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P h y s io lo g ic a l c o n s id e ra tio n s  

David L i s t e r

I t  i s  c le a r  from th e  p re v io u s  paper (Scopes, 1971) t h a t  th e  mechanisms 
o f  most i n t e r e s t  in  th e  p re s e n t  c o n ten t a re  th o se  concerned w ith  th e  r a t e  and 
e x te n t o f post-m ortem  g ly c o ly s is  in  m uscle. At th e  p re s e n t t i n e  i t  i s  no t 
p o s s ib le  t o  p in p o in t e x a c tly  th e  p h y s io lo g ic a l mechanism which determ ines th e  
pH a t  which g ly c o ly s is  ceases in  a muscle ad eq u a te ly  endowed w ith  glycogen 
a t  th e  moment of d ea th , and th e  su g g es tio n  o f f e r e d  by Scopes (197*1) r.ust 
s u f f ic e .  However, i t  i s  g e n e ra l ly  h e ld  th a t  an a s s o c ia t io n  does e x i s t  between 
th e  ra re , and e x te n t of p o s t mortem change in  muscle i . e .  ra p id  r a t e s  o f pi I 
f a l l  a re  o f te n  accompanied by u n u su a lly  lev; u lt im a te  pH, and th e  two may sh are  
a common p h y sio lo g y .

The im portance o f m y o f ib r i l la r  Al’Pase a c t i v i t y  as a c o n tro l l in g  mechanism 
of g ly c o ly s is  can now be dem onstrated  by p h y s io lo g ic a l experim ent as w e ll as 
in  th e  b io ch em ica l term s p re v io u s ly  d e sc r ib e d . I t  i s ,  p e rh ap s , worth 
r e i t e r a t i n g  th e  n a tu re  o f  th e  p h y s io lo g ic a l p ro c e sse s , f o r  i t  i s  from th e se  
t h a t  we can mast e a s i l y  draw in fo rm a tio n  o f p r a c t i c a l  v a lue  to  the  meat in d u s try . 
In  doing so I  s h a l l  c o n s id e r  the  m etabolism  o f p ig  m uscle. P ig  muscle i s ,  
p e rh ap s , o f  g r e a te s t  i n t e r e s t  because th e  normal course  o f p o s t mortem g ly c o ly s is  
in  th e  econom ically  im p o rtan t m uscles o f th e  p ig  i s  such th a t  in c re a s e s  in  
g ly c o ly t ic  r a te  o f te n  le a d  to  ex cessiv e  d en a tu re .tio n  o f th e  so lu b le  sarcop lasm ic  
(and even o f th e  m y o f ib r i l la r )  p r o te in s ,  ¿ h is  causes lo s s  o f t h e i r  a b i l i t y  to  
b in d  w a te r and t h e i r  p r e c ip i t a t io n  on to  th e  s t r u c tu r a l  p ro te in s  o f m uscle, and 
g iv e s  r i s e  to  the  w ell known P .S . l .  c o n d itio n  in  m eat.

A lthough th e  same p h y s io lo g ic a l  and b iochem ica l p r in c ip le s  a lso  app ly  to  
b o th  c a t t l e  and sheep, th e  P .3 .E . c o n d itio n  i s  n o t commonly found in  th e se  
s p e c ie s , T h is i s  p r im a r i ly  because the  tim e sc a le  o f  muscle g ly c o ly s is  i s  
s u f f i c i e n t l y  ex tended f o r  c a rc a s s  tem p e ra tu res  to  be reduced by co n v en tio n a l 
r e f r i g e r a t i o n  p r a c t ic e s  to  a p o in t where th e  in te r a c t io n  betw een tem p era tu re  
and a c id  pH ( in  t h i s  c o n tex t l e s s  th an  a, 6 .0 )  w i l l  no t cause ex cessiv e  
d e n a tu ra tio n  o f muscle p r o te in s .

I t  i s  f i r s t  o f  a l l  n e c e ssa ry  to  dem onstrate  t h a t  changes in  the  r a t e  o f  
ATP tu rn o v e r  in  l i v in g  muscle can be r e f le c te d  in  th e  m etabolism  of t h a t  muscle 
p e s t  mortem. B en d a ll ( i 960) co n v in c in g ly  dem onstrated  t h i s  e f f e c t  in  a  group 
o f Large Abate p ig s  which were a n a e s th e tis e d  and c u ra r is e d  a t  th e  tim e th ey  were 
s tu c k . T his te ch n iq u e  m arkedly reduces th e  e x te n t to  which nervous s t im u li  
P ass  a c ro ss  th e  motor e n d -p la te s  in to  muscle f ib r e s  th u s  p re v e n tin g  s tim u la tio n  
o f  muscle a c t i v i t y .  The r a t e  of g ly c o ly s is  was m arkedly re ta rd e d  in  the  
m uscles o f  th e  t r e a te d  an im als , compared w ith  th o se  o f c o n v e n tio n a lly  s la u g h te re d  
p ig s .  On th e  o th e r  hand, d i r e c t  s t im u la tio n  of th e  c u ra r is e d  m uscle, which i s  
p o s s ib le  when e l e c t r i c a l  im pu lses a re  a p p lie d  d i r e c t l y  to  th e  m uscle, le d  to  
a la rg e  in c re a s e  in  th e  p re v io u s ly  much re ta rd e d  r a t e  o f g ly c o ly s is .  3endc.ll 
concluded th a t  i t  i s  p ro b ab ly  th e  e l i c i t i n g  o f  th e  neuro m uscular response 
which i s  most commonly re s p o n s ib le  fo r  th e  p ro d u c tio n  o f i n f e r i o r  q u a l i ty  a rk . 
One may a lso  ex tend  t h i s  o b se rv a tio n  to  cover the  e f f e c t s  of co n tin u ed  neuro-  
m uscu lar s t im u la t io n  such as an anim al might e n co u n te r, ¿'or exam ple, du ring  
t r a n s p o r ta t io n  in  un favourab le  c o n d itio n s , o r  th e  common la i r a g e in g  o f groups 
o f anim als from d i f f e r e n t  so u rc es . In  t h i s  c a se , th e  co n tin u in g  neuro m uscular 
s t im u la tio n  w i l l  le a d  u l t im a te ly  to  g lycogen d e p le t io n  in  th e  l iv in g  muscle and 
to  th e  p ro d u c tio n  o f meat o f a dark c u t t in g ,  h ig h  pH, type p o s t mortem.
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A pparent ex cep tio n s  t e  t h i s  g e n e ra l cc.sc do o ccu r, however, and 
u n fo r tu n a te ly  th e s e  ex cep tio n s  p re s e n t  them selves in  th o se  b reed s  o f p ig  
whose meat q u a l i ty  i s  g e n e ra lly  p o o r, c .g . P i e t r a in  o r Poland C hina. I t  has 
been shorn (se e  L i s te r  1970), th a t  c u r a r i s a t io n  i s  o n ly  p a r t i a l l y  e f f e c t iv e  
in  red u c in g  th e  p o s t mortem r a te  o f  pH f a l l  in  th e se  b re e d s , where i t  i s  n o t 
uncommon to  observe th e  com pletion  of g ly c o ly s is  a t  pH v a lu e s  below 5 .9 ,  
w ith in  10-15 m inutes o f  s la u g h te r .

À more e f f e c t iv e  r e la x a t io n  o f muscle can be achieved  in  th e  P ie t r a in  
and Poland China b reed s  by th e  in trav e n o u s  a d m in is tra t io n  o f f a t a l  o r n e a r 
f a t a l  doses o f  magnesium s u lp h a te . I t  i s  no t known, however, how magnesium 
su lp h a te  s o lu t io n  ach iev es  t h i s  e f f e c t ,  f o r  i t  has p ro p e r t ie s  which r e l a t e  
to  th e  c e n t r a l  nervous system  as w e ll as to  neuro  m uscular p h y sio lo g y  and th e  
in h ib i t i o n  o f AYPase a c t i v i t y  in  p a r t i c u l a r ,  b u t w hatever mechanism i s  
re s p o n s ib le , th e  profound r e la x a t io n  o f th e  m uscu latu re  o f an im als so t i e a t e d  
i s  c le a r ly  a p p a re n t.

T h is l a t t e r  experim ent, more th an  any o th e r , in  my o p in io n , dem onstrates  
th e  overwhelming im portance o f m uscle s t im u la tio n  in  th e  co n tex t o f th e  P .3 .L . 
meat syndrome, w hether th e  anim als a re  s im ila r  to  th e  Large V.hite o r  P i e t r a in  
ty p e s . In  th e  experim en ts o u tl in e d  above, t r e a t e d  and u n tre a te d  p ig s  of a 
b reed  group were from common s to ck  and th e i r  p h y s io lo g ic a l c o n s t i tu t io n s  might 
be expected  to  be c lo s e ly  s im i la r .  Y et, by ach iev in g  a  profound m uscular 
r e la x a t io n  a t  th e  tim e o f d e a th , i t  was p o s s ib le  to  overcome a l l  th e  p u rp o r ted  
in a d eq u a c ie s  o f  enzyme o r hormone l e v e l s ,  which presum ably  were p re s e n t  in  th e  
t r e a te d  an im als j u s t  as th ey  were in  th e  u n tre a te d  an im als whose m uscles 
responded  to  s la u g h te r  in  th e  u su a l fa sh io n , and r e ta r d  g ly c o ly s is  to  produce 
meat o f  a cc e p tab le  q u a l i ty  ( L is te r  and H a tc l i f f e ,  1970).

The problem  to  be so lv ed , th e r e f o r e ,  i s  no t w hether a given r a te  o f 
g ly c o ly s is  can be supp o rted  by th e  u su a l b iochem ical pathw ays in  muscle o f a 
p a r t i c u l a r  type  (Scopes (1971) concluded th a t  th e  p o te n t ia l  r a te s  o f g ly c o ly s is  
in  muscle always g r e a t ly  exceed th e  observed  r a te )  b u t how such a r a t e  i s  
t r ig g e r e d .  I t  i s  th e  sea rc h  f o r  th e  t r i g g e r  mechanism, e s p e c ia l ly  in  th o se  
b reed s  which s u f f e r  a h y p e rs e n s i t iv e  re sp o n se , which i s  o f  most concern  in  th e  
p h y s io lo g ic a l  c o n tex t.

V arious su g g es tio n s  have been o ffe re d  to  e x p la in  th e  n a tu re  o f  th e  
untoward m etab o lic  response  in  some an im als, and most can u l t im a te ly  be 
ex p la in ed  in  term s o f th e  in c re a s e d  u t i l i s a t i o n  o f ATP, t r ig g e r e d  by an unknown 
mechanism, f o r  in s ta n c e , i t  h as  f o r  long  been  co n sid e red  th a t  th e  e x te n t of 
anox ia  su f fe re d  by an anim al a t  s la u g h te r  was o f  key im portance . A ccord ing ly  
experim ents were conducted ( L i s t e r  e t  a l  1970) on th e  s o -c a l le d  s t r e s s  
s u s c e p tib le  and r e s i s t a n t  v a r i e t i e s  o f  p ig  (Poland China o r  C h este r V.hite) to  
examine th e  e f f e c t  o f a d m in is te r in g  oxygen o r  n itro g e n  a t  h ig h  c o n c e n tra tio n s  
to  a n a e s th e tis e d  an im als, p r i o r  to  t h e i r  e x sa n g u in a tio n . I t  was found th a t  
an im als w ith  a norm ally  slow r e s t in g  tu rn o v e r o f  ATP were n o t a f f e c te d  by e i t h e r  
tre a tm e n t in  te rm s o f t h e i r  m uscle m etabolism  p o s t mortem, w h ils t  th e  
a d m in is tra t io n  o f pure  oxygen to  th e  s t r e s s  s u s c e p tib le  p ig s  had- no a p p re c ia b le  
e f f e c t  p o s t  mortem e i th e r ,  f o r  th e  r a te  o f  muscle m etabolism  was s u f f i c i e n t l y  
h igh  f o r  any b e n e f ic ia l  e f f e c t s  th e re  might have been to  be n u l l i f i e d  by th e  
e f f e c t s  o f  th e  anoxia  produced by s t ic k in g  and e v is c e ra t io n .

I t  i s  c le a r ,  th e r e f o r e ,  t h a t  th e  anoxia  a s s o c ia te d  w ith  th e  s la u g h te r  
p ro c e ss  m ill  n o t i t s e l f  be in  any way damaging to  m uscle m etabolism  p o s t » ortem 
i f  th e  muscle is ^ n a S ta b o lic a lly  s tim u la te d  a t  th e  t in e  o f  d e a th . I f  i t  i s ,  h igh  
te n s io n s  o f oxygen in  th e  b lood  w i l l  be on ly  o f tem porary  advan tage . One must 
a lso  conclude th a t  sine.ll d i f f é r e n c ie s  which may be found from b re e d  to  b reed  
in  th e  in h e re n t c a p a b i l i ty  o f p a r t i c u l a r  m uscles fo r  a e ro b ic  o r an ae ro b ic  
m etabolism , i . e .  w hether i t  c o n ta in s  more o r few er re d  o r w hite  f i b r e s ,  w i l l  no t

22



m a te r ia l ly  a l t e r  t h i s  co n c lu s io n  so f a r  as th e  response to  anox ia  a t  s la u g h te r  
i s  concerned, t h i s  i s  n o t to  deny, o f c o u rse , th a t  m uscles which can be 
c l e a r ly  c a te g o r is e d  as red  o r  w hite  ty p es  (se e  B ea tty  i  Bocel:, 1970) show- 
d i f f e r e n t  p a t te r n s  o f  g ly c o ly s is  p o s t n o r te c  b o th  in  te rn s  o f r a t e  and e x te n t ;  
th e  red  ty p e  showing a s lo w er, l e s s  ex ten s iv e  change th an  th e  w h ite . In  view 
o f th e se  l a t t e r  c h a r a c t e r i s t i c s ,  exam ination  o f th e  p h y sio lo g y  and b io c h em is try  
o f  th e se  f i b r e  ty p e s , and th e  ways in  which each  ty p e  i s  t r ig g e r e d  in to  
a c t i v i t y ,  nay w e ll bo of im portance in  th e  p re s e n t  c o n tex t.

Ih e  concept oí' s t r e s s  s u s c e p t ib i l i t y  in  an im als in e v i ta b ly  gave r i s e  to  
in v e s t ig a t io n s  o f v a r io u s  a sp e c ts  of endocrine  fu n c tio n  and th e re  would seem 
to  be o th e r  reasons to  support th e  id e a  th a t  d if f e r e n c e s  may e x i s t  in  the  
en d o crin e  fu n c tio n  o f anim als i t h  d i f f e r e n t  b o d ily  p ro p o r tio n s  o r  ty p es  e .g .  
la rg e  o r sm all, f a t  o r  le a n  (see  L i s t e r ,  197-)- fudge and h is  co w orkers 
(Judge, 1971) have shown th a t  a lth o u g h  th e  p ro d u c tio n  o f ACi’H by th e  p i t u i t a r y  
i s  in c re a s e d  in  an im als o f  a s t r e s s  s u s c e p tib le  ty p e , th e  p ro d u c tio n  o f ad ren a l 
c o r i ic o ld s  i s  n o t. Our own s tu d ie s  would support th e  co n c lu sio n  th a t  th e  
a d re n a ls  o f p ig s  o f  such a ty p e  a re  r e l a t i v e l y  un responsive  to  a ire e n  s t i . r u ia t ic n  
( L i s t e r ,  1 9 7 Í) .

Lven though some a sp e c ts  o f  endocrine  perform ance can be shown to  be 
d i f f e r e n t  from one ty p e  o f anim al to  a n o th e r , i t  i s  by no means c le a r  h o .7 th e s e  
c h a r a c t e r i s t i c s  a re  in v o lv ed  in  th e  v a r io u s  p a t te r n s  o f  g ly c o ly s is  to  be found, 
'-’he evidence p re v io u s ly  c i t e d  concern ing  th e  e f f e c ts  o f  c u ra re  in  P i e t r a in  and 
Large w hite p ig s  suggested  th a t  th e  h y p e rs e n s it iv e  response  in  P ie t r a in  muscle 
i s ,  p e rh ap s , i n i t i a t e d  in  th e  muscle f i b r e  i t s e l f ,  due to  an e le c t r o ! ;  ce 
im balance a t  th e  c e l l  membranes. In  view o f  i t s  c e n tr a l  ro le  in  m a in ta in in g  
t i s s u e  e l e c t r o l y te  b a la n c e , i t  i s  no t u n reaso n ab le  wo im p lic a te  th e  ad ren a l gland 
in  th e  c o n d itio n  and, in d eed , i t  i s  p o s s ib le  to  show by a p p ro p r ia te  th e ra p y  
th a t  a l l e v i a t i o n  o f a p o t e n t i a l  a d ren a l in s u f f ic ie n c y  can r e ta r d  the  p ro g re s s  
o f p o s t  mortem g ly c o ly s is  even in  th e  muscle o f P i e t r a in  p ig s  ( L is t e r  1971 ) .

be m ust, however, s t i l l  conclude th a t  th e  s i t e  o f  th e  h y p e rs e n s i t iv e  
response  which t r i g g e r s  an u n u su a lly  ra p id  g ly c o ly s is  in  c e r ta in  m uscles o f 
some ty p e s  o f  anim al and p ig s  in  p a r t i c u l a r ,  s t i l l  e ludes u s . I t  i s ,  however, 
d i f f i c u l t  to  im agine th a t  t h i s  s ta t e  o f a f f a i r s  can con tinue  in d e f in i t e ly  in  
th e  l i g h t  o f th e  enormous advances c u r r e n t ly  b e in g  made in  th e  f i e l d s  of 
b io c h em is try  and p h y sio lo g y  g e n e ra lly .
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