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E f f e c t  o f  a E l a s t a s e  f r o m A l k a l o p h i l i c  B a c i l l u s  S t r a i n  on t he  T e n d e r i z a t i o n  o f  B e e f  Meat »rid
H . TAKA GI ,  M.KONDOU,  T . HISATSUKA and * M . YAMASAKI

C e n t r a l  R e s e a r c h  L a b o r a t o r i e s ,  A j i n o m o t o  C o . I n c . ,  1 - 1  S u z u k i - c h o ,  Ka wa s a k i  210 ,  Japan

^ D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y ,  The  U n i v e r s i t y  o f  T o k y o ,  1 - 1 - 1  Y a y o i ,  Tokyo  113, £i

T e n d e r i z i n g  e f f e c t  o f  a new a l k a l i n e  e l a s t a s e  p r o d u c e d  b y  a l k a l o p h i l i c  B a c i 11 us  s p .  s t r a ' ^

B was  e v a l u a t e d  on b e e f  mea t .  F i r s t  o f  a l l ,  we i n v e s t i g a t e d  i t s  e l a s t o l y t i c  a v t i v i t y  Jsu  ̂

e l  a s t i n - o r c e i n  a s  s u b s t r a t e .  The  s p e c i f i c  a c t i v i t y  o f  t he  enzyme was  6 0 - 2 0 0  t i me s  h i g h e r  n 

o t h e r  p r o  t e a s e s , s u c h  a s  p a p a i n  and b r o m e r a i n .  S e c o n d l y ,  t he  mode o f  m y o f i b r i l  d e g r  a d a  t i o|1Kas

£ra n a l y z e d  b y  u s i n g  S DS - p o  1 y a c r y  1 a mi d e  g e l  e l e c t r o p h o r e s i s  a f t e r  i n c u b a t i o n  o f  i n t a c t  s2il

w i t h  o r  w i t h o u t  e n z y me s .  E l a s t a s e  t r e a t m e n t  r e s u l t e d  in l i t t l e  p r o t e o l y s i s  a g a i n s t  i s ° co„

Ô
m y o f i b r i l , i n  c o n t r a s t  to p a p a i n  w h i c h  d e g r a d e d  roost o f  p r o t e i n s ,  e s p e c i a l l y  my o s i n  heavy  inyQ

and a c t i n .  F u r t h e r m o r e ,  i n  o r d e r  to e x a mi n e  the  e f f e c t  o f  enzymes  on t e n d e r n e s s ,  mecha,leac

h a r d n e s s  was  m e a s u r e d  b y  a r h e o m e t e r .  When e a c h  enzyme s o l u t i o n  was  i n j e c t e d  to the  b ee f

Am u s c l e ,  t he  f o r c e  r e q u i r e d  to c u t  t he  m u s c l e  f i b e r  was  r e d u c e d  i n  e n z y m e - i  n j  e c t e d  s a‘

T h e s e  d a t a  i n d i c a t e d  t h a t  the  e l a s t a s e  a r e  p r o m i s i n g  a s  an i d e a l  meat  t e n d e r i z e r . L
Pat

I t  i s  w e l l  known t h a t  t e n d e r n e s s  i s  t he  most  i m p o r t a n t  s e n s o r y  c h a r a c t e r i s t i c  o f  mea1' Cas
m o l e c u l a r  s t r u c t u r e  o f  c o l l a g e n  and e l a s t i n  i n c o n n e c t i v e  t i s s u e s  a r e  s i g n i f i c a n t fis
a f f e c t i n g  t he  t e x t u r a l  c h a r a c t e r i s t i c s  o f  meatCCROSS e t  a l . , 1 9 7 3 ) .  One a p p r o a c h  to i n d e a

meat  t e n d e r n e s s  i s  to r e d u c e  s i g n i f i c a n t l y  t he  amount  o f  d e t e c t a b l e  c o n n e c t i v e  t i s s u e , by

e x t e n s i v e  d e g r a d a t i o n  o f  m y o f i b r i l l a r  p r o t e i n s .

i yF o r  t h i s  p u r p o s e , p r o t e o l y t i c  e n z y m e s , s u c h  a s  p a p a i n , b r o m e l a i n  and f i c i n  h a v e  b e e n  w i d e 1 at

as  meat  t e n d e r i z e r s .  H o w e v e r , t h e y  o f t e n  p r o d u c e  u n d e s i r a b l e  t e x t u r a l  q u a l i t y ,  due  to the

b r o a d  s u b s t r a t e  s p e c i f i c i t i e s  ( PRUSA e t  a l . , 1 9 8 1 ) .  I t  i s  t h o u g h t ,  t h e r e f o r e ,  tha Pat

il
p r o t e o l y t i c  enzyme f o r  i d e a l  meat  t e n d e r i z e r  h a s  a s p e c i f i c i t y  f o r  c o l l a g e n  and e l ® 8 

c o n n e c t i v e  t i s s u e s .

A l t h o u g h ,  i n  a d d i t i o n  to p a n c r e a t i c  e l a s t a s e  s e v e r a l  m i c r o b i a l  e l a s t o l y t i c  enzymes  jjj

d i g e s t  e l a s t i n  h a v e  b e e n  o b t a i n e d  so  f a r  a s  r e p o r t e d  by  S H I I O  e t  a l . ( 1 9 7 4 ) , t h e s e  enzymeS Tt 

t he  d i s a d v a n t a g e s  o f  s a f e t y  and e f f e c t .  TSAI  e t  a l . ( 1 9 8 3 )  i s o l a t e d  a new a l k a l i n e  e 

f r o m an a l k a l o p h i l i c  Ba c i 1 l u s  s p .  Y a - B ,  wh i c h  was  a s e r i n e  p r o t e a s e  and had v e 1"^
(

e l a s t o l y t i c  a c t i v i t y .  I t  s ho wed  a mar ked  p r e f e r e n c e  f o r  e l a s t i n  and c o l l a g e n  o v e J he

p r o  t e i n s . ana
In t h i s  s t u d y ,  we s ho wed  the  c h a r a c t e r i s t i c s  and e v a l u a t e d  t he  a b i l i t y  o f  a new e l a sst*5 ° l o

t he  meat  t e n d e r i z a t i o n  i n  c o m p a r i s o n  w i t h  t h o s e  o f  o t h e r  p r o t e a s e s .

MATERIALS and METHODS:

E n z y m e s : C r u d e  and p u r i f i e d  e l a s t a s e  w e r e  p r e p a r e d  a c c o r d i n g  to t he  method d e s c r i b e d

e t  a l . ( 1 9 8 8 ) , B r i e f l y ,  an a l k a l o p h i l i c  B a c i 1 1 us  was  a e r o b i c a l l y  c u l t u r e d  in a"

c o n t a i n i n g  2% s o y m e a l , wh i c h  s t i m u l a t e s  e l a s t a s e  p r o d u c t i o n ,  a t  3 7 ° C  f o r  24 h o u r s .
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iUIf a t e
j t  P r e c i p i t a t i o n  o f  c u l t u r e  f l u i d  was  p e r f o r m e d  to o b t a i n  the  p a r t i a l  p u r i f i e d  enzyme ,itid

-hr
th en t h i s f r a c t i o n  was  f u r t h e r  p u r i f i e d  u s i n g  D E A E - S e p h a d e x  and C M - S e p h a d e x  co l umn

, * - °&raphy.  P u r i f i e d  p a p a i n ,  b r o m e l a i n  and p o r c i n e  e l a s t a s e  w e r e  p u r c h a s e d  f r om S i gma

J3' henUcal  C o . .

fiiSstojjry
"ach

ai" enzyme
hoUr

£ ~ a c t  i v  j t v : E l a s t o l y t i c  a c t i v i t y  was  a s s a y e d  by  t he  method o f  TSAI  e t  a l . ( 1 9 8 3 ) .  

was  i n c u b a t e d  w i t h  20 mg o f  e l  a s t i n - o r c e i n i n  l  ml o f  e a c h  b u f f e r , w i t h  s h a k i n g  f o r  

a t  3 7 ° C .  R e a c t i o n  was  s t o p p e d  by  a d d i n g  2 ml o f  0 . 7  M p h o s p h a t e  b u f f e r C p H  6 ) .  The  

was  r emoved  by  c e n t r i f u g a t i o n ,  and a b s o r p t i o n  o f  s u p e r n a t a n t  was  d e t e r m i n e d  a t  590
The

t. x 011 amount  o f  enzyme w h i c h  g a v e  h a l f  o f  t he  a b s o r b a n c e  a t  590 nm when 20 mg e 1 a s  t i n - o r c e  i n
cornpi

e t e l y  h y d r o l y z e d  was  d e f i n e d  a s  10 u n i t s .

5— ac_t i v i  t v : The  p r o t e o l y t i c  a c t i v i t y  o f  e l a s t a s e  on m y o f i b r i l l a r  p r o t e i n s  was
-Pared

c». 0 t h a t  o f  p a p a i n  b y  u s i n g  S DS - p o  1 y a c r y  1 a mi d e  g e l  e l e c t r o p h o r e s i s .  10 jug o f  i s o l a t e d

each P r o  t e i n s ( p r e p a r e d  as  i n KIMURA e t  a l . ( 1 9 8 3 ) )  was  i n c u b a t e d  w i t h  1 ng o r  10 ng  o f

>f L ,  ynie * n 30 jul o f  d i s t i l l e d  w a t e r  a t  3 7 ° C  o r  4 ° C .  At  the  end o f  the  i n c u b a t i o n  t i me ,  anelectr0p)i
° r e s i s s a m p l e  b u f f e r  was  a d d e d ,  and  the  s a m p l e s  w e r e  b o i l e d  f o r  3 min to s t o p  the  

2yr"atic r
I -  r e a c t i o n .  E l e c t r o p h o r e s i s  was  c a r r i e d  o u t  u s i n g  4 - 2 0  % g r a d i e n t  g e l  a s  d e c r i b e d  by

aem">li(l970,
pa , ’ • The  e x t e n t  o f  p r o t e o l y t i c  a c t i v i t y  was  a s s e s s e d  by  c o m p a r i n g  e l e c t r o p h o r e t i c

t e r ns.
t1' Ca

Th

ie in° i y t i

e a c t i v i t y  o f  e a c h  enzyme was  a l s o  d e t e r m i n e d  b y  u s i n g  c a s e i n  a s  s u b s t r a t e .

c a c t i v i t y  was  a s s a y e d  by  the  method o f  TSAI  e t  a l . ( 1 9 8 3 ) .

m e a s n r e m e n t : S i I v e r - s i d e  o f  i m p o r t e d  b e e f  f r o m A u s t r a l i a  was  p u r c h a s e d  f r om

*' by PeriT|a r k e t ,  and was  c u t  i n t o  s e v e r a l  c u b e s ( 4  x  4 x 3 cm) .  Enzyme t r e a t m e n t  was  do ne

l n j 6 c t * ° n  o f  thth$ .
,y ‘ *eat onat
1' 7o°

e enzyme s o l u t i o n  ( 0 . 0 0 1  % enzyme i n  d i s t i l l e d  w a t e r ) ,  a m o u n t i n g  to 5 % o f  

We>ght  b a s i s .  A f t e r  i n c u b a t i o n  u n d e r  the  v a r i o u s  c o n d i t i o n s ,  e a c h  meat  was  h e a t e d

the rh
Parailei t 

1 "'Us

f o r  2 0  m•
min m  t he  w a t e r  b a t h ,  and  was  u s d  f o r  m e c h a n i c a l  t e x t u r e me a s u r e me nt  by

t ter*
( NRM- 2 0 0 5 J ,  Fudo K o g y o , J a p a n ) .  The  c o r e s  ( 1 2 . 5  mm d i a m e t e r )  w e r e  r emoved

th>ci6 fiber
e g r a i n  o f  t he  m u s c l e  f i b e r s  f r o m e a c h  me a t .  The f o r c e  r e q u i r e d  to c u t  the  

Was m e a s u r e d  when p r e s s i n g  by  a p l u n g e r  w i t h  5 k g  o f  f o r c e s .

ihe f two
y z i n g

e l a s t a s e  p r o d u c e d  by  a l k a l o p h i l i c  B a c i 11 us  Y a - B  was  a new t y p e  o f  s e r i n e  

c b had  a v e r y  h i g h  opt i mum pH and h i g h  e l a s t o l y t i c  a c t i v i t y .  I t  a l s o  had a h i g h  

e t i v i t y  a g a i n s t  c o l l a g e n .  TSAI  e t  a l . ( 1 9 8 3 )  showed  t h a t  t h i s  enzyme d i d  p o s s e s s
j C

a,1<l ,, r a c t e r i s t i c s  o f  t he  e l  a s  t i n - h y d r o  l y z i  ng  e n z y me s ,  h i g h  e l a s t i n  b i n d i n g  a b i l i t y
5i Ubstrate

3 Gfor»e<i s P e c i f i c i t y  f o r  a l i p h a t i c  ami no  a c i d  r e s i d u e s .  R e c e n t l y ,  KANEKO e t  a l . ( 1 9 8 9 )the g  ̂
6<fbce( }  t r u c t u r a l  g e n e ,  and d e t e r m i n e d  t he  n u c l e o t i d e  s e q u e n c e .  The  m a t u r e  p r o t e i n  i s

to h£in Cn "ave 268
Co,nPari c1 son with

P o r c i n e  p a n c r e a t i c  e l a s t a s e ,  p a p a i n  and  b r o m e l a i n  a t  t h e i r  opt i mum pH,  the

aika“ "'

ami no  a c i d s ,  and t he  c a l c u l a t e d  m o l e c u l a r  mass  i s  2 6 , 6 7 7  d a l t o n s .

PUr-i-. *'driSor' with
fleb

1 ai allialine
a s i ' e l a s t a s e  had  v e r y  h i g h  s p e c i f i c  a c t i v i t y ,  2 , 4 0 0  u n i t s / m g  p r o t e i n  f o r

f 6!ast0
and

‘»tic
1 .900 u n i t s / m g  p r o t e i n  f o r  c a s e i n  a t  pH 1 0 . 5  ( T a b l e  1 ) .  P a r t i c u l a r l y ,  the

a c t i
' V i t y  was  a b o u t  6 0 - 2 0 0  t i me s  h i g h e r  t ha n  t h o s e  o f  c o m m e r c i a l l y  u s e d  meat
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t e n d e r i z e r s ,  s uc h  a s  p a p a i n  and  b r o m e l a i n .  I t  i s  a l s o  i n d i c a t e d  f r om 0 

e x p e r i m e n t s f u n p u b l i s h e d  d a t a )  t h a t  t h i s  enzyme s t i l l  ha s  h i g h e r  e l a s t i n  and  c o l ^  

h y d r o l y z i n g  a c t i v i t y ,  w h i l e  i t  d e c r e a s e s  m a r k e d l y  i n  c a s e i n o l y t i c  a c t i v i t y  a t  l o w e r  pH 

d i s t i l l e d  w a t e r ) .  T h e s e  d a t a  s u g g e s t  t h a t  t h i s  enzyme s h o we s  mar ked  p r e f e r e n c e  f o r  e l a s t i 11 

c o l l a g e n  o v e r  o t h e r  p r o t e a s e s .

To e x a mi n e  t he  mode o f  m y o f i b r i l  d e g r a d a t i o n  b y  e n z y me s ,  the  e l e c t r o p h o r e t i c  p a t t e r n  

c o mp a r e d .  As  shown i n  F i g . l ,  a l l  o f  t he  p r o t e i n s  i n c u b a t e d  w i t h  p a p a i n  w e r e  h i g h l y  d e g f ^  

e s p e c i a l l y  o f  my o s i n  h e a v y  c h a i n  and a c t i n .  T h i s  a c t i o n  can  r e s u l t  i n  e x t e n s i v e  d e g r a d a t i ^  

t he  meat  s t r u c t u r e  and u n d e s i r a b l e  t e x t u r e  (CRONLUND e t  a l . , 1 9 8 7 ) .  On the  o t h e r  ha nd ,  li 

d i f f e r e n c e  in g e l  b a n d i n g  p a t t e r n s  w e r e  s e e n  b e t w e e n  the  c o n t r o l  and e a c h  o f  t he  e l aS

p r e p a r a t i o n s  a f t e r  i n c u b a t i o n  o f  m y o f i b r i l .  H o w e v e r ,  my o s i n  h e a v y  c h a i n  was  d e g r a d e d  i

i
r a p i d l y  t han o t h e r  p r o t e i n s  when i n c u b a t e d  a t  the  i n c r e a s e d  enzyme c o n c e n t r a t i o n .  The se  

s u g g e s t  t h a t  e v e n  p a r t i a l l y  p u r i f i e d  e l a s t a s e  p r e p a r a t i o n  m a i n t a i n  the  d e s i r e d  s p e c i f i c i ^

I
meat  t e n d e r i z a t i o n ,  i . e . ,  the  l ow s p e c i f i c i t y  t o w a r d  the  m y o f i b r i l l a r  p r o t e i n s  and the  

s p e c i f i c i t y  t o wa r d  e l a s t i n  and c o l l a g e n .

F i n a l l y ,  means  f o r  r h e o m e t e r  v a l u e s  i n d i c a t e  b o t h  p a r t i a l l y  p u r i f i e d  e l a s t a s e  and p a p a * 11 

s i g n i f i c a n t  e f f e c t  on i mpr ove me n t  t he  t e n d e r n e s s  o f  t ough  m e a t ( T a b l e  2 ) .  The  e l a s t a 6 

f a v o r a b l e  f o r  meat  t e n d e r i z e r ,  s i n c e  t he  e f f i c i e n c y  o f  t e n d e r i z a t i o n  was  a l m o s t  the  s ^ e 

the  r e l a t i v e l y  l ow pH o f  meat  and  a t  t he  l ow t e m p e r a t u r e  a t  w h i c h  meat  i s  h e l d  0 

s t o r a g e .

CONCLUSI ONS :

The  p r e s e n t  s t u d y  s hows  t h a t  t he  new e l a s t o l y t i c  enzyme p r o d u c e d  by  a l k a l o p h i l i c  Bac  i l p f  

a r e  p r o m i s i n g  a s  an i d e a l  meat  t e n d e r i z e r ,  a l t h o u g h  f u r t h e r  e x p e r i m e n t s ,  e . g . ,  chans  

m u s c u l a r  p r o t e i n s  and s e n s o r y  e v a l u a t i o n  i n  e n z y m e - i n j e c t e d  me a t ,  s h o u l d  b e  n e e d e d .
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Table 1. H y d r o l y s i s  o f  e l a s t i n  and casein

Enzyme E l a s t o l y t i c * 1 
(u n i  t /mg)

C a s e i n o l y t i c * 2 
(un i  t /mg)

A l k a l i n e  e l a s ta s e 2400 1900
P a n c r e a t i c  e l a s ta s e 500 670
Brome l a i n 37 360
Papa i n 12 270

* 1 U n i t  def  i n i t  ion was de s c r i b e d  in MATERIALS and METHODS.
* 2 U n i t  was expressed as mg o f  t y r o s i n e released per minute

Table 2. Mechanical  t e x t u r e  measurement score

Forces Tenderness
T rea tment ( k g ) (cm/ 100g)

C o n t r o 1 3 . 4 1 ( 0 . 4 9 ) " * 0 .056( 0 .01 4) *
A l k a l i n e  e l a s ta s e

( 4 t . l 7 h r ) 2 . 4 9 ( 0 . 4 2 ) s 0 .074 (0 .013 )°
( 3 7 t , l h r ) 2 . 4 5 ( 0 . 4 3 ) b 0 .082 (0 .014 )°

Papa i n
( 4 Ï . 17hr) 1 . 7 9 ( 0 . 6 6 ) b 0 .094 (0 .016 )°
( 3 7 t .1 h r ) 2 . 0 1 ( 0 . 2 0 ) ° 0 .073 (0 .005 )°

b Values w i t h i n  the same column w i t h  no s u p e r s c r i p t  in common 
a re  s i g n f i c a n t l y  d i f f e r e n t ( p < 0 . 05 ) .

Mean(SD) o f  4 samples.

Hi ■1 SDS-P°lyacrylamide gel electrophoresis of myof ibr i l lar  proteins incubated with enzymes in 

^  water- (a)substrate:enzyme=l,00011,(b)substratelenzyme=10,00011.(l )-(4) incubated at 4t

(5)-(8)incubated at 371' for  lhr |  ( l )(5)myof ibri  I lar proteins incubated in the absence of 

^ ) ( 8 )  ~  ̂ ^ lncul)ated Wlth pur i f ied elastase; (3)(7)incubated with part ial  puri f ied elastase;

ncubated with papain. MHC,myosin heavy chain; A,act in.
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