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INTRODUCTION
Meat q u a l i t y  is  a c o m p os i te  m a n i s f e s t a t -  
ion o f  v a r i o u s  f a c t o r s ,  which depend up­
on th e  m e t a b o l i c  s t a t e s  o f  t h e  muscle t i  
s s u e ,  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  o f  an 
imal b e f o r e  s l a u g h t e r  and a l s o  t h e  t r e a t  
ments a f t e r  s l a u g h t e r .  The b i o c h e m i c a l  
e v e n t s  which  occur  in muscle  t i s s u e s  bo­
th  in l i v i n g  a n im a l  and post  s l a u g h t e r  
s t a g e  may g i v e  a c l u e  to  u n d e r s t a n d i n g  
t h e  q u a l i t y  a t t r i b u t e s  o f  meat .  Choosing  
enzyme— th e  u n i q u e ,  im p o r t a n t  b i o a c t i v e  
m o l e c u l e  as key  s u b s t a n c e ,  we a t t e m p t e d  
to  unco ver  t h e  i n t r i n s i c  c o r r e l a t i o n s  be 
tween t h e  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  
muscle  t i s s u e  and meat q u a l i t y .
In  t h e  e a r l y  s i x t i e s ,  Dahl ( 1 )  com f i rm ed  
H u n t e r ' s  f i n d i n g  ( 2 )  t h a t  th e  c r e a t i n e  
c o n t e n t  in  lea n  meat was c o n s t a n t .  Dahl  
a l s o  used c r e a t i n e  as an index  o f  meat  
p r o d u c t  q u a l i t y .  Zdenek Dvorak ( 3 )  a f t e r  
a s e r i e s  d e t e r m i n a t i o n s  o f  c r e a t i n e  co n ­
t e n t s  o f  f r e s h  p o r k ,  b e e f ,  mut ton e t c .  
v e r i f i e d  t h a t  t h e r e  was a good l i n e a r  r e  
l a t i o n s h i p  between c r e a t i n e  c o n t e n t  and 
ne t  muscle  p r o t e i n .  He s u g g e s te d  t h a t  
c r e a t i n e  c o n t e n t  may be used as an index  
o f  f r e s h  meat q u a l i t y .
As t h e  i n t e r c o n v e r s i o n  o f  c r e a t i n e  and  
p h o s p h o c r e a t i n e — the  e n e r g y  r e s e r v o i r  
f o r  muscle  c o n t r a c t i o n ,  i s  under  t h e  a c ­
t i o n  o f  c r e a t i n e  pho spha te  k i n a s e  (CPK) ,  
i t  i s  r e a s o n a b l e  t o  deduce t h a t  t h e r e  
may be a r e l a t i o n s h i p  between th e  c r e a t ­
in e  c o n t e n t  and CPK a c t i v i t y .  A f t e r  com­
p a r i n g  t h r e e  d i f f e r e n t  assay  methods f o r  
CPK, we d e t e r m i n e d  t h e  CPK a c t i v i t i e s  o f  
d i f f e r e n t  k i n d s  o f  mu scles  and a t  the  
me ant ime,  t h e  c r e a t i n e  o r  t o t a l  c r e a t i n ­
ine  c o n t e n t .
I n s p i r e d  by some p r e l i m i n a r y  r e s u l t s ,  
we f u r t h e r  b roadened th e  enzyme s p e c t r ­
um o f  muscle  t o  t h o s e  enzymes such as  
phosphohexose isomer ase  ( P H I ) ,  which ge  
n e t i c  loc us  has l i n k a g e  w i t h  t h e  HAL ge 
n e t i c  locus ( 4 )  o f  t h e  commonly r e c o g n i ­
z e d ,  in r e c e n t  y e a r s ,  t h e  s t r e s s - s e n s i t ­
i v e  gene o f  p i g ,  and l a c t a t e  dehy d ro g e n ­
ase  (LDH) which  i s  an im p o r t a n t  enzyme  
in muscle  g l y c o l y s i s ,  in o r d e r  to  d i s ­

c l o s e  the  r e l a t i o n s h i p  between enzymes 
and meat q u a l i t y  and moreover  t o  s e a r ^1 
f o r  the  b i o c h e m i c a l  mechanism o f  meat 
q u a l i t y  changes.

MATERIALS AND METHODS 
( 1 )  Samples

( 1 )  Mu sc le s  M . l o n g i s s i m i  d o r s i ,  M , ( I ) >  
M.psoas m a j o r ,  M . ( l l ) ,  M . s up ra s p i na t uS .  
M. ( 1 11 ) ,  M. lu mb ar  e y e ,  M . ( I V ) ,  the  l u r  
bar  p a r t  o f  M . ( l ) ,  M . b i c e p s  f e m o r i s ,  
( V ) .  O t h e r s :  Muscles  from f r o n t  and h i n< 
le g s ,  from neck  and back .
( 2 )  Se ra  from t h e  same a n i m a l s  
D i f e r e n t  b a tc h e s  o f  samples  were taken  
i n s t a n t l y  a f t e r  s l a u g h t e r  a t  Hangzhou 
Meat F a c t o r y ,  or  s u p p l i e d  by Animal  
band ry  I n s t i t u t e  o f  Z h e j i a n g  Academy of 
A g r i c u l t u r a l  S c i e n c e s .
( I I )  P r e p a r a t i o n  o f  t e s t  s o l u t i o n s
( 1 )  For  CPK assay  To each muscle  samp*s 
( 10g.  m i n c e d ) ,  a s u f f i c i e n t  amount o f  
0 . 0 1  M. KCL s o l u t i o n  was added.  HomoguP 
i z e d ,  f i l t e r e d  and c e n t r i f u g e d .  The suP' 
e r n a t a n t  was d i l u t e d  a d e q u a t e l y  and us6® 
f o r  ass a y .
( 2 )  For  PHI assay  Use 0 . 0 2  N. KOH so|y 
t i o n ,  o t h e r s  as above .
( 3 )  For  LDH assay  Same as f o r  CPK f ° r 
m usc le s ,  s e r a  were  d i l u t e d  b e f o r e  use-
( 4 )  For  c r e a t i n e  and t o t a l  c r e a t i n i n e  
To 5g .  o f  minced muscle  s am ple ,  100 
o f  3% CCL3COOH s o l u t i o n  was added and 
hom ogenized.  The m i x t u r e  was f i l t e r e d  
and t h e  f i l t r a t e  was used f o r  c r e a t i n e  
and t o t a l  c r e a t i n i n e  d e t e r m i n a t i o n .
( I I I )  Methods
( 1 )  Assay f o r  enzyme a c t i v i t y
( a )  CPK (EC 2 . 7 . 3 . 2 . )
I n o r g a n i c  p hospha te  ( I P )  method ( 5 ) ,  
d i a c e t y l  (DA) method ( 6) ,  pH method <7 ’ 
w i t h  m o d i f i c a t i o n s .
( b )  PHI or GP1 (EC 5 . 3 . 1 . 9 . )  Fructose 
c o l o r i m e t r i c  method ( 8)
( c )  LDH (EC 1 . 1 . 1 . 2 7 . )  P y r u v a t e  c o l 01"1 
m e t r i c  method ( 9 )
( 2) D e t e r m i n a t i o n  o f  c r e a t i n e  and t o t a 1 
c r e a t  i n i n e
( a )  A l k a l i n e  p i c r a t e  method ( 1 0 )  For 
c r e a t i n e  and t o t a l  c r e a t i n i n e
( b )  D i a c e t y l  method R e f e r r e d  to  ( ^ »  
w i t h  m o d i f i c a t i o n s .
( 3 )  P r o t e i n  c o n t e n t  B i u r e t  method
(IV) D e f i n i t i o n  o f  enzyme a c t i v i t y  un1 
CPK:

IP  method:  Uig o f  pho sphorus  produo6 
a t  37 * c ,  30 min.
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^  method: 1 Ajmole o f  c r e a t i n e  produc  
a a t  37 "C, 1 h r .
M - n e t i j o d .  1 m i c r o e q u i v a l e n t  o f  1H+1 

J j lensed a f t e r  1 min .  a t  25 *C.
. 1; 1 Aig. o f  f r u c t o s e  produ ced a t  30
1̂ '  f or  1 0 min.
j J 1; 1 Aimole o f  p y r u v i c  a c i d  formed a t

C . f o r  15 min.
I n s t r u m e n t s  and r e a g e n t s  

m " I  h ig h  speed homogenator ,  pH S - 2  pH 
f ! t e r . TGL-16  h i g h  speed benc h to p  c e n t r i  
s §e . 721 s p e c t r o p h o t o m e t e r ,  751 UV/ VI S  
P e c tr o p ho to m e t e r .  R e a ge n ts :  b i o c h e m i c a l  
 ̂ ade o r  A .R.  g ra de

JjSULTS
^  A c t i v i t y  o f  CPK was c o r r e l a t e d  t o  

0 c r e a t i n e  o r  t o t a l  c r e a t i n i n e  c o n t e n t

! U *P method
 ̂ -- ■
J'  a c t i v i t y  ( u n i t s / g . m e a t )  1 5 9 . 7 7 * 1 5 . 6 0

ine
^ h t e n t  ( m g . / g . m e a t )  2 . 7 6 ± 0 . 2 1

95% c o n f i d e n c e ,  r = o .88 
^ P ' e :  M i x t u r e  o f  muscles  from neck  

^ c k ,  f r o n t  and h i n d  leg  and M . ( I ) .

^  RA mot hod

M . ( I ) ( N - 1 0 )  M . ( I l )  (N=9)

So , US/B1. 9 4 . 8 4 * 0 . 9 9  9 0 . 9 3 * 3 . 4 8
Ion)

N ^ i n i n e  3 . 5 3 * 0 . 3 8 5  3 . 2 9 ± 0 . 2 9 9

(2)
v ^ l >ne 3 . 8 9 ± 0 . 4 4 3  3 . 5 6 ± 0 . 3 4 6

C o ' R a t i o n  ( 1 )  0 . 9 5  ( 1 )  0 . 8 0
' ^ r * c i e n t  ( 2 )  0 . 9 5  ( 2 )  0 . 7 7

%  A
^On ftct; i v i t i e s  o f  CPK were d i f f e r e n t  
( 1) d i f f e r e n t  muscles  
ti»0 loiBP a r i s o n  o f  CPK a c t i v i t y  between  

0r t h r e e  k i n d s  o f  muscles

( a )  DA method

Sample 11. ( 1) (N=9) M . ( I I )  (N=9)

CPK
a c t  i v i t y  
( u n i t s / m l .

9 4 . 8 4 * 0 . 9 9 9 0 . 3 9 * 3 . 4 8

s o l u t  ion p<0.01

s o l u b l e  
p r o t e i n  
( m g . / m l . 
s o l u t i o n )

1 0 . 2 9 ± 0 . 25 9 . 9 6 * 0 . 5 3

r e l a t  ive  
a c t i v i t y 9 . 2 3 ± 0 . 2 0 9 .  1 5 ± 0 .7 6

( b )  pH method

Sample M . ( I )  (N=9) M . ( I I )  (n = 9 )

CPK
a c t i v i t y 1 1 2 8 . 6 * 2 4 8 . 7 3 8 9 5 . 7 * 2 0 3 . 7 5
( m i c r o e q . I H 1
/ g . m e a t )  p < 0 . 0 5

( c )  S im u l t a n e o u s  method (DA method f o r  
both  i t ems )

Sample CPK a c t i v i t y  p v a l u e  
( x 10 u n i t s /  <

g . m e a t )

M . ( I )  8 . 6 4 + 1 . 2 1  =— —  0 . 0 5  
M . ( l l )  7 . 8 3 + 0 . 9 4  < ^ > 0 . 0 0 1  
M . ( I l l )  6 . 7 0 + 0 . 8 3  ^ — 2 ^ 0 . 0 0 1

Sample c r e a t i n e  c o n t e n t  p v a l u e  
u m o le / g . m e a t  <

M . ( I )  3 . 2 9 + 1 . 4 0  — — -  0 . 0 5  
M . ( l l )  2 . 8 0 + 1 . 0 8  ^ < > 0 . 0 1  
M . ( I I I )  2 . 5 5 + 1 . 2 8  0 . 0 5

N=10, 95% c o n f i d e n c e  

C o r r e l a t i o n  c o e f f i c i e n t

Sample CPK a c t i v i t y  c r e a t i n e  c o n t e n t

M . ( l )  =— p 0 . 8 8  ^— 7 0 . 9 8
M. ( I I )  0 ^ 0 . 8 7  ^ ^ > 0 . 9 6  (n = 1 0 )
M . (  1 1 1 ) ^ 0 . 8 9  > 0 • 99
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( I I I )  Act  
w i t h  t h a t

i v i t y  o f  CPK was c o r r e l a t e d  
o f  PHI

Sample M . U V )  M. ( V)

CPK
a c t i v i t y

9 3 0 . 8 0 ± 2 0 . 5 7  ( » 4 0 . 6 4 * 6 5 . 4 5  
p<0.001

PHI
a c t i v i t y

2 4 8 6 + 1 3 . 9  2 3 7 8 * 4 4 8 . 5  
p< 0 , 0 5

c o r r e l a -  
t ion 
c o e f f .

0 . 8 5  0 . 7 2

ri==5, 95% c o n f i d e n c e

( I V )  LDH a c t i v i t i e s  were  a l s o  d i f f e r e n t  
between two d i f f e r e n t  k i n d s  o f  muscles

Sample M . U V )  M . ( V )  Serum

LDH
a c t i v i t y

1 0 0 4 . 4  7 8 5 . 3  6 . 5 6  
± 1 1 1 . 1 1  ± 1 6 6 . 0 3  ± 1 . 1 4

DISCUSSION
By comp ar in g  t h r e e  d i f f e r e n t  methods f o r  
a s s a y i n g  CPK a c t i v i t y ,  we found t h a t  IP 
method was r e d u n d a n t ,  pH-method showed 
i t s  m e r i t  in t i m e - s a v i n g  but  r e g r e t f u l ­
l y  was found l i a b l e  t o  f l u c t u a t i o n .  A f t  
e r  r e p e a t e d  t e s t s  w i t h  m o d i f i c a t i o n s ,  i t  
was a c c e p t e d  a l o n g  w i t h  DA method.  
I n d i v i d u a l  d i v e r g e n c e s  were found among 
d i f f e r e n t  a n i m a l s  bo t h  in CPK a c t i v i t y  
and in c r e a t i n e  c o n t e n t .  But t h e r e  were  
c o r r e l a t i o n s  among d i f f e r e n t  mu scles  i . e  
i f  t h e  CPK a c t i v i t y t o r  c r e a t i n e  c o n t e n t )  
o f  one k i n d  o f  muscle  o f  an imal  A is  h i ­
g he r  th an  t h a t  o f  a n im a l  B, the n t h e  a c ­
t i v i t y  ( o r  c o n t e n t )  o f  t h e  second k i n d  
o f  muscle  o f  A is  a l s o  h i g h e r  tha n t h a t  
o f  B, and so f o r t h .  The c o r r e l a t i o n  co­
e f f i c i e n t  between c r e a t i n e  c o n t e n t s  is  
h i g h e r  th an  t h a t  between CPK a c t i v i t y .  
T h i s  can w e l l  e x p l a i n  why the  c o r r e l a t ­
ion c o e f f i c i e n t s  between CPK a c t i v i t y  
and c r e a t i n e  c o n t e n t  were d i f f e r e n t  f o r  
d i f f e r e n t  m u s c le s ,  ( a s  0 . 9 5  f o r  M . ( I ) ,  
0 . 7 7  f o r  M . U I ) ) .  And th e  d i f f e r e n c e  in 
c r e a t i n e  c o n t e n t  were  no t  in  d i s c o n f o r m -  
i t y  w i t h  t h e  work o r  f i n d i n g  o f  Dahl and  
H u n t e r ,  who d i d  not  d i f f e r e n t i a t e  t h e  di  
f f e r e n t  muscles  but  d e t e r m i n e d  muscles  
in wh ole .
So f a r  as t h e  v a r i a t i o n  c o e f f i c i e n t  is

co n c e r n e d ,  th e  v a l u e  o f  CPK is  c l o s e  t° 
t h a t  o f  P H I ,  But t h a t  o f  LDH i s  larger-  
T h i s  s i t u a t i o n  o c c u r r e d  in both  muscies' 
And no m a t t e r  which enzyme, t h e  v a r i a t '  
ion c o f f i c i e n t  o f  M . ( V) is  g r e a t e r  than 
M . U V ) .  When compar ing  t h e  LDII a c t  i v i t i 
es o f  p i g  muscles  w i t h  th e  serum LDH ac 
t i v i t y ,  we got  th e  f o l l o w i n g  r e l a t i o n s ^  
ip :  i f  LDH a c t i v i t y  in muscle  is  high,  
t h e  a c t i v i t y  in serum w i l l  be low, and 
v i c e  v e r s a .  T he r e  were 11 p a i r s  wi th  tl! 
is  r e l a t i o n s h i p .  T h i s  phenomenon is  ih 
c o n f o r m i t y  w i t h  t h a t  found in human he' 
ings and p e rh aps  can m a n i f e s t  t h e  r i i f f '  
e r e n t  m e t a b o l i c  s t a t e  o f  muscles  o f  d i '  
f f e r e n t  i rid i v i d u a  i s .
The l a s t  and th e  most im p o r t a n t  aspect  
is  t h e  c o r r e l a t i o n s h i p  between PHI and 
CPK. As in r e c e n t  y e a r s ,  th e  hatothane  
t e s t  used w i d e l y  in t e s t i n g  PSS and 
low q u a l i t y  meat s ,  our  f i n d i n g  o f  the 
c o r r e l a t  i o n s h i p  between PHI and CPK ig 
e x c i t i n g .  S i n c e  PHI is  a p r o m i s i n g  anz) 
me in p r e d i c t i n g  meat q u a l i t y  a t  least  
in th e  a s p e c t  o f  e d i b l e  p r o t e i n ,  whi !e 
t h e j i n k  o f  g e n e t i c  locus o f  PHI with  
HALn locus o f  p o r c i n e  s t r e s s  s e n s i t i v e  
gene is  w e l l  e s t a b l i s h e d ,  ( 4) , ( 11 ) ,  tb® 
amino a c i d  sequence d a t a  o f  PHI can he 
used t o  d e s i g n  an o l i g o n u c l e o t i d e  whicjL 
would h y b r i d i z e  to  t h e  c o r r e s p o n d i n g   ̂
s eque nce .  The c l o n e d  GPI gene would he 
used as a probe  to  look f o r  RFLPs U 2) e 
l i n k e d  t o  t h e  GPI lo cus and hence to tr‘ 
HAL'1 lo cu s .  Thus as a to o l  to  r e s o l v e  cfl 
proble m o f  meat q u a l i t y ,  more works ca^  
be done w i t h  PHI as  w e l l  as  CPK, the 
p o r t a n t  enzymes in m uscle .

CONCLUSION
I )  A c t i v i t y  o f  CPK was p o s i t i v e l y  c° r r f  
l a t e d  t o  t h e  c r e a t i n e  o r  t o t a l  creatir  
ine  c o n t e n t s .
I D  A c t i v i t i e s  o f  CPK were d i f f e r e n t  
ong d i f f e r e n t  k i n d s  o f  mu scles  by t h f e^  
d i f f e r e n t  a s say  methods and t h e  a c t 5v '0f 
ie s  were c o r r e l a t e d  w i t h  t h e  co nt ent s  
s o l u b l e  p r o t e i n .  t(1
H I )  A c t i v i t y  o f  CPK was c o r r e l a t e d  ^  
t h a t  o f  P H I .
I V )  A c t i v i t i e s  o f  both  PHI and LDH 
d i f f e r e n t  among d i f f e r e n t  muscles  j ,jS" 
th e  same as t h a t  o f  CPK.
V) CPK, as an index o f  meat q u a l i t y »  ,y 
been p ro ved u n e q u i v o c a l l y .  P H I ,  not
i s  v a l u a b l e  in  p r e d i c t i n g  t h e  normal j(j 
a t  q u a l i t y  and in d i f f e r e n t i a t i n g  and

1190



^ ' t i f y i n g  t h e  normal  from th e  low q u a l i -  
 ̂ meat ,  but  a l s o  in e l u c i d a t i n g  some th  

e° r e t i c a l  p ro b le m s .
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