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5 Q.- from LEEST J.A.
thème A 2 (suite)

1 )  I t  i s  g e n e r a lly  a cce p te d  th a t  s t r e s s  j u s t  b e fo re  s la u g h t e r  has an a d v e rse  
e f f e c t  on meat q u a l it y  because i t  enhances the a n a e ro b ie  breakdown o f g ly co g e n  
in  th e  m u scle  p o st mortem. How can i t  t h e r e fo r e  be e x p la in e d  th a t  in  the  b io p s y  
sam ples from s t r e s s e d  p ig s  no s ig n if ic a n t  c o r r e la t io n s  e x is t  between g ly c o g ly t ic  
m e t a b o lite s  and meat q u a l i t y  p aram e ters w h ile  th e se  do e x is t  in  sam ples from 
n o n -s t r e s s e d  a n im a ls  ?

R . -  The t im e - la g  between b io p s y  t a k in g  and s la u g h t e r in g  .

2) A re  d a ta  a v a i la b le  on the  m e t a b o lite  co n te n t in  the m u sc le s  a f t e r  s la u g h t e r  
and on pH and r ig o r  v a lu e  ?

Y e s , th e re  a r e . The le v e l  o f  the m e t a b o lite s  i s  m o s t ly  h ig h e r  ( 100 % )  than  
the  b io p s y  a n te  mortem. The r e la t io n  between th e se  p aram e ters and the  p o st 
mortem m e t a b o lite s  were b e t t e r  .

S Q . -  from BENDALL J .R .

Would D r SYBESMA ag re e  th a t  the tem p e ratu re  , a t  w h ich  the  b io p s y  sam ples 
a re  kept , i s  the  most im p o rta n t f a c t o r  d e te rm in in g  the  g lu c o s e -6 -P  l e v e l  ?

R . -  I n  my o p in io n  the  e x p e rim e n ts  gave too le s s  in fo r m a t io n  w ether k e e p in g  tim e 
o r te m p e ra tu re  a re  th e  most d e c is iv e  f a c t o r  .

I n  b e id e n  V o rtra g e n  wurde Uber den E in f lu ß  v e r s c h ie d e n e r  a n a ly t is c h e r  D aten 
a u f  d ie  Q u a l it ä t  des F le is c h e s  b e r ic h t e t ;  D a b e i wurde n ic h t  a u f d ie  u n te rs u c h te n  
Q u alitU tyn erkm ale  n a h e r h in g e w ie s e n . Würden S ie  b it t e  k u rz  e r lä u t e r n ,  um w elche 
M erkm ale des F le is c h e s  es s ic h  h ie r b e i  h a n d e lte  ?

R . -  45 m in u te s  p o st mortem m easurement o f tem p e ratu re
PH

r ig o r
24 h o u rs p o st mortem

-  v is u a l  e x a m in a tio n  ( s c o r in g )
-  t r a n s m is s io n  v a lu e  measurement ( H a rt )
-  r e f le c t a n c e  ( GUfo m easurem ent) .

S Q . -  from MONIN G.

Au co u rs  de vos e x p é r ie n c e s  , a v e z -v o u s  rem arqué des d if f é r e n c e s  de te n e u rs  
en in t e r m é d ia ir e s  g ly c o ly t iq u e s  du m u scle  l i é s  à des f a c t e u r s  g é n é tiq u e s  ou 
d 'é le v a g e  ( e n v iro n n e m e n t, mode d 'a l im e n t a t io n  e tc  . . . )  ?

R . -  I n  o th e r e x p e rim e n ts  we have n o t ic e d  d if f e r e n c e s  in  g e n e t ic a l  b ackg ro und  in  
re s p e c t  o f g l y c o l y t i c  in t e r m e d ia t e s  .
The r e la t io n  between the in t e r m e d ia t e s  and e n v iro n m e n t, fe e d in g  le v e l  e t c . ,  
was le s s  c le a r  .
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LA___3/

In  paper A 4 the  p r e fe r r e d  v o lta g e  i s  300 .
What i s  the  fre q u e n cy  ?
In  both p ap e rs A 3 and A 4 the f i n a l  meat q u a l i t y  does not seem to  be a ffe c te d  

by the  c o n d it io n s  used d u r in g  s t u n n in g , e xcep t o f c o u rse  fo r  b lo o d  s p la s h in g . In  
v iew  o f the r e s u lt s  r e p o r t e d , and in  numerous p re v io u s  p a p e rs , a re  the  a u th o rs  
p re p a re d  to recommend c o n d it io n s  fo r  e l e c t r i c a l  s tu n n in g  w hich a re  s a t is f a c t o r y  
from the p o in t  o f v iew  o f both te c h n o lo g y  and q u a l i t y  ? I f  n o t , can th e y suggest 
d e f i n i t iv e  e x p e rim e n ts  so th a t  we can d is p o s e  o f the  s u b je c t  once and fo r  a l l  .

R . -  The fre q u e n cy  used in  paper A 4 was 50 h e r t z  ( C y c le s / S e c ) .  T h is  i s  too w ide 
a q u e s t io n  to  be d e a lt  w ith  a d e q u a te ly  in  the  sh o rt  tim e a v a i l a b l e ;  i t  would be 
d e s ir a b le  to  seek th e  v iew s o f the  m ee tin g  on t h is  m a tte r , and to debate i t  at 
le n g th . (R e fe re n ce  may be made to  the  work o f M cL o u g h lin  who has dem o nstrated 
th a t  s tu n n in g  le a d s  to a low ered i n i t i a l  pH, f a s t e r  g l y c o l y s i s ,  low er pH u l t .  
and p o o re r meat q u a l i t y  compared to  the same p ara m e te rs  in  p ig s  s la u g h te re d  
w ith o u t s tu n n in g . A ls o  to  the work o f L IS T E R  and R A TCLIFF re ad  a t B r i s t o l  19 7 1  
w hich showed a s im i la r  improvment in  the  same p ara m e te rs  when p ig s  were not 
stu n n e d , but n a r c o t is e d  w ith  a l e t h a l  dose o f Mg4"4 . Thus i t  ap p e a rs to be in ­
h e re n t in  the  e l e c t r i c a l  s tu n n in g  p ro c e s s  th a t  some d e t e r io r a t io n  and lo s s  o f 
meat q u a l i t y  o c c u rs  as a r e s u lt  o f s t im u la t e d  a d r e n e r g ic  a c t i v i t y  .

S Q,- from RUBIN

5 Q . -  from BORZUTA K.

I s  the tim e 3 seconds o f a p p l ic a t io n  o f c u r r e n t  enough to  s tu n  w e ll  the pigs'?

R . -  P ig s  v a ry  w id e ly  in  t h e ir  in d iv id u a l  re sp o n se  to  s ta n d a rd  s tu n n in g  p ro c e d u re s , 
some a n im a ls  w i l l  re c o v e r  a degree o f a c t i v i t y  w it h in  3 seconds o f s tu n n in g  , 
w h ile  o th e rs  e x h ib it  a deeper n a r c o s is  and a re  f l a c c i d  up to  15 seconds or more 
( at the p o in t  o f b le e d in g ) .  We o b served  no o v e r a l l  d if f e r e n c e s  in  th e se  r e s ­
p e c ts  in  the  e x p e r im e n ta l p ig s  stunned e it h e r  fo r  3 seconds or 8 seconds or w ith  
h ig h  o r low fre q u e n cy  c u r r e n t  .

§ Q . -  from DEVEREUX J .

I s  the p ig  s u f f i c i e n t l y  stunned a f t e r  a p p l ic a t io n  o f c u r r e n t  fo r  3 seconds 
to  a llo w  s t ic k in g  to be c a r r ie d  out w ith o u t the a n im a l show ing s ig n s  o f re c o v e ry  •

R . -  see answ er to Dr BORZUTA K. (ab o ve) .

§ Q . -  KIDNEY A . J .

In  the h ig h  fre q u e n cy  e x p e rim e n ts  was the  c u r r e n t  used o f sq u a re  wave type 
( as d em o nstrated  a t our M ee tin g  in  H u n g ary) or o r d in a r y  s in e  wave ?

R . -  S in u s o id a l  c u r r e n t  was used .

j  Q . -  DUMONT B .L .

Q u e lle  peut ê t r e  la  n a tu re  du " s t r e s s "  r é a l i s é  p ar v o t re  a i g u i l l o n  é le c t r iq u e

R , -  The n a tu re  o f the s t r e s s  in d u ce d  by e l e c t r i c a l  s t u n n in g  i s  a m a tte r th a t  r e ­
q u ir e s  p h y s io lo g ic a l  in v e s t ig a t io n s  , e x is t in g  know ledge i s  c o n s id e r a b le  but tim e 
i s  too l im it e d  to  p e rm ite  a summing up o f t h is  m a tte r . S u f f ic e  i t  th a t  a d r e n e r g ic  
a c t i v i t y  ensues , w hich can e x e rt  a m ajo r e f f e c t  upon p o st mortem b io c h e m ic a l 
changes and meat q u a l i t y  .
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Was any d if f e r e n c e s  o b served  in  the n a tu re  o f the  c o n t r a c t io n s  ? D id  3 
seconds a t  50 c y c le s  g iv e  adequate s tu n n in g  ( D a n is h  e x p e r ie n c e s  su g g est th a t  
i t  does not ) .

R . -  See answer to q u e s t io n  by D r BORZUTA ( above) .
The f i t  in d u ce d  by e l e c t r i c a l  s tu n n in g  i s  s im i la r  in  i t s  e f f e c t s -w it h -  

drawe o f the h in d  lim b s  and t o n ic  c o n t r a c t io n  o f the  f o r e le g s  w h ich  a re  h e ld  
out s t i f f l y  d u r in g  and immediately a f t e r  p assag e o f the c u r r e n t  -  when u s in g  
h ig h  or low fre q u e n cy  c u r r e n t  .

thème A 3 (suite)

S Q.- from JUL M.

§ Q .-  from FROUIN

La fré q u e n ce  de 1300 c y c le s  e s t - e l l e  la  fré q u e n ce  optimum ou a - t - e l l e  é té  
p r is e  au h a s a rd  ?
Autrem ent d i t ,  l ' a u t e u r  c o n n a i t - i l  la  r e la t io n  c o n t in u e  e n tre  le  temps r e q u is  
e t la  fré q u e n ce  ?

xhe e x p e rim e n ta l work co ncern ed  the use o f two fr e q u e n c ie s  o n ly ,  and two 
p e r io d s  o f s tu n n in g . We do not have d a ta  to  e n a b le  a c u rv e  to be c o n s t r u c t e d , 
r e la t in g  th e se  s tu n n in g  p aram e ters to  haem orrhage .

5 Q . -  from SYBESMA

a ) s in c e  the s ta n d a rd  d e v ia t io n s  o f most o f the  q u a l i t y  c h a r a c t e r is t ic s  in  
group 7 B ( t a b le  2) were la r g e r  than in  7 A , w ould n ' t  i t  be more l i k e l y  th a t  
the s t r e s s  in  f a c t  r e s u lt e d  in  more PSE and DFD l i k e  c a r c a s s e s  ?

b) I t  would be u s e f u l  to d is c u s s  w hether the meat q u a l i t y  p ara m e te rs  used 
in  t h is  stu d y a re  the most a p p r o p r ia t e  ones .

R . -  I t  i s  t r u e  th a t  the SD v a lu e s  were w id er in  groups B than in  groups A. But 
no exam ples o f PSE were seen in  e it h e r  group ; and DFD meat was not s ig n i f i c a n t l y  
more e v id e n t  in  one group r a t h e r  than in  the o th e r . The p ara m e te rs  exam ined 
d r ip  ¿tnd c o lo r -  were exam ined because th e se  a re  q u a l i t y  f e a t u r e s  w h ich  a re  o f 
p rim e im p o rtan ce  in  r e t a i l i n g  meat .

S Q .-  from ROZIER

En d eho rs des c o n d it io n s  p a r t i c u l iè r e s  du c o u ra n t é le c t r iq u e ,  a v e z -v o u s  
é tu d ié  l ' in f l u e n c e  de la  durée e n tre  l 'a n e s t h é s ie  et la  s a ig n é e  su r la  fré q u e n ce  
des h é m o rra g ie s  m u s c u la ir e s  ?

R .-T h e  in f lu e n c e  o f the  d e la y  p e r io d  b e fo re  s t ic k in g  ( b le e d in g )  i s  g e n e r a lly  
c o n s id e re d  to  p la y  a m ajo r r o le  in  re g a rd  to h ae m o rrh ag in g  .

In  the e x p e rim e n ts  d e s c r ib e d  in  t h is  p a p e r, the  in f lu e n c e  o f t h is  d e la y  was o n ly  
exam ined in  c o n jo n c t io n  w ith  lo ng tim e o f s tu n  (8 -9  seco n d s) w ith  low fre q u e n cy  
( 50 c /  s ) c u r r e n t  ; under th e se  c o n d it io n s  the  in c id e n c e  o f haem orrhage in  the 
s h o u ld e r j o i n t s  was so h ig h  -  80 % -  th a t  in c r e a s e  o f th e  d e la y  p e r io d , from 12  
seconds to 15 seconds produced no f u r t h e r  e f f e c t  .

S Q . -  from TATUL0V
From yo u r p a p e r, can we draw the  c o n c lu s io n  th a t  the  fre q u e n cy  o f haem orrhage 

depends on the method o f e le c t r o s t u n n in g  and i t  does not depend on the  p re ­
s la u g h t e r  tre a tm e n t o f the a n im a ls  ?

R . -  T h is  does ap p ear to be the l o g i c a l  c o n c lu s io n  d e r iv in g  from the  r e s u lt s  o f 
t h is  work .
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P le a s e , r e p ly  to my q u e s t io n  :
A re su re  th a t  the low % re c o v e ry  o f g l y c o l y t i c  in t e r m e d ia t e  and p ro d u cts  ( i - e . ,  

la c t a t e  +  g lu c o s e  e t c . . . )  in  term s o f g ly co g e n  d isa p p e a re n c e  i s  not due to  a n a ly ­
t i c a l  e r r o r s  ?

(See t a b le  1)

R .-( f r o m  the  s e c r e t a r y )
On tro u v e ra  la  rép on se  à c e t t e  q u e s t io n  dans le  com m entaire que le  D r HAMM a 

f a i t  à propos des rem arques du Dr BENDALL dans son in t r o d u c t io n .

Note du s e c r é t a r ia t  : th e se  comments p a r t ly  r e p ly  to  the above q u e s t io n  o f Dr
BENDALL .
Comments o f D r Hamm on D r B e n d a l l ' s  in t r o d u c t o r y  rem arks c o n c e rn in g  the paper o f 
Hamm, D a lrv m p le  and H o n ik e l .

In  a l l  the  sam ples in v e s t ig a t e d  in  t h is  work and in  more re c e n t  e x p e rim e n ts ,
20 to 40 %  o f g ly co g e n  w h ich  had d is a p p e a re d , have not been c o n v e rte d  to  la c t a t e .  
T h is  p e rce n ta g e  v a r ie s  from m u scle  to m u sc le . As we m entioned on page 8 0 ( f i r s t  
w o rd s), one o f the sam ples showed e x c e p t io n a l v a lu e s  and sh o u ld  not be re g a rd e d . 
Even i f  we re g a rd  a l l  m e t a b o lite s  o f the  g l y c o l y t ic  c i r c l e  and a ls o  f r e e  g lu c o s e , 
° n l y  65 to 88 7» o f the g ly co g e n  w h ich  d isa p p e a re d  were co n v e rte d  to la c t a t e  and the 
o th e r m e t a b o lit e s .  Of c o u rs e , we lo o k e d  on the e r r o r  in  the d e te r m in a t io n s  o f g ly ­
cogen, la c t a t e ,  g lu c o s e  and hexosep ho sp hates but the  e r r o r s  a re  q u it e  s m a ll and do 
not e x p la in  the d is c r e p a n c y  o b se rv e d . A p a rt  o f the d is c r e p a n c y  i s  due to  the f o r ­
m atio n o f  fre e  g lu c o s e . I t  m ig h t be d i f f i c u l t  to id e n t i f y  the  re m a in in g  10 to  30 % 
because t h is  f r a c t io n  can c o n s is t  o f many d if f e r e n t  compounds and not o n ly  by ju s t  
one, w h ich , as Dr B e n d a ll p o in t s  o u t , cannot have escaped d e t e c t io n  by modern ana­
l y t i c a l  m ethods.
The r a t e  o f g l y c o l y s is  in  m u scle  post mortem depends on the  r a t e  o f  breakdown o f 
ATP. In s o f a r  I  a g re e  c o m p le te ly  w ith  D r B e n d a ll.  We d id  not m en tio n  i t  because 
everybody w o rk in g  in  t h is  f i e l d  sh o u ld  know t h a t .  I t  i s  a n o th e r q u e s t io n ,h o w e v e r , 
in  w hich way g l y c o l y s is  i s  co u p le d  w ith  ATP h y d r o ly s is  and a t w h ich  ste p s  g ly c o ­
l y s i s  i s  c o n t r o lle d .  From the r e s u lt s  o f us and o th e r in v e s t ig a t o r s  i t  can be con­
c lu d e d  th a t  the p h o s p h o fru c to k in a s e  ste p  i s  c o n t r o l l in g  the  r a t e  o f g l y c o l y s i s .
Of c o u rs e , t h is  ste p  i s  c o n t r o lle d  by the ATP c o n c e n tr a t io n  in  the  t is s u e .  In  
meat re s e a r c h  we sh o u ld  lo o k  not o n ly  on f r e s h  meat but a ls o  on p r o c e s s in g  o f m eat. 
By c e r t a in  a d d it iv e s ,  e .g .  by in o r g a n ic  d ip h o s p h a te , the  r a t e  o f ATP breakdown in  
comminuted t is s u e  p o st mortem i s  in c r e a s e d  but the p h o s p h o fru c to k in a s e  ste p  i s  

b lo ck e d  and , t h e r e f o r e , the norm al p o st mortem g l y c o l y s is  i s  changed. Now l e t  me 
come to our e x p e rim e n ts  in  w hich we immersed m u scle  s t r ip e s  in  d if f e r e n t  m ed ia . I f  

I u n d e rtan d  D r B e n d a l l 's  in t r o d u c t o r y  rem arks r ig h t , h e  t h in k s ,  th a t  the im m ersion 
of s t r ip e s  le a d s  to  u n p h y s io lo g ic a l , a r t i f i c i a l  c o n d it io n s .  Our s l i c e s  o f 1 , 5  to 
2 mm t h ic k n e s s  c o n t a in  a c e r t a in  p ro p o rt io n  o f in t a c t  m u scle  f ib r e s  w h ich  were 
su rrou nd ed  by s a l t  s o lu t io n s  o f  p h y s io lo g ic a l  c o n c e n tr a t io n s  s im i la r  to  the  ones 
in  a whole p ie c e  o f m u sc le . As o ur e x p e rim e n ts  show, t h is  im m ersio n  in  d if f e r e n t  
'fiedia d id  not a f f e c t  the ATP breakdown in  the same m anner. T h e re  a re  d if f e r e n c e s .  
A l k a l i  s a l t s  and t r i s  s o lu t io n s  show v e ry  s m a ll d if f e r e n c e s  w hereas Mg o r Ca 
s a l t s  cau se  re m a rk a b le  e f f e c t s .  We want to em p asize  th a t  we have an in  v i t r o  
system  w hich a lw a y s  la c k s  the r e a l  c o n d it io n s  w it h in  the in t a c t  c e l l .  But l i k e  
a l l  s c i e n t i f i c  ap p ro aches to the pro blem s in  the in t a c t  c e l l  ( in c lu d in g  D r S c o p e 's  
e* p e rim e n ts  w ith  a r t i f i c i a l  m ix tu re s  o f enzymes and s u b s t r a t e s )  th e y  g iv e  h in t s  
*-o the r e a l  c o n d it io n s .  D r. B e n d a ll,  to o ,u se d  m u scle  s t r ip e s  submerged in  a b ath 
fo r h is  e x p e rim e n ts  on c o ld  s h o r te n in g . These a re  a ls o  in  v i t r o  c o n d it io n s  from 
wh ic h  c o n c lu s io n s  c o u ld  be drawn .

/ A 5/
S Q.- from BENDALL
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thème A 5 ( s u it e )

Erganzende Bem erkunlengen zum B e it r a g  H a m m /D a lrv m p le /H o n ike l ( P a r is )

In  o rd e r to e n su re  th a t  the io n s  and the  m o le c u le s  in  the in c u b a t io n  medium 
a re  p e n e t r a t in g  in t o  the  c e l l s  we checked the in t a k e  o f EDTA and o f the  in h ib it o r  
q u in id in e  s u lf a t e  by the m u scle  s l i c e s .  Fo r t h is  e xp erim e n t we m easured the con­
c e n t r a t io n  in  the m u scle  at 6 h o u rs a f t e r  death in  co m p ariso n to the c o n c e n tr a t io n  
used in  the in c u b a t io n  medium. W it h in  the c e l l s  the same c o n c e n t r a t io n s  o f EDTA 
and q u in id in e  s u lf a t e  were found as in  the in c u b a t io n  medium.
The in c u b a t io n  e x p e rim e n ts  re p o rte d  in  our paper were c a r r ie d  out in  0 .1 0  to 0 .1 7  M 
t r i s  b u f f e r .  These  c o n d it io n s  p ro v id e d  a f a i r l y  c o n s ta n t pH o f about 7 d u r in g  the 
w hole tim e o f in c u b a t io n  . As we r e c e n t ly  fou nd, the e f f e c t  o f c e r t a in  c a t io n s  on 
th e  ATPase a c t i v i t y  in  m u scle  s l i c e s  i s  much more pronounced i f  0 .0 5  M t r i s  b u ffe r  
o r no b u f f e r  a re  used , i . e .  i f  the pH drops d u r in g  the breakdown o f ATP as i t  i s  
n o rm a lly  the case  in  the m u scle  post mortem. As the s l id e  shows, w ith  N a C l and a ls o  
K C l ( not in d ic a t e d  in  t h is  t a b le )  no s ig n i f ic a n t  d if f e r e n c e  in  the r a t e  o f ATP 
h y d r o ly s is  between b u ffe re d  and u n b u ffe re d  m edia c o u ld  be o b se rv e d . W ith  M gCl„, 
how ever, a r a p id  f a l l  o f pH caused a more r a p id  breakdown o f ATP than a t  n e a r ly  
c o n s ta n t  pH . T h is  e f f e c t  i s  even more o b v io u s w ith  C a C l^ . C a C l^  in  th e  in c u b a t io n  
medium b u ffe re d  w ith  0 . 1  M t r i s  cau sed a breakdown o f ATP w it h in  7 h o u rs ; 
w ith  0 .0 5  M t r i s  , where the b u f f e r in g  e f f e c t  i s  v e ry  w eak, the ATP d isa p p e a re d  
w it h in  a b o u t2 .5  h o u rs . The r a p id  d e cre a se  in  pH seems to s t im u la t e  the  A T P a se - 
a c i t v a t in g  e f f e c t s  o f  C a C l2 and - t o  a le s s e r  e x t e n t - o f M gCl2 .

An in t e r e s t in g  e f f e c t  i s  o b ta in e d  w ith  f a i r l y  h ig h  c o n c e n t r a t io n s  o f  C a C l2 .
0 .3 5  M C a C l e x h ib it e d  a v e ry  r a p id  breakdown o f ATP . The pH in  the same sam p le, 
how ever, s t a y s  f a i r l y  c o n s ta n t  (pH 7 .0  to  6 .9 )  o ve r the  w hole 24 h o u rs p e r io d  o f 
in c u b a t io n . Dr D a lry m p le  o b serve d  in  our la b o r a t o r y  th a t  c o n c e n t r a t io n s  o f 0 . 1  M 
C a C l and h ig h e r  shu t o f f  the breakdown o f g l y c o l y s i s  in  the  c e l l .  T h e r e f o r e , no 
la c t a t e  i s  p ro d u ced . T h is  means th a t  no ATP can be r e s y n t h e s iz e d  by g l y c o l y s i s .  
S o , t h is  e xp erim e n t in d ic a t e s  the amount o f ATP in  tne c e l l  a t a tim e s h o r t ly  
a f t e r  death  and the breakdown by an A TP ase. A c c o rd in g  to t h is  r e s u l t ,  the drop 
o f pH in  m u scle  post mortem i s  m a in ly  due to  g l y c o l y s i s  .

Comments of Dr Hamm (suite)

§ Q . -  from LACOURT

P e n se z -v o u s  q u ' i l  p u is s e  e x is t e r  d 'a u t r e s  v o ie s  de r é d u c t io n  du NAD que la  
g ly c o g é n o ly s e  et le  c y c le  de K re b s (en p a r t i c u l i e r  le  " a  g ly co g é n o -p h o sp h a te  
s h u t t le  system  " ?

P e n se z -v o u s  que ce systèm e p u is s e  fo n c t io n n e r  de faço n n o ta b le  dans le  muscle 
p o st mortem ?

R . -  We have not y e t  looked on the im p o rtan ce  o f  such system s post mortem .

§ Q. -  from KRE0ZER

S ie  b e r ic h t e n , daß 0 ,0 5  M MgCl und 0 ,0 3  M C a C l e in e n  s t a r k  a k t iv ie r e n d e n  
E f f e k t  a u f d ie  A T P -H y d ro ly s e  ausUben. Wurde schon der E in f lu ß  ä h n l ic h e r  Z n C l2 
-  K o n c e n tra t io n e n  a u f d ie  A T P -H y d ro ly s e  g e p ru tt  ?

j j
R . -  W ir  haben d ie s e n  E in f lu ß  noch n ic h t  s t u d ie r t .  D ie  W irku n g  von Zn -  Io nen 
a u f  d ie  A T P a s e -A k t iv it a t  i s o l i e r t e r  m y o f i b r i l l a r e r  P ro t e in e  (M y o s in ,A c to m y o sin ) 
wurde von and eren A u to ren  u n t e r s u c h t . S tu d ie n  Uber d ie  W irku n g  von Zn~' a u f 
den ATP-Abbau im M uskelgewebe po st mortem s in d  m ir  n ic h t  e r in n e r l ic h  .
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1  Q .-  from LEEST J .A .

1 )  In  the e x p e rim e n ts a c o n s id e r a b le  d if f e r e n c e  was found in  the developm ent
o f r ig o r  between s la u g h te rh o u s e s . I s  th e re  any in d ic a t io n  to what e x te n t s la u g h t e r ­
in g  p ro ce d u re s  may be r e s p o n s ib le  ?

R . -  D if f e r e n c e s  between s la u g h te rh o u s e s  and the o r ig in  o f the  p ig s  can not a lw a y s  
be s e p a ra te d . Th e re  i s  e v id e n c e  th a t  the regim e b e fo re  and d u r in g  s la u g h t e r in g  
( t r a n s p o r t  , s tu n n in g  a re  o f im p o rta n ce ) .

2) From t a b le  2 can be seen th a t  a l l  r ig o r  c la s s e s  a re  p re se n t in  a l l  fo u r 
q u a l it y  sco re  g ro u p s. Can you g iv e  us in fo rm a t io n  about the r e la t io n s h ip  between 
r ig o r  v a lu e  ( m easured a p p r. 45 m in u te s  po st mortem) and meat q u a l it y  s c o re  ?

R . -  Les extrêm es se to u chent ( PSE and DFD) .

S t i f f n e s s  can o ccu r in  c a r c a s s e s  w hich g iv e  a l l  k in d  o f q u a l i t y  . However 
most s t i f f  c a rc a s s e s  produce PSE meat .

/ A 7/

/  A 9/

S Q .-  from SYBESMA
The d a ta  su g g e sts  th a t  PSE meat m ight be le s s  te n d e r .
Would i t  be p o s s ib le  by s t a r t in g  the v e ry  q u ic k  c h i l l i n g  a t a much e a r l i e r  

moment po st mortem, to im prove te n d e rn e ss  ( by s lo w in g  down p o st mortem m etabo­
l is m )  w ith o u t c a u s in g  d e cre a se  in  te n d e rn e ss  by c o ld  c o n t r a c t u r e  .

R . -  We have found th a t  PSE meat i s  le s s  te n d e r than norm al meat and le s s  te n d e r 
than DFD m eat.
In  our e x p e rim e n ts , re p o rte d  in  the p a p e r, th e re  was a tim e la g  o f two h o u rs 
between b le e d in g  and c h i l l i n g  w i l l  be much s h o r t e r .  I  cannot p r e d ic t  the r e s u l t s .

§ Q . -  JUL M.
Was i t  e s t a b lis h e d  i f  the s p l i t t i n g  o f the c a r c a s s e s  in  i t s e l f  had any 

in f lu e n c e  on tou ghness ?

R . -  T h is  i s  not e s t a b lis h e d  d i r e c t l y  .
From o th e r e x p e rim e n ts , c a r r ie d  out by u s , i t  appeared th a t  the c h i l l i n g  r a t e  
was s i g n i f i c a n t l y  in c r e a s e d  by s p l i t t i n g  o f the c a r c a s s ,  so I  su sp e c t th a t  th e re  
w i l l  be an e f f e c t  on te n d e rn e ss  .
The r i s h  fo r  c o ld  s h o r te n in g  i s  le s s  fo r  a w hole c a r c a s s .

/  A 10 /

S Q . -  RANK.EN M.D.

M easurem ents o f e l e c t r i c a l  co n d u ctan ce  u s in g  a probe have been shown to be 
r e la t e d  to tou ghness in  t u r k e y s  (RANKEN & SHRIMPTON,19 6 8 ; HAIGH & STADELMAN 19 7 0 ). 
The m easurem ents a re  d i f f i c u l t  to in t e r p r e t  but v e ry  e a sy to  make. Ih e y  a re  in s ­
ta n ta n e o u s and n o n -d e s t r u c t iv e .  Have you c o n s id e re d  t h is  p o s s i b i l i t y  ?

R . -  I t  would be in t e r e s t e d  to see w hether r e la t io n s h ip  do e x is t  in  p ig s ,  P a r t i ­
c u l a r l y  in  v iew  o f the in d ic a t io n  p re se n te d  in  paper A 9 (D r MOERMAN) th a t  PSE 
meat m ight be more tough .

S Q. LEEST J .A .
1 )  R ig o r  v a lu e  o n ly  shows a r e l a t i v e l y  w eak, but n e v e r th e le s s  s ig n i f ic a n t  

c o r r e la t io n  ( 0 ,3 2  ** ) w ith  p e rce n t t r a n s m is s io n . I s  the in f lu e n c e  o f t h i s  v a r ia b le  
in  p r e d ic t in g  u lt im a t e  meat q u a l i t y  so s m a ll,  th a t  i t  i s  not u s e f u l  to  m easure i t  ?
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I f  n o t , t h i s  seems to be in  c o n t r a d ic t io n  to the im p o rtan ce  th a t  i s  a t t r ib u t e d  
to  t h e * r ig o r  v a lu e  by SYBESMA and h is  c o -w o rk e rs  as a u s e f u l  so u rce  o f in f o r ­
m atio n  .

r __ I  t h in k  i t  i s  u s e f u l  to  m easure r ig o r  w ith  the method a c c o rd in g  to SYBESMA.
In  our stu d y  a p p r. 60 7= o f  the  c a r c a s s e s  w h ich  were in  r ig o r  a t 45 m in u te s  post 
mortem tu rn e d  out to be PSE a t  24 h o u rs  post mortem . By c a r r y in g  out a pH mea­
surem ent on th e se  p r e s e le c t e d  c a r c a s s e s  one can in c r e a s e  the a c c u ra c y  o f the 
p r e d ic t io n  and a ls o  d is c r im in a t e  between PSE and DFD meat .

2) In  y o u r in t r o d u c t io n  you s t a t e  th a t  e a r ly  p o st mortem d e t e c t io n  o f p o t e n t ia l ly  
abnorm al m u scle  q u a l i t y  i s  im p o rta n t because i t  a llo w s  the p ro c e s s o r  to  s u b je c t  
th e se  c a r c a s s e s  to a d if f e r e n t  post mortem tre a tm e n t .
Do you know w ether s o r t in g  o f p ig  c a r c a s s e s  on e a r ly  post mortem m easurem ents i s  
a p p lie d  in  p r a c t ic e  ? I f  y e s , how does t h is  s o r t in g  ta k e  p la c e  and what ty p e s o f 
meat p ro d u c ts  a re  m an u factu re d  from the  d if f e r e n t  k in d s  o f c a r c a s s e s  ?

R . -  I  d o n 't  know o f a p la c e  where th e se  m easurem ents a re  a p p lie d  in  p r a c t ic e  but 
th e re  e x is t  in t e r e s t  among meat p a c k e rs  fo r  developm ent o f methods w hich can be 
used.

3 ) How does management cope w ith  the problem  o f u n p r e d ic t a b le  d a i l y  v a r ia ­
t io n s  in  meat q u a l i t y  in  r e la t io n  to  p ro d u c t in g  p la n n in g  ?

K . -  T h is  i s  a q u e s t io n  o f management. The q u e s t io n  i s  w ether th e se  d a i l y  v a r ia t io n s  
w i l l  re m ain  u n p r e d ic t a b le  a f t e r  c a r e f u l  a n a ly s is  .

4 ) What i s  y o u r o p in io n  on the  e co n o m ica l im p o rtan ce  o f abnorm al meat q u a l i t y  •

I . -  Dr L e e s t ,  who r a is e d  the q u e s t io n ,h a s  p re se n te d  some y e a r s  ago a stu d y in  
w h ich  he e s t im a te d  the lo s s  to  in d u s t r y  to be c o n s id e r a b le  . Some methods have 
been d evelo p ed  in  meat te c h n o lo g y  to re d u ce  th e se  lo s s e s  such as the  use o f 
p o ly p h o sp h a te s. I f  however the use o f th e se  a d d it iv e s  w i l l  be r e s t r ic t e d  the 
problem  w i l l  be more s e r io u s  as i t  has e v e r been, s in c e  s e le c t io n  in  p ig  b re e d in g  
i s  s t i l l  g o in g  fo rw a rd s tow ards more m u sc u la r a n im a ls .

On the o th e r hand th e re  i s  the r e la t e d  problem  o f p ig s  d ie in g  d u r in g  t r a n s p o r t  as 
a consequence o f s t r e s s .  In  s p it e  o f e f f o r t s  to m in im iz e  the  s t r e s s  t h e ir  p er 
ce n ta g e  i s  in c r e a s in g  a ls o  each y e a r .  POHLCHRISTOPH d e te rm in ed  some y e a r s  ago 
the econom ic lo s s  as a r e s u lt  o f th e se  deads o n ly  in  Germany to be 56 m i l l io n s  D M.

thème A 10 (suite)

/  A 1 1 /

§ Q . -  from DUMONT B .L .

W hich c o u ld  be the e f f e c t  o f co n fo rm a tio n  in  the  ca se  o f y o u r d if f e r e n t  
tre a tm e n t upon te n d e rn e ss  ?

r . -  In c r e a s e s  in  c o n fo rm a tio n , as th e y  r e la t e  to in c r e a s e s  in  m u s c le -to -b o n e  
r a t io  a n d /o r  fa t n e s s  , would :

a ) p ro b a b ly  d e cre a se  the e x te n t o f c o ld  s h o r te n in g  b ecau se  both would s e rv e  to 
in s u la t e  the i n t e r i o r  o f the m u scle  and th u s m in im iz e  te m p e ra tu re  sh o ck  .

b) p ro b a b ly  d e cre a se  the e f f e c t s  o f v e r t e b r a l  o r ligam entum  s e v e ra n c e , in  as 
much as in c r e a s e s  in  m u s c lin g  a n d /o r  f a t n e s s  would s e rv e  to su p p o rt the c o n f i ­
g u r a t io n  o f  the m u scle s and p re v e n t ( in  p a r t )  the  e f f e c t  o f g r a v it y  o r w eig h ted  
lo a d s  on m u scle  e lo n g a t io n .

c )  have l i t t l e  e f f e c t  on the t e n d e r iz in g  e f f e c t s  o f o b t u r a t o r  foram en s u s ­
p e n s io n , e xp ect as the a n g le  a c r o s s  the Q u a d ric e p s  fe m o ris  m ig h t be changed. I f  
the  a n g le  i s  d im in is h e d  the e f f e c t  would u n d o u b te d ly  be le s s e n e d , a llo w in g  
g r e a t e r  s h o r te n in g  o f sarco m ere s in  the h in d  le g  and l o in  and th u s d e c r e a s in g

u lt im a t a  te n d e rn e s s .



thème A 11 (suite)
§ Q . -  from BARNES T . J .

S h o u ld  the f r e s h ly  d re sse d  b e e f c a r c a s s  be p la c e d  in  c h i l l  room im m e d ia te ly , 
or hung a t  a tm o sp h e ric  te m p e ratu re  fo r  the f i r s t  24 h o u rs b e fo re  r e f r ig e r a t io n  in  
o rd e r to o b t a in  a more p a la t a b le  and te n d e r p ro d u ct .

R . -  Our s t u d ie s  in d ic a t e  th a t  sto ra g e  o f the c a r c a s s  a t  16 °C  f o r  16 to 20 h o u rs 
im m e d ia tly  post mortem in c r e a s e s  te n d e rn e ss  as much as 47 7« and as 7 70. Subsequent 
s to ra g e  o f c a r c a s s e s  a t 2 °C  f o r  5 to 1 1  d ays su g g e sts  th a t  t h is  ad van tag e in  te n ­
d e rn e ss d im in is h e s  d u r in g  subseq uent a g in g  .

5 Q . -  from DUMONT B .L .
W hich was the in f lu e n c e  o f the d if f e r e n t  tre a tm e n ts  on te n d e rn e ss  o f o th e rs  

m u scle s, s p e c ia l l y  in  the f o r e q u a rt e r  ?

R . -  Numerous a d d it io n a l  m u scle s have been in v e s t ig a t e d  in  s e v e r a l  o f th e se  s t u d ie s .  
The e f f e c t  o f v e r t e b r a l  se v e ra n ce  in  th a t  o f  in c r e a s in g  the te n d e rn e ss  o f th e  T r i ­
ceps b r a c h i i  and L a t is s im u s  d o r s i . S e v e ra n ce  o f  the Ligamentum nuchae in c r e a s e s  the 
te n d e rn e ss  o f most o f the  n e ck  m u scle s  ( e .g .  S te rn o h y o id e u s  and T r a p e z iu s ) .S u s ­
p e n sio n  v ia  the  o b tu ra to r  foramen in c r e a s e s  the te n d e rn e ss  o f the c u s h io n  m u scle s  
of the  round ( e .g .  S e m ite n d in o su s  and B ic e p s  fe m o r is ) a p p ro x im a te ly  15 to 35 7«, but 
d e cre a se s  the te n d e rn e ss  o f th e  Psoas m ajo r and Q u a d ric e p s  f e m o r is . The l a t t e r  
M u scles a re  te n d e r enough, how ever, to  re m ain  a c c e p ta b ly  te n d e r even when some s h o r­
te n in g  i s  a llo w e d . E le v a t e d  s to ra g e  te m p e ra tu re s in c r e a s e  the te n d e rn e ss  o f th o se  
M u scles w hich a re  le s s  f ir m ly  a tta c h e d  a n d /o r  le s s  w e ll  in s u la t e d  by f a t  ( e .g .  
Cutaneous t r u n c i  ) to  a g r e a t e r  e x te n t th an  i s  dem o nstrated fo r  the L o n g is s im u s  
d o r s i  m u scle  .

S Q . -  from PATTERSON J . T .
Have m ic r o b io lo g ic a l  s t u d ie s  been c a r r ie d  out when the c a r c a s s e s  were c h i l l e d  

at 16 °C  r a t h e r  than a t 2 °C  and i f  so what were the r e s u lt s  ?

R . -  Y e s .
M e so tro p h ic  and p s y c h ro t r o p h ic  co u n ts have been o b ta in e d  from the m u scle  and 

fa t  s u r f a c e s  o f c a r c a s s e s .  C h i l l i n g  o f c a r c a s s e s  a t  16 °C  fo r  16 to  20 h o u rs in ­
c re a s e s  th e  m e so tro p h ic  c o u n t, but d e c re a se s  the p s y c h ro t r o p h ic  count m easured a t 
24 and 96 h o u rs , r e s p e c t iv e ly .  Our p re se n t h y p o t h e s is  i s  th a t  the  h ig h  i n i t i a l  
tem p e ratu re  in c r e a s e s  the r a t e  o f m esotrophs and the subseq uent c o m p e tit io n  from 
me so tro p h s  d e la y s  the  growth o f p s y c h ro t ro p h s . E x te n d  o f round " s o u r in g "  h as been 
d eterm in ed  and in v o lv e s  le s s  than 1 7« o f the c a r c a s s e s  in v e s t ig a t e d .  I f  e it h e r  
Problem  ( s u r f a c e  growth o r so u r ro u n d s) o c c u r s , c o n t r o l m echanism s a re  a v a la ib le  
( r in s in g  w ith  200 ppm o f c h lo r in e  or in je c t io n  o f C0„ in t o  th e  a ce ta b u lu m , r e s -  
P e c t iv e ly  ) . 2

$ Q . -  from WISMER-PEDERSEN

Have you found any e f f e c t  o f o b t u r a t o r  foramen s u s p e n s io n  o f c o o k in g  lo s s  o f 
the meat on h e a t p r o c e s s in g  ?

A lth o u g h  e x t e n s iv e  s t u d ie s  have been co m p lete d , no in c r e a s e  in  c o o k in g  lo s s  
has been a s s o c ia t e d  w ith  s u s p e n s io n  o f the c a r c a s s  by the o b t u r a t o r  foram en .
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