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Background
R e c e n tly , th e  a p p lic a tio n  o f  h ig h  h y d ro s ta tic  p re s s u re  o n  fo o d  p ro c e ss in g  w a s  s u c c e ss fu lly  d e m o n s tra te d  as n o n -h e a t fo o d  p ro c e ss in g . 

H ig h  h y d ro s ta tic  p re s s u r iz a tio n  is  a lso  o n e  o f  th e  n ew  te c h n o lo g ie s  fo r  te n d e r iz in g  m e a t o r  a c c e le ra tin g  m e a t c o n d itio n in g  (S U Z U K I et al., 
1998). M e a t te n d e rn e s s  w a s  d e te rm in e d  b y  b o th  a c to m y o s in  to u g h n e s s  a ttr ib u te d  to  m y o f ib r i l la r  p ro te in s  an d  b a c k g ro u n d  to u g h n e s s  a ttr ib u te d  
to  c o n n e c tiv e  tis s u e  p ro te in s  m a in ly  c o m p o s e d  o f  c o lla g e n . I t  h a s  b e e n  w e ll k n o w n  th a t  h ig h -p re s su re  tre a tm e n t c a u s e s  th e  s tru c tu ra l  a n d  
ch e m ic a l c h a n g e s  in  a  n u m b e r  o f  m y o f ib r i l la r  p ro te in s . H o w ev e r, li t t le  is k n o w n  a b o u t th e  e f fe c ts  o f  p re s s u r iz a tio n  o n  c o n n e c tiv e  t is su e .

Objective
T h e  p u rp o se  o f  th is  s tu d y  w a s  to  fin d  th e  e f fe c t  o f  h ig h -p re s su re  t r e a tm e n t o n  th e  in tra m u s c u la r  c o lla g e n  c h a ra c te r is t ic s . In  th is  s tu d y , th e  

c h a n g e s  o f  to u g h n e s s , h e a t- s o lu b il i ty  a n d  th e  s tru c tu re  o f  in tra m u s c u la r  c o lla g e n  o n  h ig h -p re s s u re  tre a tm e n t  w e re  in v e s tig a te d .

Methods
L e a n  m e a t  w a s  re m o v e d  f ro m  th e  s h o u ld e r  o f  an  8 6 -m o n th -o ld  H o ls te in  co w  1 d a y  a f te r  s la u g h te r  a n d  s to re d  a t -2 0 ° C . A s  re q u ire d , i t  w as  

tem p e re d  o v e rn ig h t in  a  c o ld  ro o m  a t  4 °C .

1- Isolation o f intramuscular collagen
In tra m u s c u la r  c o lla g e n  w a s  is o la te d  b y  th e  m e th o d  o f  F U JII  &  M U R O T A  (1 9 8 2 ). A  p a r t  o f  th e  is o la te d  c o lla g e n  w as  f re e z e -d r ie d , an d  

re m a in d e r  w as  u se d  f o r  th e  fo llo w in g  a n a ly s is .

2. Pressurization
M u s c le  o r  iso la te d  in tra m u s c u la r  c o l la g e n  w a s  p a c k e d  in  a  p o ly e th y le n e  b a g , s e a le d  w ith  c o ld  d is t i l le d  w a te r  a n d  p re s s u r iz e d  a t  1 0 0 -5 0 0  

, M P a  fo r  5 m in  a t a b o u t 8°C  u s in g  an  is o s ta tic  p re s s  a p p a ra tu s  (N ik k iso  K K , T o k y o ).

3- Shear force value
M u s c le  sa m p le s  w e re  c u t in to  sm a ll  p ie c e s  (1 x 1 x 2  cm ) w ith  th e  m u s c le  f ib e r  d ire c tio n  a lo n g  th e  lo n g  a x is , a n d  c o lla g e n  f ib e rs  is o la te d  

fro m  th e  m u sc le  w e re  s h a p e d  in to  s a m e  s iz e  (1 x 1 x 2  c m ) w ith  p la s tic  c a se . S h e a r  fo rc e  v a lu e  fo r  e a c h  sa m p le  w as m e a s u re d  u s in g  a  R h e o m e te r  

(F u d o h  N R M -2 0 0 2 J , T o k y o ) w ith  a  k n ife -b la d e .

4- Heat-solubility o f collagen
T h e  H IL L  (1 9 6 6 )  p ro c e d u re  w a s  u se d . E a c h  f re e z e -f ra c tu re d  sa m p le  w as h e a te d  fo r  7 0  m in  a t  7 7 °C  in  d is t i l le d  w a te r  a n d  se p a ra te d  in to  

h ea t-so lu b le  a n d  in s o lu b le  f ra c tio n . A f te r  h y d ro ly z in g  w ith  6  N  HC1 fo r  2 4  h  a t 1 10°C , h y d ro x y p ro lin e  c o n c e n tra tio n  o f  e a c h  f ra c tio n  w as 
d e te rm in e d  (B E R G M A N  &  L O X L E Y , 196 3 ). C o lla g e n  c o n te n t  w as  c a lc u la te d  b y  m u ltip ly in g  th e  h y d ro x y p ro lin e  c o n te n t  b y  7 .2 5  ( in so lu b le  

c°H ag en ) a n d  7 .5 2  ( s o lu b le  c o l la g e n ) . P e rc e n ta g e  o f  so lu b le  c o lla g e n  w as  e x p re s s e d  a s  th e  h e a t- s o lu b il i ty  o f  c o lla g e n .

3- Scanning electron microscopy (SE M )
A f te r  p re s s u r iz a tio n  o f  m u s c le s  a t 0 .1  -5 0 0  M P a , th e  sa m p le s  w e re  fix ed  in  2 .5 %  g lu ta ra ld e h y d e  in  p h o s p h a te  b u ffe r , p H  7 .4 . T h e  sa m p le s  

cut in to  sm a ll  p ie c e s  w e re  im m e rs e d  in  10%  N a O H , an d  th e n  r in s e d  in  d is t i l le d  w a te r. T h e s e  p ie c e s  w e re  p u t in  1%  ta n n ic  a c id , r in s e d  in 
d is tilled  w a te r , a n d  p o s t- f ix e d  in  1%  O sC h. A f te r  d e h y d ra tio n  th ro u g h  a  g ra d e d  e th a n o l, th e  s p e c im e n s  w e re  f re e z e -d r ie d  b y  i-b u ty l a lc o h o l. T h e  
sP ec im en s w e re  c o a te d  w ith  g o ld  a n d  o b s e rv e d  u s in g  a  S E M  (H ita c h i S -4 3 0 , T o k y o ) w ith  a n  a c c e le ra tin g  v o lta g e  o f  15 kV.

Results and discussions

F Shear-force value
C h a n g e s  in  s h e a r  fo rc e  v a lu e  d u r in g  p re s s u r iz a tio n  o f  m u sc le s  a n d  in tra m u s c u la r  c o lla g e n  f ib e rs  w e re  sh o w n  in  F ig . 1 a n d  F ig . 2 , 

to sp ec tiv e ly . S h e a r  fo rc e  v a lu e  d e c re a s e d  s ig n if ic a n tly  (p < 0 .0 5 )  w ith  th e  p re s s u re  a p p lie d  in  b o th  sa m p le s . In  th e  p re v io u s  s tu d y , S U Z U K I et 
al- (1 9 9 8 ) d e m o n s tra te d  th a t  th e  p re s s u r iz a tio n , u p  to  3 0 0  M P a , c a u s e d  m e a t te n d e r iz a tio n , w h ic h  a g re e d  w ith  o u r  re su lt. A s  sh o w n  in  F ig . 2 ,
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Fig. 2. E ffe c t  o f  h ig h - p re s s u r e  tre a tm e n t  

o n  s h e a r  fo rc e  v a lu e  o f  in tra m u s c u la r  

c o l la g e n  f ib e r
Fig. 1 .  E ffe c t  o f  h ig h - p re s s u r e  t r e a tm e n t  

o n  s h e a r  fo rc e  v a lu e  o f  m u s c le
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in tra m u s c u la r  c o lla g e n  f ib e r  w a s  a ls o  te n d e r iz e d  b y  h ig h -p re s s u re  tre a tm e n t, w h ic h  su g g e s ts  th a t  th e  p re s s u r iz a tio n  m a y  c a u s e  so m e  s tru c tu ra l 
a n d /o r  c h e m ic a l c h a n g e s  in  th e  in tra m u s c u la r  c o lla g e n .

2 . H eat-so lub ility  o f  co llagen

I t  h a s  b e e n  d e m o n s tra te d  th a t  a  s tro n g  c o r re la tio n  e x is ts  b e tw e e n  h e a t- s o lu b il i ty  o f  c o lla g e n , u se d  a s  an  in d e x  o f  th e rm a l a n d  s tru c tu ra l 
s ta b ility  o f  c o lla g e n , a n d  m e a t  te x tu re  (N IS H IU M I e t al. 199 5 ). In  th is  s tu d y , h e a t- s o lu b il i ty  o f  c o l la g e n  in c re a s e d  d u r in g  h ig h -p re s su re  
tre a tm e n t, w h ic h  in d ic a te s  a  d e c re a s in g  th e rm a l  s ta b il i ty  o f  in tra m u s c u la r  c o lla g e n  w ith  p re s s u re  a p p lie d .

3 . S E M  observa tions

A lth o u g h  U E N O  e t  al. (1 9 9 9 )  fo u n d  a  s tru c tu ra l  w e a k e n in g  o f  e n d o m y s iu m  in  p re s s u r iz e d  m u s c le , w e  c o u ld  n o t o b se rv e  i t  in  th is  study . 
H o w ev e r, p e r im y s iu m  w a s  a f fe c te d  b y  h ig h -p re s s u re  tre a tm e n t (F ig . 3 ). A p p e a ra n c e  a n d  e n la rg e m e n t o f  a  g a p  in  th e  re g io n  o f  p e r im y s ia l-  
e n d o m y s ia l  ju n c t io n  a n d  d is in te g ra tio n  o f  p e r im y s ia l  sh e e ts  w e re  o b se rv e d .

F ig . 3 . S c a n n in g  e le c tro n  m ic ro g ra p h s  o f  p e r im y s iu m  p re p a re d  f ro m  th e  p re s s u r iz e d  b o v in e  m u sc le s ;
(a ) u n tre a te d  (c o n tro l) , (b ) p re s s u r iz e d  a t 150 M P a , (c ) 5 0 0  M P a .
(d ) , (e ) , ( f)  a re  sc a le  u p  p h o to g ra p h s  o f  (a ), (b ), (c ), re sp ec tiv e ly .

C o n c lu s io n s

N o t o n ly  m u s c le  f ib e rs  b u t  a lso  in tra m u s c u la r  c o n n e c tiv e  t is s u e  w as  te n d e r iz e d  b y  h ig h -p re s s u re  tre a tm e n t  in  th is  s tudy . In  ad d itio n , 
p re s s u re -d e p e n d e n t d e c re a s e  o f  th e rm a l s ta b il i ty  a n d  s tru c tu ra l  w e a k e n in g  o f  in tra m u s c u la r  c o lla g e n  w e re  o b se rv e d . T h e s e  re su lts  su g g e s t  th a t 
h ig h -p re s s u re  tre a tm e n t  c o u ld  c a u s e  so m e  c h a n g e s  in  in tra m u s c u la r  c o n n e c tiv e  tis s u e , r e s u lt in g  in  m e a t  te n d e r iz a tio n .
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