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£egf c u r in g  under e l e c t r i c a l  and m ech an ica l e f f e c t s
g°RSHKOVA L .V ., BUSLAYEVA T .P . ,  BOLSHAKOV A .S ., KUDRYASHOV L .S . and BELOUSOV A.A.*
Jhe Moscow T e c h n o lo g ic a l I n s t i t u t e  o f  Meat Sc D airy  I n d u s t r ie s ,  Moscow, USSR The A ll-U n ion  M eat R esearch  I n s t i t u t e ,  Moscow, USSR
As p ro s p e c tiv e  p ro c e d u re s  o f  raw meat c u r in g  can be co n s id e red  m echan ica l tre a tm e n t (MT) fh i n s t a l l a t i o n s  hav in g  d i f f e r e n t  d e s ig n s  and im pulse e l e c t r i c  tre a tm e n t o f p r e - r ig o r  t)r i ne_in ;je c te d  mu s c le  o r  e le c tro m a ssa g in g  (H I) . These e f f e c t s  c o n tr ib u te  to  a  f a s t e r  r e ­d i s t r ib u t io n  o f  c u r in g  in g r e d ie n ts ,  to  l o c a l  changes in  meat m ic ro s tru c tu re  which r e s u l t  if1 fa v o u ra b le  p ro c e s s e s  im proving f in i s h e d  p ro d u c t q u a l i ty .The in f lu e n c e  o f  c u r in g  c o n d itio n s  upon th e  co u rse  o f  enzymic p ro c e s s e s  in  meat i s  an i n -  sW f ic i e n t ly  s tu d ie d  a sp e c t o f modern c u r in g  te c h n iq u e . The a v a i la b le  p u b l ic a t io n s  / 1 , 2 /  re f e r  to  a la y e r - b y - l a y e r  d i s t r i b u t i o n  o f  NaCl in  m uscles, s tru c tu ro -m e c h a n ic a l  and p h y s i­co-chem ical f e a tu r e s ,  m ic r o s t r u c tu r a l  chan ges, on th e  b a s i s  o f  w hich r e s e a r c h e r s  assume f a s t e r  enzym ic p ro c e s s e s  in  meat under v a r io u s  tr e a tm e n ts  o f  raw m eat d u rin g  c u r in g  w hich dUe t0 meat  enzymes r e le a s e  ( c a th e p s in s ) . A ccording to  D utson e t  a l . / 3 / ,  e l e c t r o s t i ­m ulation  (ES) o f  ov in e  c a rc a s se s  a c c e le r a te s  ly sosom al enzymes r e l e a s e .  At th e  same tim e SaCl  i n j e c t i o n  in to  p r e - r ig o r  meat i n h i b i t s  enzymic p ro c e sse s  / 4 / .pu rpose  o f t h i s  p ap e r i s  to  s tu d y  c a th e p s in  a c t io n  as in f lu e n c e d  w ith  e l e c t r i c a l  and i?ech an iCa l  e f f e c t s  d u rin g  b e e f  c u r in g .To E s ta b l i s h  a r e l a t i o n  betw een b io c h e m ic a l and h i s to lo g ic a l  d a ta ,  c a th e p s in  a c t i v i t y  was Measured in  p a r a l l e l  w ith  h is to c h e m ic a l d e te c t io n  o f th e  enzym es. At th e  enzyme lo c u s  a 
R is ib le  f e rm e n ta t io n  p ro d u c t was fo u n d .^ a th e p s in s  a re  known to  lo c a l iz e  in  ly sosom es. However i t  i s  d i f f i c u l t  to  f in d  most endo- ie P t id a s e s  h is to c h e m ic a l ly . To d e te c t  t h e i r  a c t i v i t y ,  an a c id  p h o sp h a tase  was chosen s in -  ?? i t  i s  th e  b a s ic  enzymic m arker o f  lysosom es due to  a r e l a t i v e  s im p l ic i ty  o f  i t s  d e te c ­
t io n  w ith  h is to c h e m ic a l methods /5 /*As a t e s t  o b je c t  s e rv e d  lo n g iss im u s  d o r s i  m usc les  d is s e c te d  from  two b e e f  s id e s  o f th e  Same c a rc a s s  w ith in  2.7*102 s a f t e r  s la u g h te r  and au to ly zed  as  u s u a l .  One was t r e a te d  y i th  im pulse  c u r r e n t ,  220 V, 1 Hz (im pu lse  d u ra t io n  0 .4  s ,  im pulse i n t e r v a l s  0 .6  s ) ;  the t o t a l  t r e a tm e n t tim e was 2 .4*102 s .  The o th e r  was in je c te d  w ith  a  b r in e  p re -h e a te d  to 35-37°C ( th e  i n j e c t i o n  l e v e l  b e in g  10% o f  th e  meat w eigh t) and th e n  t r e a t e d  as th e  ¡ • irs t one. A f te r  H i th e  m uscle was tum bled f o r  9 h r  (tum bling  f o r  0 .5  h r  a t  th e  r a t e  o f  '•2 r a d / s ,  1 h r  p a u s e ) .  A p r e - r ig o r  g re e n  m uscle was used as  a c o n t r o l .  M uscles were sam­
pled a f t e r  ES, HI and EM+MT.
“h sc ie  lysosom es were i s o l a t e d  a c co rd in g  to  S ta g n i and Be B ernard  / 6/ .  F re e  c a th e p s in  D c t i o i t y  was m easured by Caldwell and G ro s je a n 's  p roced ure  / 7 /  s l i g h t l y  m o d ifie d . Cohvergan- ® ° f  th e  r e s u l t s  was found w ith  m a th em atica l s t a t i s t i c a l  m ethods, t e s t s  hav ing  been r e p e -  ted  5 t im e s , a t  th e  p r o b a b i l i t y  le v e l  0 .93* A cid p h osp hatase  was h is to c h e m ic a lly  d e te rm i-  eo acco rd in g  to  Gomori / 8/ .  P r e c i p i t a t e d  le a d  su lp h id e  c o lo u red  lig h t-b ro w n  to  dark-brow n , as used a s  th e  c r i te r iu m  o f enzyme a c t i v i t y  l o c a l i z a t io n .j a a r e s u l t  o f  th e  t e s t s  c a r r ie d  o u t i t  was found th a t  e l e c t r i c a l  and m echan ica l e f f e c t s  P fluence  m uscle c a th e p s in  a c t i v i t y  (T a b le ) , th e  h ig h e s t  a c t i v i t y  ( th r e e  tim e s  as  h ig h  as HVimared to  th a t  o f  th e  i n i t i a l  m eat) was ob serv ed  in  ES b e e f .  The h is to c h e m ic a l p a t t e r n  4 d iCa te d  t h a t  th e  a c t i v i t y  o f  a c id  p h o sp h a ta se  in  p r e - r ig o r  meat was low and was dem onst­ra ted  aa c t ng]_e c l u s t e r s  and s c a t t e r e d  t i n y  g ra n u le s  th ro ug hou t th e  m uscle (F ig . 1 ) .  In  ae ES sam ples a c id  p h o sp h a ta se  a c t i v i t y  was much h ig h e r  (F ig . 2 ) .  D ark-brow n g ra in s  a re  is  iou® as m u lt ip le  c lu s t e r s  lo c a te d  in  th e  m uscle f i b r e  sa rc o p la sm . The enzymic a c t i v i t y  05 c le a r  i n  th e  a r e a s  where m uscles were b ro k e n . A c o n s id e ra b le  in c re a s e  o f  th e  a c t i v i t y  t i s s u e  enzymes a f t e r  ES can , p ro b a b ly , be a t t r i b u t e d  to  th e  d i s r u p t io n  o f  th e  ly so so m alc le a r  i n  th e  a r e a s  where m uscles were b ro k e n . A c o n s id e ra b le  in c re a s e  o f  th e  a c t i v i t y  
jj t i s s u e  enzymes a f t e r  ES can , p ro b a b ly , be a t t r i b u t e d  to  th e  d i s r u p t io n  o f  th e  lysosom a a®branes due to  c u r r e n t  p u ls e s  and to  a  pH d e c re a se  o f  th e  p r e - r ig o r  m eat (T a b le ) . Such jy^clusioQ s ag ree  w ith  th e  r e s u l t s  o f  D utson e t  a l .  / 3 /  who b e l ie v e  t h a t  a  low pH and a u 6h te m p e ra tu re  p re d e te rm in e  a  f a s t e r  h y d ro la se  r e le a s e  from  ly sosom es.

T able
^JpX e pH C a th e p s in  D a c t i v i t y ,  %
U° h tro l 6 .4 0 100+0.03 + 25
fro L •

5.86 300+ 0 ,04 + 17
5.91 207+ 0 .0 4 + 24

®m+mt 6 .0 6 135+0 .04 + 20

HI o f p r e - in j e c te d  m uscle t i s s u e  s tim u ­l a t e d  a more th a n  tw o -fo ld  in c re a s e  o f  th e  c a th e p s in  D a c t i v i t y  a s  compared to  p r e - r ig o r  g reen  m ea t. I t  can be assumed t h a t  e l e c t r i c a l  t r e a tm e n t i s  a  s t r o n g e r  i r r i t a n t  o f  ly sosom al membranes, t h i s  r e s u l t in g  in  th e  r e l e a s e  o f  enzymes from  t h e i r  l o c a t io n s .  D e sp ite  th e  f a c t  t h a t  NaCl in j e c t i o n  in to  m eat i n h i b i t s  th e  enzymic p ro c e s s e s , th e  t o t a l  e f f e c t  r e ­mained h ig h .
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EM sam ples an in c re a s e d  a c id  p h o sp h a ta se  a c t i v i t y  was h is to c h e m ic a lly  de te rm in ed  as £°mpared to  c o n tr o ls  (F ig . 3 ) .  At th e  enzyme lo c a t io n s  le a d  su lp h id e  p r e c ip i t a t e  i s  Grouped as  la r g e  g r a in s ,  a few such g roups b e in g  ob serv ed  a l l  a lo n g  m uscle f i b e r s .  Where arcolemma i s  d is ru p te d  and in  th e  sp aces  among th e  f i b e r s  a s i g n i f i c a n t  amount o f  en zy - a c t i v i t y  g ra n u le s  a re  a ls o  d e te c te d  w ith in  th e  g ra in e d  p r o te in  m ass. Thus, a  c o r r e l a -  i°n  i s e s ta b lis h e d  betw een b io ch em ica l c h a r a c t e r i s t i c s  and h is to c h e m ic a l r e s u l t s .™ and c y c l ic  MT d e c re a se  enzymic a c t i v i t y .  We assume t h a t  th e  re a so n s  f o r  t h a t  may be nviro n m e n ta l a l t e r a t i o n s  in  th e  system : th e  accu m u la tio n  o f e l e c t r o l y t e s ,  i . e .  an i n c r e -  ®ed c o n c e n tra t io n  o f  th e  i n h i b i t o r ,  and p ro b ab ly , th e  d e n a tu ra t io n  o f th e  p r o te in  m o ie ty  th e  enzyme due to  in te n s iv e  m ech an ica l t r e a tm e n ts .  However, d e s p ite  th e  p re se n c e  o f Ae in h i b i t o r y  f a c to r s  th e  a c t i v i t y  in  cu red  meat was s t i l l  35% h ig h e r  th a n  i n  th e  i n i t i ­a l  one. The h is to c h e m ic a l d e te c t io n  o f  a c id  p h o sp h a tase  a c t i v i t y  showed th a t  in  th e  r*+MT sam ples th e  enzymic a c t i v i t y  was low er as compared to  EM sam ples. F ig . 4 i l l u s t ­r a te s  a d i f f u s iv e  d i s t r i b u t i o n  o f  th e  p r e c i p i t a t e  in  m uscle f i b e r  sarcolem m a. Sometimes aaik-brow n c lu s t e r s  app ear w ith in  th e  g ra in e d  p r o te in  mass w hich i s  lo c a te d  in  th e  i n t e r ­
f a c e s  o f  f i b e r s .

inS*3. A cid p h o sp h a tase  d i s t r i b u t i o n  EM b e e f  m uscle . (X 480)
F i g .4 . A cid p h o sp h a tase  d i s t r i b u t i o n  i n  FM+MT b e e f  m uscle (X 480)

g f P a r i s o n s  o f  th e  d a ta  on th e  c a th e p s in  a c t i v i t y  in  b e e f  m uscle , m e c h a n ic a lly , w ith  th e  h is to c h e m ic a l d a ta  on th e  a c t i v i t y  o f  
0 conclude t h a t  th e  m entioned  tr e a tm e n ts  s t im u la te  th e  a c t i v i t y

t r e a t e d  e l e c t r i c a l l y  a c id  p h osp ha tase  a llo w  o f  t i s s u e  p r o te a s e s .
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