production ‘of (PSE. meat: Now. mnethads shouid be deyéldped fo identify the carrier
p{ﬁg unequivocally, as.the tests, to date aré riefféctive in ddivg o, This should lead to the meds-
of the nfluence of this type of pig on growth carcase aid meat nhmctensues, and:whthier
ype” of pi shoild. ber excluded. fmm breediag beids B well
The \u of tis study fadicate the pussiblllly ‘of dhlferent' machanisms of pefvation of -

i aind fhe Eoncoinits of glycoly&;s and i -spm shotid
“receive attaabibn'hs it could ‘v aluable infofination o the mmul.mon of glyeolysm and giy-
cnpmiym, and ”nze waoy of mahgum Hyperthermia,

e
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Resuits of the statistical analyses on the blood variables

and mausclé as by stress itk g to the
tassil using the h ing test between the agés of 7 and 11,
weeks) and herd .

Tble AL Results of 2way analjses of variance on blood variables of pigs at 11 weeks of age
as influencud by stress sensitivity (A: SR vs SS) nd herd (Be herd X vs Herd ¥)
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v L Tbile A2: Meait values aind “standard déviations {sd) of blood varinbles as influenced by stress
: : sensitivlty end herd N
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Tuble A.3: Mogn valies, siandard deviations (sd) and lovel of sighificance of blood variables from
pits of hgrd X ias. inflaenced by stress ‘sensitivity
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‘n:bleA . Moty vabses, stasdard devitions (5d) and level of significance of blood variables from
. SR pigs as lnﬂuznad by herd
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Tiible. A5 Meah valuds o dmmm (sd) and. ievel of signifcatice of blood variables from
S8 pigs as influenced by herd ” i
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Tuble A Resuls of 2vay anases of vaiance on rmsce mabolies oo pis a8 nfuincad by
Sensitivity (A: S, vs SS) and herd (B: herd X s herd ¥)

Variable Stess genshivity (8) Herd (8) A8
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Table A.7: Mean values and standard deviations (sd) of niwscle metabolites as Influenced by stress
herd
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’nblc A M‘am valns:, .mmdard deviations (sd) and level of .ugv}ﬁwmc of niuscle metaboliter

* from SR plgs as hnﬂwncd Dyiderd
| Vartable. : N o % Herd Y ‘Significanccs fevel
i Mean_: 5§ ® | Men s n
L actiee 920 654 k) 2093 855 W <0,0001 hd
Lo osmes . ® LR O ) o NS
Glucose &-paosphate LE R I <o
| PhospHoescatine Coom, 4 E 428 m . om0+
| Gioose - o.vz oar m 046 0B ‘10 2128 NS
i 65 1385 5237, 55 10 0

Giptogen : imol giyoneyl unltalg muecle

| Lactate, ATPglicode 6-phosptists, yhmpnneruﬂu and gloocse ¢ pmol/g muscle

rom S8 208 nfusd

 Thble A.10: Mean values, standard deviations (;d) anil level of sug.lﬁcunct of muscle metabolites
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Tuble B3} Mean vaies and standard deviations (sd) of meat characteristcs of plgs as infliencid

by mmerm o herd
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