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Introductory remarks to Rapport Principal - thkme général A

Bendall, J.R.

Heat Research Institute, Langford, England.

I would like to begin by outlining once more the fundamental basis 

of the rigor process in skeletal muscle. I consider this necessary in view 

of the nature of the contributions to this session, several of which tend to 

confuse rather than clarify the main problems.

The rigor process consists of all those biochemical reactions which 

bring about the physical changes in muscle structure and consistency, from 

the highly extensible, contractile, gel-like state of living muscle to the 

rigid, non-extensible, non-contractile state of 'dead* muscle. These changes, 

although complex enough, are far simpler than those which occur in the 

muscles of a living animal, because during rigor the blood supply to the 

muscles has of course been cut off and therefore all the changes take place 

under anaerobic conditions, except on surfaces exposed to air. Thus in the 

bulk of the musculature the main post-mortem processes are reduced to the 

steady turnover of ATP and its resynthesis from phospho-creatine and from 

the reactions of the glycolytic cycle (the phosphoglycerate- and pyruvate- 

kinase steps). The loss of ATP when these sources of resynthesis are almost 

exhausted is the immediate cause of rigor stiffening, as discussed in detail 

in my report. This is indeed the main physical change, accompanied under 

certain conditions by varying degrees of contracture which, as we have slowly 

learnt over the past ten years, can have serious effects on the consistency 

of moat, particularly on it3 tenderness



The last step in glycolysis is the formation of lactate, accompanied by 

fall of pH, one H ion being released per lactate ion formed. In normal meat 

animals, the muscle pH falls from about 7.2 in the living muscle to an ultimate

value of 5.4-5.9 in rigor muscle. This pH fall towards the isoelectric point

(5.4) of the structural proteins, actin and myosin, is largely responsible for 

further changes in muscle consistency, particularly for the shedding of osmotically 

held water from the actomyosin filaments. This causes a change from a firm gel­

like consistency to a flaccid one and to a very marked increase in the amount of

fluid which can be pressed out of the muscle fibres, mostly through their cut 

ends. The low pH also brings about denaturation of muscle proteins, particularly 

the sarcoplasmic proteins, creatine kinase and phosphofructokinase and the 

myofibrillar proteins of the actomyosin complex, together with proteins of the 

sarcolemmal membrane. The denaturation i3 highly pH and temperature dependent, 

hut will nevertheless occur in time under all conditions of storage, however 

slowly. Its effect on consistency is to increase the shedding of firmly bound 

water and thus the amount of drip fluid, a phenomenon easily observed during 

storage of small meat packs in supermarkets.

I must now emphasise the most important point of all from the biochemical 

point of view: it is the turnover rate of ATP which determines the rates of all 

the other biochemical reactions during rigor and which also determines the rate 

and degree of muscle contracture. I will now adduce the reasoning behind this 

statement;

1. In a closed system of this sort, where the total adenine nucleotide level 

is constant, no PC nor glycolytic intermediates can break down unless the 

Product of ATP turnover, ADP, is continually produced as acceptor of phosphate 

from these sources.

2. Jven during the fastest observed rates of post-mortem pH fall and of ATP 

turnover, the glycolytic system is fully capable of keeping up with the demand 

ior A.TI- resynthesis, providin’- a supply of PC is present to act as an 1 ATP—'buffer1. 

This is proved by the classical experiments of the Cori's who showed that



glycolysis was stimulated after a contraction to more than 200 x the resting 

rate. Hence it is a waste of time to search for rate—determining steps within 

the glycolytic pathway itself. This is further proved by the fact that the 

post-mortem build-up of glycolytic intermediates is always very small, even 

in extreme cases amounting to less .than 8 pmole/g, compared with a 'global' 

turnover of 150-170 Mmole of ATP and a formation of 100 Mmole of lactate and 

of 35-40 (.mole of

3. The experimental proof of points 1 and 2 is provided by Dr. R.K. Scopes' 

(Scopes, 1973 in press) recent work on reconstituted glycolytic systems, 

starting with highly purified enzymes. If no ATP-ase was present, but only 

glycogeL, ATP, creatine and phosphate, lactate was produced and PC was formed 

until all the creatine was phosphorylated, the latter being accompanied by a 

slight fall of pH of about 0.2 units. When however an ATP-ase was later 

added, PC was broken down and glycolysis proceeded normally until the ATP 

and glycogen supplies were exhausted, H ions now being produced in proportion 

to the lactate formed to give a normal pn fall of about 1.2 units.

Sven with large amounts of ATP-ase present the accumulation of intermediates 

was quite small, showing that none of the glycolytic reactions were truly rate- 

lirdting.

accepting therefore that the true rate-determining step in glycolysis in 

dying muscle is the ATP-ase activity, we know that this activity, like the true 

resting ATI-turnover rate in living muscle, is only about l/300th of the maximal 

activity during a living contraction. Because the p03t-mortem rate is so low, 

it becomes very difficult to identify with certainty the ATP-ases which are 

responsible. This is particularly so because any distburbance to the intact 

muscle is liable to trigger Ca-reloase from the sarcoplasmic reticulum and 

thus stimulate the powerful contractile ATP-ase of actomyosin. For example, 

lowering the temperature below 10°C has this effect in most muscles, often 

also causing cold-contracture, as discussed in the main report. Hven the 

preparation of thin muscle strips from an intact muscle, particularly if they
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are immersed in a fluid medium, will lead to a doubling of the turnover rate.

For tnis reason I am doubtful whether the methods employed by Dr. Hamm and 

collaborators in paper A5 really nelp us very much in identifying the resting 

ATP-ases.

Another approach to the problem is to consider the temperature coefficients 

(Q ) of tne various ATP-sses known to exist in muscle, and compare them with 

the Q10o of 1.75 for the rigor process in the temperature range 25-35° where 
there are no complications due to contracture. The contractile actomyosin ATP-ase, 

stimulated by Ca—release, and also the ATP-ase which drives the Ca—pump itself 

both have Q Qo values of 5.9 or higher and nence can be ruled out as being 

active in the resting muscle, except at extremely low levels. On the other 

hand, myosin ATP-ase in the presence of Mg ions only (as in resting muscle) has 

a coefficient of about the ri£tt order (1.8) and moreover, shows at 35° a 
specific activity of about l/250th of that of the actomyosin enzyme, similar 

to the relative activity during rigor, hence this enzyme alone would account 

for all the observed activity in normal resting muscle. At present therefore 

it seems the most satisfactory suggestion.

Apart from the nature of the true slew resting ATP-ase, we are presented 

with another major problem, that of the exceptionally high post-mortem rates 

of ATP-turnover which occur during cold-contracture and also during rigor in the 

muscles of FSE-prone pigs. It is thought that both of these are due to release 

of Ca-ions from the Ca-pump in amounts sufficient to just trigger the actomyosin 

ATP-ase, but there is no actual proof that this is so. The only really acceptable 

Proof might come from injection into the muscle fibres of the Ca-sensitive 

protein, aequorin, which emits a flash of blue light as it sequesters Ca ions.

^he method has been used successfully in the study of the very early stages of 

contraction in the large muscle fibres of some crustacea and mollusca, but has 

bot yet been adapted for use with the much smaller fibres of mammals.
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I consider that this problen of the ATP-ases in post-mortem muscle is 

most important of all, since a method of controlling the ATP-ase activity 

would automatically enable us to control many aspects of meat quality, 

particularly cold-contracture and the PSE condition.

I do not wish to speak in any more detail about the cold-shortening 

problem itself, except to say that I do not consider it any longer profitable 

to carry out elaborate studies to prove that muscle shortening causes meat 

toughening. This point is now adequately established. It is more important 

in my opinion to establish the relation between the degree of cold-contracture 

and the muscle pH. For example, would the beef muscles described in my report 

show any 2nd phase cola-contracture if the pH had been allowed to fall below 

6.5 before cooling? Squally important is to discover the real reason for the 

toughening which occurs when cold-shortened muscle is cooked. This is certainly 

not due solely to myosin-actin overlap in the shortened muscle.

Another aspect of meat science of utmost importance is control of the 

pre-mortem condition of the animal, particularly the avoidance of undue stress 

before slaughter of such very stress-prone animals as pigs. This involves deep 

study of their physiological pecu]^*»iarities and of the hormonal imbalance which 

gives rise to them. This problem is under intense investigation at our Institute, 

but it is yet too early to 3ay more than that the thyroid hormones are certainly 

implicated.

Finally I would like to turn back to a theoretical aspect of muscle 

glycolysis. It has been an article of faith for many years amongst workers in 

our laboratory, particularly Dr. E .C . Bate-Smith, Dr. it.II. Scopes and myself, that 

Claude Bernard's original discovery in 1870 of the breakdown of glycogen to 

lactate was correct. In other words that all the glycogen disappearing post­

mortem could be accounted for chiefly by lactate appearance and to a minor 

degree by concomitant appearance of glucose to the extent of about 9$̂  of the 

glycogen and of knov;n phosphorylated glycolytic intermediates to the extent of 

about 4/ . It therefore came as a shock to read paper A5 by Dr. Hamm and his
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collaborators, where it is suggested that this is not so, but that in some 

cases more than 20?S of the glycogen disappearance cannot be accounted for.

For this reason I was at some pains to analyse the values for beef muscles 

in table 1 of paper A5 and I found, after allowing for formation of 7-9?" 

glucose, that the mean value for conversion of glycogen to lactate was 95. 

with a standard deviation of + 30^. It is obvious that with such a large 

standard deviation this mean value cannot differ significantly from 100?U 

I would therefore beg hr. Uamm to look into the question of possible errors in 

the glycogen, lactate and glucose determinations, the other intermediates being 

of little or no consequence. I think this is more important than searching for 

a new intermediate which in some cases seems to amount to more than 10 |jmole/g 

muscle. Such a quantity would certainly not have escaped detection by modern 

analj'tical methods.

This brings me to a general plea to workers in meat science, particularly 

in the biocnemical field, to scrutinise most carefully not only their analytical 

methods but the whole planning of their experiments. I ask them to bear in mind 

that they are dealing with a still living system, geared to react to much more 

subtle changes in external and internal environment than the crude treatments 

often handed out to it.



Before closing my remarks, I would like to add a tribute to 
Professor Jean manson who died suddenly and tragically in the first 
week of august from a rare form of meningitis, her loss will be deeply 
felt in the field of muscle biology to which she contributed so much, 
and particularly amongst her colleagues in Ling's College London, where 
she had just assembled an excellent team of muscle biologists.

_er major contribution was of course her collaboration with hr. 
mu. a -uxley which produced the sliding- filament theory of contraction 
in 1953. Phis is perhaps the most important and revolutionary concept 
introduced into muscle biology since Lngelhardt and Liubimova's 
discovery of the ATP-ase properties of myosin in 1939 and Szent- 
(¿yorgyi's discovery of actin in 19^3.

he all knew her as Jean, the lively, enthusiastic and irrepressible 
Jean. 1 well remember her presentation of the sliding filament theory 
to a meeting in Leeds in 1553, which was attended by all the leading 
lights in the muscle field, such as hr. ^.stbury, Professor .eber, 
j t . bailey and many others. 'Phis young woman stood up in front of them 
all and begun ^er talk with remarks to the effect that 'we can now for 
the i'_rst time present a complete theory of how a muscle contracts'. 
Imagine the electrifying effect of this statement on an audience amongst 
which at least ten conflicting and rather muddlea-headed hypotheses 
were current at that time. ..ell, that was Jean's nature and all honour 
to aer for i*er courage and forthrightness in expressing it. he shall 
all miss aer, not least because mt the time of her death she vus on 
t..e point ox' contributing to another major break through in the muscle 
field.

-  16 -



17mu Thème g é n é r a l:  B io c h im ie  du m u scle  P2 st_mortem_

1 )  On page 6 you m entioned th a t  d if f u s io n  o f P i  , s p l i t t  o f f  from ATP, to the 
sa rco p la sm a  ca u se s s t a r t  o f the g l y c o l y t i c  seq u en ce, I  wonder i f  P . r e le a s e d  from 
ATP r e a l l y  s t a r t s  g l y c o l y s i s ;  th e re  i s  a lo t  o f P i  in  the m u scle  t is s u e  b e fo re  
breakdown o f ATP. I s  not the  d isa p p e a ra n c e  o f ATP the  p ro c e s s  w h ich  s t a r t s  g ly ­
c o l y s is  e .g .  by a c t iv a t in g  the p h o s p h o fru c to k in a s e  ste p  ?

R . -  i  t h in k  both P . r e le a s e  and ATP d isa p p e a re n c e  a re  in v o lv e d  in  t r ig g e r in g  g ly ­
c o l y s is ,  but the  most im p o rta n t ste p  i s  r e le a s e  o f ADP to  a c t  as a c c e p to r.

2) Has anybody s t u d ie d  the  e f f e c t  o f a g e n ts , w hich s p e c i f i c a l l y  a c t iv a t e  or 
i n h i b i t  membrane A T P a se s, on the c o ld  s h o r te n in g  phenomenon ?

R . -  I  do not know much about work on membrane A T P a se s, e xcep t fo r  the  w e ll  known 
e f f e c t  o f o uab ain  on the  N a /K  pump in  some membranes .

3 ) How do you e x p la in  the  s h o r te n in g  o f f ib r e s  d u r in g  the  f i r s t  phase o f c o ld  
s h o rte n in g  w ith o u t s p l i t t i n g  o f ATP ( F i g . 3 ) ?

R . -  ATP i s  s p l i t  ( and r e s y n t h e s iz e d  ) c o n t in o u s ly  th ro u g h o u t the  f i r s t  phase o f 
c o ld -s h o r t e n in g  as shown by the  d isa p p e a re n c e  o f PC and ap p earence o f  la c t a t e  
( see f i g .  3 and 4 ) .

S Q.- from HAMM

5 Q.- from CASSENS R .G .

Would m u scle  in  the  in t a c t  c a r c a s s  f o llo w  more c lo s e ly  the  p a t t e r n  o f c o ld  
s h o rte n in g  fo r  lo ad ed  or u n lo ad e d  s t r i p s  o f m u scle  ?

R.- In  the in t a c t  c a r c a s s ,  c o ld  s h o rte n in g  o f sarco m eres ta k e s  p la c e  in  a v e ry  
i r r e g u la r  f a s h io n . The f i r s t  sarco m eres to sh o rte n  w i l l  d e ve lo p  enough te n s io n  
to s t r e t c h  the r e la x e d  ones in  any p a r t ic u l a r  f ib r e ,  but as the  l a t t e r  b e g in  
to sh o rte n  tho se  w h ich  sh o rte n e d  e a r l i e r  may a lr e a d y  th e m se lv e s  have s t a r t e d  to 
r e la x  a g a in  . T h u s , the t e n s io n s  w h ich  a re  d evelo p ed  a re  g e a te r  than tho se in  
u nlo ad ed  s t r i p s  and le s s  than tho se  in  h e a v i ly  lo ad ed  s t r i p s .

S Q.-  from HENRY M.

Le D r BENDALL a f a i t  a l l u s io n  au r ô le  é v e n tu e l des hormones t h y r o ïd ie n n e s  s u r  
la  q u a l it é  de l a  v ia n d e . Que s a it - o n ,  en 19 7 3 , du r ô le  des hormones de la  c o r t ic o ­
s u r r é n a le  notamment de 1 1 a ld o s té ro n e  ? ( s u it e  au t ra v a u x  de 1958 de HENRY M,
et de PASSBACH et a l  de 1968) .

R.- I  do not think we a re  y e t  in  a p o s it io n  to a s s e s s  th e  r e l a t i v e  im p o rtan ce  o f 
the hormones o f the t h y r o id  and the  s u p r a r e n a l g la n d s  to the problem  o f PSE m eat, 
The t h y r o id  i s  c e r t a in ly  im p lic a t e d ,  but i t s  s i t e  o f a c t io n  has c e r t a in ly  not 
been id e n t i f ie d  .

S Q .-  from KOTTER

Daß A n io nen in  Z e r k le in e r t e m  F le is c h  den I . P .  von M u s k e lp ro te in e n  senken und 
dam it v ohne V erän d eru n g  des a k t u e l le n  pH -  W e rte s) a u f das E iw e iß  e in e n  d e r pH- 
^rhuhung a n a lo g e n  E f f e k t  haben i s t  b e k a n n t. W ie v e r la u f e n  To te n  - s t a r r e  und 
R e ifu n g ,w e n n  ¿ n sch lach tw arm  z e r le g t e  F le is c h s t u c k e  m it  einem  I n je k t a t  A nio nen 
( Z .B . C l - I o n e n )  e in g e b ra c h t  w erden.

I t  i s  g e n e r a lly  known th a t  a n io n s  in  the commimited meat d e c re a se  th  J . P ,  or 
mu s c le  p r o t e in s  and ( w ith o u t ch a n g in g  the  v e a l  pH) e f f e c t  p r o t e in s  in  the same 
Way as pH in c r e a s e .  What w i l l  be to the p ro c e s s  o f r ig o r  and r ip e n in g  be l i k e  
when in  the s la u g h t e r  warm meat we in je c t  a n io n s  ( e .g .  C l  ) ?

R. -  I  do not know the answ er to t h is  q u e s t io n . P erh a p s D r KOTTER w i l l  p erfo rm  an 
exp e rim e n t to f in d  out .
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When the c o n t r a c t io n  phase n ° l  i s  b ro ught about by the  d e c e a s in g  a c t i v i t y  
o f  the c a lc iu m  pump a t low te m p e ra tu re , r e s u lt in g  in  a h ig h  Ca c o n c e n tr a t io n  
in  the i n t r a f i b r i l l a r  sp a ce , how can one e x p la in  the subseq uent r e la x a t io n  ?

R . -  I  am not a b le  to o f f e r  a good e x p la n a t io n  o f the r e la x a t io n  p h a se . I  t h in k  
we must remember, how ever, th a t  c o ld  s h o rte n in g  in v o lv e s  o n ly  a few sarco m eres 
a t any one tim e , because  the c o n t r a c t u r e  d e v e lo p s v e ry  l i t t l e  fo rc e  compared 
w ith  the p o t e n t ia l  maximum c a lc u la t e d  from the A T P -tu rn o v e r  r a t e .  Thus Ca 
can have been r e le a s e d  o n ly  to a v e ry  m in u te  e x te n t as the  tem p e ra tu re  f e l l  . 
R e la x a t io n  may o ccu r because  the  Ca pump can r e g a in  c o n t r o l and pump b ack  th e se  
few Ca^+ io n s  .

thème A 0 (suite)
S Q.- from SCHUT J.

§ Q . -  from LACOURT A.

1 )  Comment e x p liq u e z -v o u s  que le s  f ib r e s  de typ e  " c o n t r a c t io n  le n t e "  p ré ­
se n ta n t in  v iv o  une c o n t r a c t io n  in f é r ie u r e  à c e l l e  des f ib r e s  " c o n t r a c t io n  r a p id e  , 
sem blent d 'a p r è s  vos r é s u l t a t s ,  d é v e lo p p e r une t e n s io n  p lu s  im p o rta n te  lo r s  du 
c o ld  s h o r te n in g  ?
R . -  I  do not t h in k  th e re  a re  any h a rd  and f a s t  r u le s  r e la t in g  degree or speed 
o f  c o ld -c o n t r a c t u r e  e it h e r  t o -a )  the m u scle  c o n t r a c t io n ( t y p e , i . e .  f a s t  or s lo w ; 
o r b) to  the  c o lo u r ,  i . e .  m yo g lo b in  c o n te n t. We have found a l l  k in d s  o f v a r ia ­
t io n s  in  b e e f a n f  p ig  m u s c le s , as t a b le  IV  o f  my r e p o rt  c l e a r l y  shows.

2) A v o tre  a v i s ,  comment se d é c la n c h e  la  deuxièm e c o n t r a c t u r e  au f r o id .  Le 
r é t ic u lu m  s a rc o p la s m iq u e  i n t e r v i e n t - i l  à ce n iv e a u  dans le  m u scle  ?

R . -  I  t h in k  phase 2 c o n t r a c t u r e  i s  a k in  to r ig o r  s h o r te n in g . The l a t t e r  seems, 
a c c o rd in g  to WHITE ( 1 9 7 0 ) ,  to  o ccu r as the  ATP in  the ne ig h b o u rho od  o f the con­
t r a c t i l e  f ila m e n t s  f a l l s  to  v e ry  slow  le v e ls  ( le s s  th an  0 , 1 ^ / m o l e / g  m u scle  ) .  
Under th e se  c o n d it io n s  i t  seems th a t  Ca^+ io n s  a re  not o b lig a t o r y  fo r  c o n t r a c t io n , 
but r a t h e r  th a t  the tro p o n in  com plex lo s e s  i t s  r e p e l l in g  e f f e c t ,  and cannot any 
lo n g e r p re v e n t a c t in  m yo sin  in t e r a c t io n  ,

S Q .-f r o m  EIKELENBOOM G.

I s n ' t  i t  the  r a t io  between ATP and i t s  h y d r o ly s is  p ro d u c ts  w h ich  d e te rm in e s 
the  g l y c o l y t i c  r a t e  ? I f  t h is  i s  t r u e ,  o th e r f a c t o r s  as the A TPases m ight have 
an e f f e c t  on the g l y c o l y t i c  r a t e  .

R . -  The r a t e  o f both PC breakdown and o f g l y c o l y s is  i s  p r im a r i ly  d e te rm in ed  by 
the  fre e  ADP l e v e l .  T h is  i n  i t s e l f  can be c a lc u la t e d  from the known amounts o f 
PC, c r e a t in e  and ATP p re se n t at any p a r t ic u l a r  sta g e  . A t pH 7 , 1  ( r e s t in g  con­
d i t i o n ) ,  the fre e  ADP l e v e l  i s  -v.» 30 n m o le s /g , r i s i n g  to 'v  80 n m o le /g  a t
pH 6 ,5  .

/A  2 /

S Q . -  from DUMONT B .L .

P e u t-o n  p r é c is e r  le  r ô le  de l ' e x e r c ic e  s u r  la  r a p id it é  de l 'é v a c u a t io n ,  par 
le  sa n g , du la c t a t e  h o rs  du m u scle  ?

R . -  L a c t a t e  d is a p p e a rs  v e ry  r a p id ly  from the  m u scle  even d u r in g  e x e r c ic e  .
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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  .



21

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 .



thème A 3 ( s u it e )

§ Q . -  from BARABES P.

Auch in  Ungarn b e s c h ä f t ig t  man s ic h  m it der e le k t r is c h e n  B e täu b u n g .U n se re  Ergebnisse 
s in d  auch Ä h n lic h e ,  w ie d ie  in  dem A 3 und A 4 V o r t r a g  erw ähnt wurde. A ber s o l l  
man b erken , d ass w ir  s t a t t  der höheren F re q u e n z , nu r m it 200 HZ, aber m it der 

v ie r e c k ig e n  Form a r b e it e n . H ie r  wurde d ie  höhere Freq u en z v i e l l e i c h t  m it dem s t e i le n  
A u f - und A b la u f  des Im p u ls  e r s e t z t  . Neben d e r 300 V m axim al-S p annu ng  verwenden w ir 
auch e in e  S tro m b e g re n z u n g .a ch  m einer M einung h a t es g ro sse  Bedeutung .

R . -  M. B a rab as 's  o b s e r v a t io n s  a re  p a r t ic u la r y  in t e r e s t in g  as they r e f e r  co u s -  o f 
sq u are  wave c u r r e n t ,  o f w h ich  we at p re se n t have no d ir e c t  e x p e r ie n c e . P r e l im in a r y  
d a ta  on the e f f e c t iv e n e s s  o f sq u a re  wave c u r r e n t  in  s tu n n in g  the a n im a l and in  
re d u c in g  haem orrhage was g iv e n  by SzUcs et a l  a t  the 9th M eetin g  in  Budapest Q 9 5 3 ) . 
I t  would be o f v a lu e  to know w hether sub seq uen t e x p e rie n c e  in  H ungary has e s t a b ­
l is h e d  the o p t im a l v o lt a g e , am perage, fre q u e n c y , and tim e o f s tu n  in  r e la t io n  to 
d egree o f n a r c o s is  o f the p ig ,  and q u a l i t y  o f the m eat. S a f e t y  f a c t o r s  fo r  o p e ra to rs  
a re  a ls o  im p o rta n t when v o lt a g e s  as h ig h  as 350 a re  used .
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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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