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R e s e a r c h  on PSE-meat  and r e l a t e d  p r o b le m s .  " " T • .
Summaries f o r m u l a t e d  w i t h  h e l p  o f  t h e  symposium p a r t i c i p a n t s  by P r o f .D r .R .A .L a w r x e .

Addendum
Summary musc le  m e ta b o l i s m

~ T h e  most  i m p o r t a n t  f e a t u r e s  o f  musc le  m e ta b o l i s m  were c l e a r l y  r e i t e r a t e d  b e f o r e  
c o n s i d e r i n g  t h e  i n f o r m a t i o n  on PSE o b t a i n e d  i n  r e c e n t  e x p e r i m e n t a l  work:  t h e  r e l e  
vance  t o  ou r  u n d e r s t a n d i n g  o f  t h e  c o n d i t i o n  o f  t h e  u n c o u p l i n g  o f  p h o s p h o r y l a t i o n  
from oxygen u p t a k e  i n  m i t o c h o n d r i a ,  by v a r i o u s  c h e m i c a l s ,  was g i v e n  c o n s i d e r a t i o n .

T he re  was g e n e r a l  ag reem en t  t h a t  enhanced  m y o f i b r i l l a r  ATP-ase d e t e r m i n e s  t h e  
p o s t  mortem changes  which  l e a d  t o  PSE p o r k .  R ecen t  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  
c o n c o m i t a n t  d e f e c t s  i n  t h e  a e r o b i c  m e ta b o l i s m  o f  P S E -m u s cu la tu re  h a s  b een  o b t a i n e d .  
These a r e  m a n i f e s t  when m usc le s  a r e  examined  f r e s h l y  p o s t  mortem o r  a t  b i o p s y ,  m  
p a r t i c u l a r  t h e r e  a p p e a r  t o  be d e f i c i e n c i e s  i n  m i t o c h o n d r i a l  p e r f o r m a n c e .  A number 
o f  o t h e r  b i o c h e m i c a l  and h i s t o l o g i c a l  c r i t e r i a  i n c l u d i n g  t h e  l e v e l  o f  v a r i o u s _en
zymes and hormones ,  and t h e  s i z e  and s h ap e  o f  f i b r e s ,  were d i s c u s s e d .  But i t  i s  
s t i l l  n o t  p o s s i b l e  t o  a s s o c i a t e  t h e s e  u n e q u i v o c a l l y  w i t h  p a r t i c u l a r  p o s t  mortem 
changes  o r ' t o  i d e n t i f y  them c l e a r l y  a s  t h e  cause  o f  PSE c o n d i t i o n s .  One d i f f i c u l  y 
i s  t h a t  t h e  s c a t t e r  o f  t h e  d a t a  i s  c o n s i d e r a b l e .  The p r e s u m p t io n  t h a t  d i f f e r e n c  -  
i n  m usc le  i n  v iv o  c o r r e s p o n d  to  t h e  d e g re e  o f  p o s t  mortem d i f f e r e n t i a t i o n  i s  n o t
a u t o m a t i c a l l y  v a l i d ;  n o r  g e n e r a l l y  a c c e p t e d ,  t . j

The v a l u e  o f  t h e  model  s y s t e m s  ip. e l u c i d a t i n g  t h e  PSE c o n d i t i o n  was r e c o g n i ^
Thus t h e  h y p e r t h e r m i a  and c o n c o m i t a n t  b i o c h e m i c a l  changes  which a r i s e  w i t h  h a l o -  
t h a n e  a n a e s t h e s i a  have b een  adduced  to  a c c o u n t  f o r  PSE. I t  seems l i k e l y  t h a ,  t h
k i n d  o f  a p p ro a c h  w i l l  p ro v e  v a l u a b l e .  _ e , - n

The d e s i r a b i l i t y  o f  e s t a b l i s h i n g  some c r i t e r i o n  i n  v iv o  which c o u l d  be u s e d  to  
f o r e c a s t  a c c u r a t e l y  t h e  e v e n t u a l  deve lopm en t  o f  PSE m u s c u l a t u r e  was a g a i n  empha
s i z e d .  A number o f  c r i t e r i a  h a s  shown p rom ise  i n  t h i s  r e s p e c t .  These  i n c l u d e  l e v e  
o f  c r e a t i n e  p h o s p h o k in a s e  and o f  l a c t i c  d e h y d ro g e n a se  i soenzyme V m  b l o o d  serum 
and t h a t  o f  g l u c o s e - 6 - p h o s p h a t e  i n  b i o p s y  s a m p l e s .  The l i m i t a t i o n s  ° f  ^ c h  p a r a -  
m e t e r s ,  however ,  have a l r e a d y  b e e n  r e f e r r e d  t o .  Thus,  w i t h m - b r e e d  d i f f e r e n  e 
n o t  be r e l i e d  t o  i n f e r  p o s t  mortem q u a l i t y .  N e v e r t h e l e s s ,  t h e r e  i s  no doub t  t h a  
b e t w e e n - b r e e d  d i f f e r e n c e s  may be f a i r l y  l a r g e  and t h e r e f o r e  u s e f u l  f o r  t h e  i n v  
t i g a t i o n  o f  t h e  u n d e r l y i n g  p r o c e s s e s  i n v o l v e d .

Summary s t u n n i n g  '
I r r e s p e c t i v e  o f  t h e  mode o f  s t u n n i n g  employed a t  d e a t h  t h r e e  r e a c t i o n s  a r i s ®’ 

s t i m u l a t i o n  o f  t h e  n e r v o u s  s y s t e m ,  a n o x i a  and r e l e a s e  of^ e a t e c i o  a m in e s .  e ^ ^  
f l u e n c e  o f  t h e  fo rm e r  two f a c t o r s  i s  l i k e l y  t o  be p r e d o m i n a n t ,  b u t  a l l  t n r e
be s t u d i e d  f u r t h e r .  , , . mv,. mai11

T h ere  were no dominan t  p r e f e r e n c e s  be tw ee n  e l e c t r i c a l  and C O g -s tu n n in g .  The ^
c r i t e r i o n  i s  t h e  p r a c t i c a b i l i t y  o f  t h e  management.  The C02-method  w i l l  p roduce  -  
lo w er  pIL , w he reas  t h e  e l e c t r i c a l  s t u n n i n g  method w i l l  p roduce  more p i n - p o i n  
b l e e d i n g ^  In  c o n t r a s t  w i t h  a n i m a l s ,  w hich  a r e  n o t  s t u n n e d ,  b o t h  e l e c t r i c a l  an 2g 
s t u n n i n g  a p p e a r  t o  lo w e r  p H . .  There  i s  room f o r  f u r t h e r _i n v e s t i g a t i o n _on t h e  n a X  

o f  t h e  e l e c t r i c a l  c u r r e n t  u s e d  i n  s t u n n i n g  and th e  p o s s i b i l i t y  t h a t  m i x tu r e  
t a i n i n g  oxygen  a s  w e l l  a s  CO, may be b e n e f i c i a l .  I n  t h e o r y  some method o f  neuro  
m u s c u l a r  b l o c k a g e  i s  d e s i r a b l e  i n  c o m b in a t i o n  w i t h  a s t u n n i n g  m e thod .  nd

I t  c o n t i n u e s  to  be t h e  g e n e r a l  v iew t h a t  p i g s  s h o u ld  be h a n d l e d  a s  humanely <- 

e f f e c t i v e l y  a s  p o s s i b l e  p r i o r  t o  s t u n n i n g .  At p r e s e n t  t h e r e  i s  no commercia l  i  # 
t i v e  t o  implement c o r r e c t l y  t h e  c u r r e n t  s t u n n i n g  methods  o r  to  d e v e l o p  new meo 

S t i c k i n g  s h o u l d  be p e r fo rm e d  a s  soon a s  p o s s i b l e  a f t e r  s t u n n i n g  r e g a r d l e s  . 
t h e  method o f  s t u n n i n g  u t i l i z e d .  I t  i s  n o t  c l e a r  w h e th e r  i t  i s  a  n e c e s s a r y  r e q  
ment f o r  e f f e c t i v e  b l e e d i n g  t h a t  t h e  h e a r t  c o n t i n u e s  t o  b e a t  a l t e r  s t u n n i n g .

Drugs can be a d m i n i s t e r e d  e x p e r i m e n t a l l y  wh ich ,  by c a u s i n g  r e l a x a . i o n ,  r e a  
t h e  s t r e s s e s  o f  s l a u g h t e r .  Magnesium s u l f a t e  may be b e t t e r  t h a n  c u r a r e - l i k e  r  -  
l a x a n t s ,  i n  t h i s  r e s p e c t ,  b e c a u s e  i t  h a s  an e f f e c t  on t h e  c e n t r a l  n e r v o u s  s y s t e ^
I n  p r i n c i p l e ,  w h e th e r  p r a c t i c a b l e  o r  n o t ,  s t u n n i n g  p r o c e d u r e s  s h o u l d  be d e ^ i g  -
to  m in im ize  m usc le  ATP-ase a c t i v i t y .
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,  Vmvp on t h e  i n c i d e n c e  o f  PSE p o s t
The e f f e c t s  which  s l a u g h t e r i n g  p r o c e d u r e s  ha

r e q u i r e  f u r t h e r  s t u d y .
ft

t r a n s p o r t  a n i m a l s  i n
f ^hither i n f o r m a t i o n  on t h e  c l i ^ ^ a ^ become a v a i l a b l e .  T h e i r  b lo o d
6sPonding t o  a d v e r s e  e n v i r o n m e n t a l  , ^ K E x c e s s  C0? i s  p r e d o m i -

d i b i t s  h i g h  PCOp, low PO , low b a s e  o f  e x c e s s  T a c t i c  a c i d
^ ‘ 1 , m e t a b o l i c  in o r i g i n  « ^ “ ^ " ^ h S c e d  r e s i s t a n c e  t o  h a n d l i n g  and t r a n s -  
'°® the  t i s s u e s .  I t  was sugge t h r o u g h  b r e e d i n g  programms.

* 1  s t r e s s e s  c o u l d  p e r h a p s  be u i  t r a n s p o r t  and h a n d l i n g  depend n o t  o n ly  on e 
Tt i s  c l e a r  t h a t  t h e  r e s p o n s e s  t o  t r a  P Qn t h e  s p e c i f i c  m u s c l e s  con 

f e s s  s u s c e p t i b i l i t y  o f  t h e  a n im a l  a s  a wh 1  ^  c a p a b i l i t y  o f  i n d i v i d u a l  mus
s e d  and e n d o c r i n e  p a r a m e t e r s  B o t h . d e t e r m i n e  w h e th e r  t h e  PSE condx-
tJes and t h e  d u r a t i o n  and s e v e r i t y  o f  p w i l l  be s u f f i c i e n t l y  d e p l e t e d  to
^  w i l l  d e v e l o p  and w h e th e r  g ly c o g e n  r e s e r v e s
ioduce DFD m e a t .  . f and h a n d l i n g  a r i s e s  d u r i n g  l o a d i n g

Tluch o f  t h e  s t r e s s  s u s t a i n e d  i n  r a n  P t i ve i n  p r e v e n t i n g  f i g h t i n g ,  s t r u g -
^ l o a d i n g .  T r a n q u iliz in g  d ru g s  may e “may r e duce t h e  i n c i d e n c e  o f  PSE,

and g e n e r a l  d i s t r e s s  a t  s uch  t i m e s ,  a  ^ w i d e s p r e a d  employment .
^ u r y and death. There are reservations against t h e : i n transport losses.  
s Over the l a s t  ten years there has bee patterns of management as pro-

reasons were suggested, including l a G P continuing operation of
£ ction units get larger,  the composition °f diets and colour brightness
Sui tabi l i ty.  Estimates of the l a t t e r  cured and cooked meat.
f tfce fresh pork and considerably higher t  a ^  ^  ^  factors in causing

4_ Hi-gh environmental temperature is one ° ' . . bl  ipS a number of improvements m 
S t h  during the transport of s t ress  susceptiole pigs. J  v;hich COuld be
- _ ___ ____ <- vr l Q Qll (TP'f

d u r i n g  t h e  t r a n s p o r t  o f  ^ S% ^ l u d i n g ° t h / u s e ’o f  c o n t a i n e r s  which c o u id  be 
P o r t  p r o c e d u r e s  was s u g g e s t e d ,  m c l u a i  6 d t o f a c t o r i e s  when th e  en~

r ^ d  un d e r  s t r e s s f r e e  c o n d i t i o n s  on far .ns  J J  d e v i d e n c e  f o r  seme
O m e n t a l  c i r c u m s t a n c e s  were f a v o u r a b l e .  T 1  /

of  a d r e n a l  i n s u f f i c i e n c y  i n  s t r e s s  s u s c e p ^ b l e  p i &s .

2 2 ® a w f r e s h a n d  p r o c e s s e d  p o rk  a c l c a r------------------- - . i  j v. _ +-q -nr e d i c t  meat  qua. 1 1  *
^s t 6!01,6 considering criteria whic cou ^  ^£T)ects of changing meat characters-
4.. otement was made of the firmly b «• b fall in muscle post mortem
1rCS durinS recent years. The rapidity an e* The role of muscle ATP-ases is
i ^ o s e i y  involved in the control of meat ^ ^ / a e n e i t i v i t y  of the muscle
0̂ t a n t  in this connection especialiy balance may effect the latter issue.

some p i g S t o  s t i m u l a t i o n .  The c o n t r o l  c - * s t r o n g l y  em phas ized  as  was t h e  f a c t
t j h? need t o  a s s e s s  consumer - - ^ P ^ ^ f S ^ l e a n  c o n t e n t  a p p e a r s  t o  be t h e  c r i t e 
r i a 1  i t  was r e g a r d e d  as  u r g e n t  m  1963 .  A g p r e f e r r e d ,  p a l e  i s  t o l e r a t e d ,  b u t  
the"1 m° St s o u g h t  by t h e  consum er .  P in k  o o io u r  P - tone c h a r a c t e r  i s  t h e  m a jo r

i s  some r e s i s t a n c e  a g a i n s t  d a r k n e s s .  ^ e b a b . ^ t w o  O p in io n  was d i v i d e d  a s  to  
ch!t 0 r  i n  r e s p e c t  o f  c o l o u r  c a u s i n g  consumer — 1  s e r i o u s n e S S  f o r  t h e  p r o -
iu im por tance  t o  t h e  consumer o f  w a t e r i n e s s ,  E

of canned products is clear.
The - - • • - • --------—p e-t-

Jr * oaiiOC U W ~------
"f ° f  canned p r o d u c t s  i s  c l e a r .  a« t - iY vn i tv  a p p e a r s  to  be d e m o n s t r a t e d  by

economic s i g n i f i c a n c e  o f  s t r e s s  f  ̂ ^ ^ ‘ ^ . “ s s o c i a t e d  w i t h  i t .  P r o -  
:eGsE c r e used  l o s s e s  i n  r e a r i n g  and i n  r a __P^ ^ e x c e p t  i n  c o u n t r i e s  and i n
l economic s i g m i i c a n o c  vx - - x x -  ;  , ,.,vi rh  a r e  a s s o c i a t e a  wiuu x t .  ^
e i n c r e a s e d  l o s s e s  i n  r e a r i n g  and m  r a  P f a c t o r  e x c e p t  i n  c o u n t r i e s  and i n  
r 0^lriS l o s s e s  ar e  a l e S S  s i g n i f i c a n t  econo^ p e r m i t t e d .  Consumer r e a c t i o n  does

lot UGts where t h e  a d d i t i o n  o f  phosp  a . b u t  d r i r , c o n s t i t u t e s  a p rob lem m  so 
;0w Ppear  to  be a m a jo r  f a c t o r  e conom ica l  f r e s h  p o r k .  Some w o rk e r s  have
f o ^ / i e s  w i t h  s u p e r m a r k e t  r e t a i l i n g  o f  p r e p a c k a g e d  f r e s h  po r  ^  o the rG
x UnT i o w____ „ „ „ - , „ „ 0  h o t t e r  m i c r o b i o l o g i c a l  k e e p i n g  quax

t h  s u p e r m a r k e t  r e t a i l i n g  o f  p r e p a c  a . q u a l i t y ,  and o t h e r s
^  low er  PIT v a l u e s  g iv e  b e t t e r  microbiological k e e p i n g ^ q u a l

p t e d o u t  t h a t  a  p o o r e r  s t a b i l i t y  was ° ° v a r i o u s  s e l e c t i o n  i n d i c e s  which
i , i ch c o n s i d e r a t i o n  was g iv e n  t o  t h e  v a l i d i t y  o s e „ 6 _p h o s p h a t e , ADP/ATP r a t i o
6i-et  t e  USed t o  Pr e d i c t  meat  ^ a l ± t y .  i I i phe d e g r e e  o f  c o r r e l a t i o n  w i t h  meat

. P rom inen t  among t h e  c r i t e r i a  cons • f. t n r ci i Y h i s h .  Moreover th o s e
i s  m o d e ra t e ,  however ,  r a t h e r ,  t h a n  s a  i s  a v & r i a b i l i t y *a c c o r d in g  t o  t h e  
d e p e n d a n t  on b l o o d  s a m p l in g  a r e  ^  f  o p i n i o n  as  t o  t h e  f e a s i b i l i t y

pl l a S t e c h n i q u e  u s e d .  T he re  was some d i f f e r e n c e  ox P
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o f  a p p l y i n g  s u c h  m e th o d s  when u n s k i l l e d  o p e r a t o r s  w e re  i n v o l v e d .  The n e e d  f o r  
s i m p l e r  m e th o d s  was  e m p h a s i z e d  a s  was t h e  d e s i r a b i l i t y  o f  e m p l o y i n g  a  s e l e c t i o n  
c r i t e r i o n  w h ic h  c o u l d  be  a p p l i e d  i n  v i v o .  A c o m b i n a t i o n  o f  two c r i t e r i a  m i g h t  
c r e a t e  b e t t e r  r e s u l t s .  C u red  m e a t  c o l o u r  i s  i m p o r t a n t  i n  s e l e c t i o n  s c h e d u l e s  i n  
some c o u n t r i e s .

E ven  i f  u l t i m a t e  q u a l i t y  w ere  n o t  a  p r o b l e m ,  t h o s e  o f  r e a r i n g ,  f a t t e n i n g  and 
t r a n s p o r t  j u s t i f i e d  c o n t i n u i n g  e f f o r t s  t o  e l u c i d a t e  s t r e s s  s u s c e p t i b i l i t y  and to 
s e e k  i t s  e l i m i n a t i o n .
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