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Background
T h e  b io c h e m ic a l c h a ra c te r is t ic  o f  s k e le ta l  m u s c le  f ib e rs  is  an  im p o rta n t f a c to r  in f lu e n c in g  m a n y  p e r i-  a n d  p o s t-m o r ta l  b io c h e m ic a l p ro c e ss  

an d  th e re b y  m e a t q u a li ty  (K L O N T  e t  a l., 1 9 9 8 ), w ith  d ire c t  e f fe c ts  o n  p ro c e s s in g  a n d  s to ra g e . T h e  p re d o m in a n t f ib e r  ty p e  o f  sk e le ta l  m u sc le  
c a n  a f fe c t m e a t te n d e rn e s s , te x tu re , ju ic e n e s s ,  flavo r, c o lo r  a n d  c a rc a s s  y ie ld  (A B E R L E  e t a l., 2 0 0 0 ) . T h e  m u s c le  f ib e r  ty p e  m a y  b e  c la s s if ie d  
b y  h is to c h e m ic a l a n d , o r, b io c h e m ic a l a n a ly s is . B io c h e m ic a l a n a ly s is  g iv e s  a  b e t te r  in d ic a tio n  o f  a e ro b ic  a n d  a n a e ro b ic  m u sc le  c a p a c ity  an d  
th u s  h a s  b e e n  u s e d  to  e v a lu a te  m u s c le  m e ta b o l ic  p ro p e r tie s  b y  m e a s u rin g  e n z y m a tic  a c tiv it ie s  (E S S E N  e t a l., 1980 ). C itra te  sy n th a se  (C S ; E C  
4 .1 .3 .7 )  a n d  la c ta te  d e h y d ro g e n a s e  (L D H ; E C  1 .1 .1 .2 7 )  a re  f re q u e n tly  u se d  as , re sp ec tiv e ly , th e  o x id a tiv e  a n d  g ly c o ly tic  m a rk e r  e n z y m e s . 
O G A T A  &  M O R I (1 9 6 3 )  c la s s if ie d  th e  m u s c le  fib e rs  o f  r e p ti le s  a n d  a m p h ib ia n s  in to  th re e  ty p e s , o n  th e  b a s is  o f  th e ir  d ia m e te r  a n d  a c tiv ity  o f  
o x id a tiv e  e n z y m e s . R e d  f ib e rs  sh o w  h ig h e r  a c tiv ity  o f  o x id a tiv e  e n z y m e s , th e  w h ite  f ib e r  sh o w s a  lo w e r  a c tiv ity  a n d  th e  m e d iu m  fib e rs  d isp la y s  
a n in te rm e d ia te  e n z y m a tic  re a c tio n . In  a m p h ib ia n s  lo c o m o to ry  m u sc le s , P U T N A M  &  B E N N E T T  (1 9 8 3 )  fo u n d  th a t  g ly c o li t ic  w h ite  fib e rs  
o c c u p ie s  8 0  to  9 0 %  o f  th e  a re a  o f  th e  b u lk  r e g io n , w ith  th e  r e m a in d e r  c o m p o s e d  o f  m e d iu m  fib e r  (g ly c o ly tic  a n d  o x id a tiv e  c h a ra c te r is t ic s ) . In  
R ana p ip ien s  m u sc le s , re d  f ib e rs  (o x id a tiv e )  g e n e ra lly  a c c o u n te d  fo r  le s s  th a n  1%  o f  th e  c ro ss  se c tio n a l a rea . A lth o u g h  b u llfro g  m e a t a ls o  h a s  a  
v isu a l a p e a ra n c e  s u g g e s tin g  a  w id e  p r e d o m in a n c e  o f  w h ite  f ib e rs , M O U R A  (2 0 0 0 )  r e p o r te d , d e p e n d in g  o n  th e  s tu n n in g  p ro c e d u re , an  8 to  12 
h o u rs  d e la y  in  R ig o r  M o r t is  d e v e lo p m e n t in  th is  a m p h ib ia n . T h is  is a  v e ry  e x te n s iv e  t im e  fo r  R ig o r  d e v e lo p m e n t in  g ly c o ly tic  m u sc le s  a n d  m ay  
in d ic a te  f ib e r  d if fe re n tia tio n  f ro m  w h ite  (g ly c o ly tic )  to  re d  (o x id a tiv e )  w h ic h  m a y  b e  in f lu e n c e d  b y  its  p o s t-m e ta m o rp h o s is  g ro w th  ( liv e w e ig h t)
. sp e c ia lly  d u e  to  e x e rc is e  a n d  t r a in in g  e f fe c t  (L A W R IE , 1 9 8 5 ) o f  ju m p in g  ac tiv ity . H o w ev e r, th e  l i te ra tu re  c o n c e rn in g  m o s t o f  th e  d o m e s tic  
an im a ls  in d ic a te s  th a t  f ib e r  d if fe re n tia tio n  o c c u rs  th e  o th e rw a y  a ro u n d  ( f ro m  re d  to  w h ite )  a s  a n im a l a g e s  (K A R L S O N  e t  a l., 1999 ; A B E R L E  e t 
ah , 2 0 0 0 ) e v en  th o u g h  L A W R IE  (1 9 8 5 )  e s ta b l is h e s  th a t  th e  c y to c h ro m e  o x id a s e  ac tiv ity  a t b ir th  is o n ly  8 p e r  c e n t o f  its  a d u lt  v a lu e . H o w ev er, 
so  fa r  as  w e  k n o w  th e re  is  n o  l i te ra tu re  in d ic a tio n  o n  th e  e f fe c t o f  ag e  o n  a m p h ib ia n  m u s c u la r  m e ta b o lic  c h a n g e s .

Objectives
T h e  a im  o f  th is  p a p e r  w a s  to  e v a lu a te  th e  o x id a tiv e  an d  g ly c o ly tic  c a p a c ity  o f  b u l l f ro g  sk e le ta l  m u s c le s  f ib e rs  a n d  th e ir  d if fe re n tia tio n  

d u rin g  p o s t-m e ta m o rp h o s is  g ro w th , b y  m e a n s  o f  e v a lu a tin g  th e  r e la tio n s h ip  b e tw e e n  L D H  a n d  C S  a c tiv itie s .

Methods
S ix  m e ta m o rp h o s e d  a n im a ls  o f  e a c h  se le c te d  w e ig h t  (1 0 0 , 150, 2 0 0 , 2 5 0  a n d  3 0 0  ±  5 g )  w a s  o b ta in e d  f ro m  U F V  A n fr ig ra n ja  f ro g  fa rm in g  

sy s tem , d e v e lo p e d  b y  L IM A  &  A G O S T IN H O  (1 9 8 8 ). Slaughtering; T h e  se le c te d  f ro g s  w e re  id e n tif ie d , w e ig h e d  a n d  m a in ta in e d  o f f  f e e d  fo r  
48  h o u rs  b e fo re  s la u g h te r in g . A f te r  s tu n n in g  b y  im m e rs io n  in  w a te r  a n d  ice  (1 :1 )  fo r  15 m in u te s , th e  f ro g s  w e re  b le d  b y  c u tt in g  th e  c a rd ia c  
Veins, a n d  th e ir  c a rc a s s e s  e v is c e ra te d , w a s h e d  a n d  b a th  c h il le d  in  a  ta n k  c o n ta in in g  w a te r  a n d  ice . T h e  gastrocnem ius  m u s c le s  w e re  re m o v e d  
an d  o n e  o f  th e m  w a s  im m e d ia te ly  s u b m itte d  to  th e  e n z y m e  e x tra c tio n  p ro c e d u re . T h e  o th e r  m u s c le  w a s  s u b m itte d  to  p ig m e n t  a n a ly s is . Enzyme 
extraction: E a c h  m u s c le  w a s  m in c e d  in  a  M a rc o n i sa m p le  h o m o g e n iz e r , w e ig h te d  a n d  h o m o g e n iz e d  in  19 tim e s  th e ir  v o lu m e  in  a  b u f fe r  (p H  
7 >4) c o n ta in in g  2  m M  E D T A  a n d  175 m M  KC1. H o m o g e n a te s  w e re  f ro z e n  a n d  th a w e d  th re e  tim e s  a n d  th e n  c e n tr ifu g e d  a t  3 0 0 0  g  (4 °C ) fo r  
10 m in u te s  (P U T N A M  &  B E N N E T T , 1 9 8 3 ). S u p e rn a ta n ts  w e re  u s e d  fo r  e n z y m a tic  a n a ly s is . Enzyme Activities: T h e  la c ta te  d e h y d ro g e n a s e  
(L D H ) a s sa y  fo llo w e d  th e  p ro c e d u re  o f  B E R G M E Y E R  &  B E R N T  (1 9 7 4 )  a n d  c itra te  s y n th a s e  (C S ) fo llo w e d  th e  p ro c e d u re  o f  S R E R E  (1 9 6 9 ). 
T h e  p ro te in  c o n te n t o f  th e  s u p e rn a ta n ts  w a s  d e te rm in e d  u s in g  th e  b iu re t  assay . A ll e n z y m e  a c tiv it ie s  w e re  e x p re ss e d  in  te rm s  o f  m ic ro m o le s  
° f  p ro d u c t p e r  m in u te  a n d  g ra m  o f  m u s c le  (U /g  m u s c le )  o r  m ic ro m o le s  o f  p ro d u c t p e r  m in u te  a n d  g ra m  o f  p ro te in  (U /g  p ro te in ) . Pigment 
A n a ly s is : T h e  p ig m e n t c o n te n t  w a s  e v a lu a te d  fo llo w in g  th e  h e m a tin  p ro c e d u re  (H O R N S E Y , 1 9 5 6 ) m e a s u re d  a t  6 4 0  n m . T h e  a c h ro m a tic  
a tte n u a n c e  o f  l ig h t  a t 7 3 0  n m  (K R Z Y W IC K I , 1 9 7 9 ) w a s  u s e d  to  a v o id  tu rb id ity  in te r fe re n c e .

Results and Discussion
T h e  re su lts  s h o w  th a t  b o th  th e  g ly c o ly tic  (F ig u re  1 A )  a n d  o x id a tiv e  (F ig u re  IB )  m e ta b o lis m  o f  b u llfro g  gastrocnem ius  in c re s e a  w ith  ag e  

( liv ew e ig h t). H o w ev e r, i t  b e c o m e s  in c re a s in g ly  m o re  o x id a d tiv e  (F ig u re  1C ) w ith  a g e  ( lo w e r  L D H  /  C S  ra tio )  w h ic h  is  a c c o m p a n ie d  b y  an  
" 'c re a s e  in  to ta l p ig m e n t  c o n c e n tr a t io n  (F ig u re  ID ) . In c re a s e  in  o x id a tiv e  m e ta b o lis m  a n d  p ig m e n t  c o n c e n tra tio n  w ith  a g e  is in  a g re e m e n t 
Wlth  th e  f ib e r  d if fe re n tia tio n  t re n d  d e s c r ib e d  b y  L A W R IE  (1 9 8 5 )  in  p o rk  u p  to  o n e  y e a r  o f  a g e  a n d  w h ic h  is re la te d  to  an  in c re a s e  in  m u sc le  
m y o g lo b in  c o n c e n tra tio n . I t  is  a ls o  s u p p o r te d  b y  S u z u k i a n d  C a sse n s  (1 9 8 0 )  in  p ig s  f ro m  b ir th  to  8 w e e k s  o f  a g e  (K A R L S O N  e t a l., 1999). 
H ow ever, th is  t re n d  is  in  o p p o s it io n  to  th o s e  r e p o r te d  b y  A B E R L E  e t al. (2 0 0 0 )  a n d  m o s t o f  th e  re s e a rc h  re v ie w d  b y  K A R L S O N  e t a l. (1 9 9 9 )  
' n P ° rk . T h e  in c re a se  in  o x id a tiv e  m e ta b o l is m  ( lo w e r  L D H  /  C S  ra tio )  in  b u llf ro g  gastrocnem ius  m u s c le  m a y  re f le c t th e  tra in in g  e f fe c t  re p o rte d  

y L A W R IE  (1 9 8 5 )  a n d  m a y  b e  d u e  to  th e  f a c t  th a t  f ro g  ra is e d  in  c a p it iv ity  b e c o m e  le s s  a c tiv e , lo w e r in g  its  ju m p in g  a c tiv ity  as  th e  n e e d  to  ru n  
®fter fo o d  a n c j f r o m  p rec j a t o r s  a r e  m in im iz e d . In  a d d it io n , h e a v ie r  f ro g s  d o m in a te  th e ire  m a te s  a n d  p re v a il  w ith  re s p e c t to  fo o d  a c c e ss  in  th e  

an n . In  th is  w ay  a s  it a g e s  th e  b u l l f ro g  so  ra is e d  b e c o m e s  a  s lo w e r  ju m p e r  a n d  th e  gastrocnem ius  m u s c le  is  le s s  re q u ire d  a s  w e ll a s  its  n eed  
0 r  an im m e d ia te  e n e rg y  so u rc e . C H O I  &  P A R K  (1 9 9 6 )  sh o w e d  th a t to a d s , s lo w  ju m p in g  f ro g s , c o m p a re d  to  R ana, f a s t  ju m p in g  f ro g s , h av e  

a  g re a te r  C S  /  L D H  ra tio  in  ga stro cn em iu s  m u sc le . D e s p i te  th e  a b o v e  d isc u ss io n , th e s e  c h a n g e s  d o  n o t s e e m  e n o u g h  to  c h a n g e  m u s c le  f ib e r 
c a ss if ic a tio n  a n d  a lte r  p o s t-m o r te m  r ig o r  d e v e lo p m e n t a s , th o u g h  C S  a c tiv ity  in c re a se s  p ro p o r tio n a lly  m o re , th e  n o m in a l in c re a s e  in  L D H  
activ ity  is m u ch  g re a te r  (F ig u re s  1A  a n d  IB ) .  In  th is  w ay , th e  h ig h  R M  tim e  fo u n d  by  M O U R A  (2 0 0 0 )  in  b u llfro g s  is m o s t p ro b a b ly  in f lu e n c e d  

y th e  m e b a lo lic  a n d  p h y s io lo g ic a l  c h a ra c te r is t ic s  o f  f ro g  m u sc le s , s u c h  a s  its  c a p a c ity  to  m e ta b o liz e  la c ta te  (F O U R N IE R  &  G U D E R L E Y , 
" 2 ;  F O U R N IE R  e t a l., 1 9 9 4 ), u ti l iz e  a la n in e  a s  an  en e rg y  su b s tra te  (S T O R E Y  &  S T O R E Y  19 8 6 ), a s  w e ll as  p o s s e s  a  h ig h  c a p a c ity  to  a b s o rb  

a tm o sp h e ric  o x ig e n  (B R O W N  JR ., 1964 ).

C o n c lu s io n s

A lth o u g h  th e  g a s tro c n e m iu s  m u s c le  o f  fa rm  ra is e d  b u llfro g  b e c o m e s  in c re a s in g ly  m o re  o x id a tiv e  (h ig h e r  C S /L D H  a c tiv ity  ra tio ) , th e  

m u sc le  f ib e r a re  p re d o m in a n tly  w h ite , w ith  m u c h  h ig h e r  L D H  a c tiv ity  th a n  C S  ac tiv ity .
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