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CliAliGE IN ACTIVITY OP CATHEPSINS At:D STRUCTURAL AMD FUNCTIONAL CHARACTERISTICS OR BOVINE
O scular t is s u e  after  treatment by b a c te r ia l  al.d enzyme pr e pa r a t io n s  op m ic r o b ia l  o r ig in

A,B* LISITZYN, L .B . SMETAlilNA, IT.A. CHERKA3HINA
^ H -R u ss ia n  M eat R e s e a rc h  I n s t i t u t e ,  T a l a l i k h in a  26, 109516 Moscow, R u s s ia

Key w ords: a c t i v i t y ,  b a c t e r i a l  and  enzyme p r e p a r a t i o n ,  q u a l i t y ,  p e p t i d a s e s ,  p r o t e i n a s e s

I n  t h i s  w ork th e  r e s u l t s  o f  i n v e s t i g a t i o n s  o f  b e e f  m u sc u la r  t i s s u e  q u a l i t y  ch an g es
^ d e r  th e  in f lu e n c e  o f  b a c t e r i a l  and  enzyme p r e p a r a t i o n  o f  m ic r o b ia l  o r i g i n  in t r o d u c e d  i n -

th e  sy stem  d u r in g  c u r in g  a r e  p r e s e n t e d .  I t  i s  o b s e rv e d  a s h i f t  o f  h e a t  a b s o r p t io n  m a x i-
p eak s and a f lu o r e s c e n c e  sp ec tru m  maximum i n t o  a  lo n g  wave r e g io n  a t  h ig h e r  th a n  60°C ,

^  in to  a s h o r t  wave r e g io n  a t  h ig h e r  th a n  70°C , a s  w e l l  a s  ch an g es  i n  ca th ep sin s a c t i v i t y ,
^ t i t a t i v e  and q u a l i t a t i v e  c o m p o s itio n s  o f  f r e e  amino a c id s ,  fo rm s o f  w a te r  b in d in g ,
^ ‘U c tu ra l-m e c h a n ic a l  and p h y s i c a l  and ch e m ic a l p a r a m e te rs  o f raw  m a t e r i a l s .
' ' - S a n c t i o n :  I n  d ev e lo n in fc  fo o d  o x 'o d u c ts  a  s r e a t  d e a l  o f  a t t e n t i o n  i s  R iven  to  u t i l i z a t i o n  
Of

Q&zyme and b a c t e r i a l  p r e p a r a t i o n s ,  a l lo w in g  n o t  o n ly  t o  im prove q u a l i t y  a t t r i b u t e s  and 
eil&ance fo o d  and b i o l o g i c a l  v a lu e  o f  p r o d u c ts ,  b u t  a l s o  s i g n i f i c a n t l y  in f lu e n c e  th e  d ig e s ­
t i b i l i t y  and a s s i m i b i l i t y  o f  m ain  n u t r i e n t s  o f  p r o d u c ts .

e a v a i l a b le  in f o r m a t io n  a b o u t r e s e a r c h  i n  t h i s  f i e l d  d o e s n ’ t  p r e s e n t  s u f f i c i e n t  d a t a  a b o -  
ut P a t te rn  o f  changes in. m eat system  and i t s  c o n s t i tu e n t s  enzyme a c t i v i t y ,  and s t r u c t u r a l -
^ e t i o n a l  c h a r a c t e r i s t i c s  o f  m u sc u la r  t i s s u e  d u r in g  m eat p r o c e s s in g  (1 , 2 ) .

aim o f  t h i s  w ork was th e  s tu d y  o f  c a th e p s in s  a c t i v i t y  and  s t r u c t u r a l  and f u n c t i o n a l
s i 'a c t e r i s t i c s  o f  b e e f  m u sc u la r  t i s s u e  t r e a t e d  by  b a c t e r i a l  and enzyme p r e p a r a t i o n  o f  m ic -  

. . _o r i g i n  d u r in g  c u r in g .
-^¿¿ p r i a l s  enri M eth o d s: The i n v e s t i g a t i o n s  w ere c a r r i e d  o u t on m odel sy s te m s , w h ich  w ere 
s p a r e d  a s  f o l lo w s :  M. lo n g  d o r s i  w hich  was ta k e n  from  b e e f  s id e s  a f t e r  6 d ay s  o f  s to r a g e ,  
^r °Und th ro u g h  a 2 -5  mm p l a t e .  The o b ta in e d  m u sc u la r  t i s s u e  (M l) was m ixed w ith  th e  cu re  

^ J) c o n ta in in g  s a l t ,  b a c t e r i a l  (BP) a n d /o r  enzyme (EP) p r e p a r a t i o n s .  The amount o f  s a l t
each  sam ple was 2.5% , arid EP and BP -  0 .0 1 5  and  0.1% to  m ass o f  m eat r e s p e c t i v e l y .  

0to s u b til in " G IQ X "  b e in g  a  n e u t r a l  p r o t e a s e  w i th  a c t i v i t y  optimum a t  pH 6 .5 - 7 .5  and  a t  a 
rn-P e ra tu re  4 0 -5 0 ° C was u sed  a s  an  enzyme p r e p a r a t i o n ,  and  BP-RSS (d ry  b a c t e r i a l  p r e p a r a t i ­

o n  s e m i-d ry  raw -sm oked s a u s a g e s ) ,  b e in g  a c o n c e n t r a te  o f  L a c to b a c i l l u s  p la n ta ru m  and 
i t r i f y i n g  m ic ro c o c c a c e a e , m ixed w i th  g lu c o s e  w i th  th e  a c t i v i t y  optimum a t  pH 4 .5 - 5 * 0 .
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used as a b a c t e r i a l  p r e p a r a t io n .  M uscular t i s s u e  (MT) w ith o u t any a d d i t iv e s  was a con- 
°I* Changes t h a t  to o k  p la c e  in  MT under’ th e  in f lu e n c e  o f EP and BP in  th e  p ro c e s s  o f c u - 

d u rin g  5 days were a s se s s e d  by th e  change in  p e p tid a s e s  and p r o te in a s e s  a c t i v i t y .  As 
3u b s fra te  was used sodium c a s e in a te  in  u n iv e r s a l  p h o s p h a te -a c e ta te  b u f f e r  w ith  pH v a lu e  

5.5» r e s p e c t i v e ly .  O p tic a l  d e n s i ty  o f f i l t r a t e s  was d e te rm in ed  by a w aveleng th  of 
■dm; s t r u c t u r a l  changes of p r o te in s  o f  MT -  by m ethods o f d i f f e r e n t i a l  scan n in g  m ic ro -  

°h im c try  and p r o te in  f lu o re s c e n c e ;  change o f mass d u rin g  h e a t in g  -  by th e rm o g ra v im e tr ic
%)th,

;icid
°d  on a  Q -d e r iv a to g ra p h  by  th e  p r o c e d u r e , m o d if ie d  by  O re sh k in  E .P .  e t  a l ;  f r e e  amino 

c o n te n t  -  w i th  th e  u se  o f  io n -e x c h a n g e  ch ro m a to g rap h y  on a u to m a tic  a n a ly s e r  o f  HITACHI- I
( J a p a n ) ;  pH v a lu e  -  w i th  th e  p H -m ete r "pH -540” ; w a te r -b in d in g  a b i l i t y  -  by  m ethod  o f  

u end Hamm, m o d if ie d  by  Vi.ID.iP; a d e g re e  o f  p e n e t r a t i o n  -  by m eans o f  th e  in s t ru m e n t
^•1-Lip-. **■ T
'4 g U ltï

It
l ’end,

Is and d i s c u s s i o n : A c t i v i t y  o f  m u sc u la r  p r o t e i n a s e s  and p e p t id a s e s  to  a g r e a t  e x te n t
s upon a  k in d  and  a q u a n t i t y  o f  a d d i t i v e s ,  a s  w e l l  a s  upon l e n g th  o f  c u r in g  ( P ig .  1 ) .

e a a ® in  a c t i v i t y  o f  m u sc u la r  c a th e p s in s  i s  o b se rv e d  when s a l t ,  BP a n d /o r  EP a r e  u s e d .
,, ^ le a c t i v i t y  o f  p r o t e i n a s e s  i n  th e  c o n t r o l  i s  1 ,  th e n  a f t e r '  i n t r o d u c t i o n  o f s a l t ,  BP,
At* ,

ctDd BP + EP i t  i n c r e a s e s  a f t e r  24 h  o f  c u r in g  by  2 .6 ;  4 , 0 ;  2 .5  and 1 .2 ,  r e s p e c t i v e l y ,
^ d  a-ia f t e r  72 h  -  by  6 .5 ;  4 .1 ;  7 ,1  and 5 .0 ,  r e s p e c t i v e l y .  The p a t t e r n  o f  ch an g es o f  p e p t i d a -
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s e s  a c t i v i t y  i s  s l i g h t l y  d i f f e r e n t  a f t e r  24 h o u rs  o f  c u r in g ;  t h e i r  r a t i o  i s  1 # 8 :1 » 7 :1 •9 s '1 *2 
r e s p e c t i v e l y ,  and  a f t e r  72 h o u rs  -  0 . 9 : 0 . 5 : 1 . 1 :0 .8  r e s p e c t i v e l y .  M ic r o c a lo r im e t r ic  i n v e s t i ­
g a t io n s  show g r e a t  s t r u c t u r a l  ch an g es i n  MT a f t e r  i n t r o d u c t i o n  o f  EP and BP ( P i g .2 ) .  Chan­
g es  i n  p a r a m e te r s  o f  h e a t  a b s o r p t io n  a l lo w  to  make a  c o n c lu s io n  a b o u t s i g n i f i c a n t  d i s i n t e ­
g r a t i o n  o f  p r o t e i n  s t r u c t u r e s  o f  t i s s u e .  I t  sh o u ld  be n o te d  t h a t  EP and BP d e s t r u c t  th e  
s t r u c t u r e  o f  MT d i f f e r e n t l y .  The d a t a  o b ta in e d  have  a  good ag reem en t w i th  th e  d a t a  o f  f l u o ­
r e s c e n t  i n v e s t i g a t i o n s  ( P ig .  3 ) .  Ju d g in g  from  th e  change o f  quantum  y i e l d  v a lu e ,  i n  th e  con­
t r o l  th e  s t r u c t u r a l  ch an g es w ere obsex 'ved a l r e a d y  a t  60°C , and from  th e  p o s i t i o n  o f  maxima®
o f  f lu o r e s c e n c e  sp ec tru m  -  th e  s h i f t  i n t o  a  lo n g  wave r e g io n  a t  a  te m p e ra tu re  above 70°C .
I n  th e  p re s e n c e  o f  BP s i g n i f i c a n t  d i f f e r e n c e s  w ere o b se rv e d  a s  com pared t o  th e  c o n t r o l .  Thus» 
te m p e r a tu r e s  a t  which s t r u c t u r a l  ch an g es  b e g in  ( a c c o rd in g  to  change o f  v a lu e  o f  quantum  y i s l ^  
in c r e a s e  w ith  th e  in c r e a s e  o f  c u r in g  t im e .  I n  t h i s  c a s e  th e  s h i f t  o f  maximum o f  f lu o re s c e n c e  
spec trum , i n t o  lo n g  wave r e g io n  i s  o b se rv e d  a t  lo w e r te m p e r a tu r e s  a s  com pared to  c o n t r o l .
I n  th e  p re s e n c e  o f  EP, s t r u c t u r a l  ch an g es  b e g in  a t  h ig h e r  te m p e r a tu r e s  f o r  e v e ry  l e n g th  of 
c u r in g ,  and  th e  s h i f t  o f  th e  f lu o r e s c e n c e  sp ec tru m  maximum i n t o  lo n g  wave r e g io n  o c c u rs  a t  
a lo w er te m p e r a tu r e ,  a s  com pared to  th e  sam p le , c u re d  w i th  th e  u t i l i z a t i o n  o f  BP. The d ep th  
and v e l o c i t y  o f  p r o t e o l y t i c  p r o c e s s e s  can  be a l s o  ju d g e d  by  th e  am ount o f  f r e e  amino ac id s*  
The r e s u l t s  o b ta in e d  i n d i c a t e  t h a t  i n  c a se  o f  u s in g  th e  s a l t  n o t i c e a b le  ch an g es  o f  amino 
a c id s  o c c u r  3 d ay s a f t e r  c u r in g :  t h e i r  t o t a l  c o n te n t  i n c r e a s e s  by a f a c t o r  1 .2 .  I n t r o d u c t io n  
i n t o  m u sc u la r  t i s s u e  EP r e s u l t s  i n  i n c r e a s e  o f  t o t a l  c o n te n t  o f  amino a c id s  d u r in g  c u r in g  
p ro c e s s  -  i n  th e  f i r s t  day  by  9%» a f t e r  3 d ay s -  by  12%% W ith  th e  u t i l i z a t i o n  o f  BP th e  co»"
t e n t  o f  f r e e  amino a c id s  i n  m u sc u la r  t i s s u e  d e c r e a s e s  i n  th e  c o u rs e  o f  c u r in g ,  t h a t  may he
a s s o c ia te d  w ith  d ev e lo p m en t o f  m ic ro o rg a n ism s  in  th e  sy s tem  a t  th e  ex p en se  o f co n su m p tio n  
amino a c id s .  In  th e  sy s tem  w i th  BP and  EP a f t e r  24 h o u rs  o f  c u r in g ,  a  d e c re a s e  i n  c o n te n t  
f r e e  amino a c id s  by 5%, and  a f t e r  72 h o u rs  by  a  f a c t o r  o f 1 .6  i s  n o t i c e d ,  which i n d i c a t e s  a 

a s u b s t a n t i a l  in f lu e n c e  o f  EP and BP on th e  sy s te m .
C o n c lu s io n : The r e s u l t s  o f  th e  i n v e s t i g a t i o n s  c l e a r l y  i n d i c a t e  a s u b s t a n t i a l  d e s t r u c t i o n  of 
m u sc u la r  p r o t e i n s  i n  c a s e  o f u t i l i z a t i o n  o f  EP a n d /o r  BP. The p a t t e r n  and  d e g re e  o f  th e s e  
ch an g es  d epends upon th e  k in d  o f  in t ro d u c e d  b i o l o g i c a l  p r e p a r a t i o n s ,  l e n g th  o f  t e c h n o lo g i ­
c a l  p r o c e s s e s ,  a s  w e ll  a s  on th e  p r o s p e c t s  o f  EP and BP u t i l i z a t i o n  f o r  i n t e n s i f i c a t i o n  of 
t e c h n o lo g ic a l  p r o c e s s e s ,  im p ro v in g  q u a l i t y  c h a r a c t e r i s t i c s  o f  raw  m a t e r i a l s  and p r o d u c ts ,  
and d ev e lo p m en t c o m p le te ly  new k in d s  o f  fo o d  p r o d u c ts .
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£2 - c o n tr o l  MT E3 - MT+BP 
^  -M T + salt m  - MT+EP

E3 - MT + BP +ÏÏP
1 . Change i n  a c t i v i t y  o f 

P r o t e in a s e s  and p e p t id a s e s  i n  
i'iie c o u rs e  o f  b e e f  c u i 'in g

—  c o n tr o l  M T+salt
—  MT+EP 
— MT+BP

P ig .  2 . Dependence o f ex cess  j 
s p e c i f i c  h e a t  a b s o rp t io n ,o f  
bovino m uscu lar t i s s u e  d u rin g  
c u rin g
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P ig .  3 . T em perature depen­
dence o f a re a  under th e  
spectrum  o f f lu o re sc e n c e  (Q) 
and spectrum  maximum p o s i t i ­
on (L ) o f m u sc ila r  bovineJ+IcLa
t i s s u e  on s to ra g e  tim e . 
A -c o n tro l ;  B -m uscular t i s s u e  
in  th e  p re se n c e  o f b a c t e r i a l  
p r e p a r a t io n ;  C- in  th e  p r e ­
sence o f enzyme ( . -  24h;
+ -48 h ;  x -  72h)


