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I Background
B u llf ro g  m e a t is  n o t o n ly  a p p re c ia te d  fo r  i ts  e x q u is ite  f lav o r  b u t a lso  a s  a  so u rc e  o f  p ro te in  o f  h ig h  b io lo g ic a l  v a lu e . D u e  to  its  lo w  fa t  a n d  

c h o le s te ro l  c o n te n ts , b u llfro g  m e a t a ls o  h a s  a  lo w  c a lo r ic  lev e l. T h e s e  c h a ra c te r is t ic s , a s s o c ia te d  w ith  a  h ig h  d ig e s tib il i ty  a f te r  c o o k in g  (a ro u n d  
8 8 % ), m a k e  it su ita b le  fo r  c a lo r ic  re s tr ic te d  d ie ts  (JO N G  &  N O L L , 1988). C o n tra ry  to  m o s t f ro g -p ro d u c in g  c o u n tr ie s , w h ic h  o b ta in  th e ir  f ro g s  
f ro m  h u n tin g , B ra z il ,  s in c e  1 9 9 5 , h a s  b e e n  th e  w o r ld ’s g re a te s t  f ro g  p ro d u c in g  c o u n try  u s in g  th e  fa rm in g  sy s te m  (L IM A  e t a l„  1 999) a n d  h av e  
d e v e lo p e d  an  u n iq u e  s la u g h te r in g  te c h n o lo g y  a s  w e ll. M o s t  f ro g s  ra is e d  in  B ra z il  b e lo n g  to  th e  b u llfro g  (R ana ca tesbeiana)  sp e c ie s , w h ic h  h a s  
sh o w e d  th e  b e s t  a d a p ta tio n  c a p a c ity  a n d  p ro d u c tiv ity  (F O N T A N E L L O  e t a h , 1987). D e s p i te  a ll th e  a d v a n c e s  in  f ro g  fa rm in g  a n d  s la u g h te r in g  
sy s te m s , p a s t  li te ra tu re  s tu d ie s  o n  b u llf ro g  m e a t  c o m p o s it io n  (A Z E V E D O  &  O L IV E IR A . 1988 ; C O R R E A , 1988; B A R B A L H O , 1991; L E M O S  
&  A N T U N E S , 1 9 9 3 /9 4 ; L IN D A U  &  N O L L , 1 988) h a v e  g re a t d isc re p a n c ie s , p o s s ib ly  b e c a u s e  th e y  w e re  c o n d u c te d  o n  n o n -u n ifo rm  a n im a l 
sa m p le s  o f  d if fe re n t g ro w th  h is to r ie s . T h e s e  s tu d ie s  d id  n o t c o n s id e r  c o m p o s it io n  v a r ia tio n  d u e  to  liv e  w e ig h t, g e n d e r , a n d  o v e ra ll c o n d itio n s  

|  u n d e r  w h ic h  th e  f ro g s  w e re  ra is e d . S in c e  th e s e  fa c to rs  a c c o u n t fo r  c o m p o s it io n a l d if fe re n c e s  in  m e a t o f  tra d itio n a l c o m m e rc ia l  a n im a ls , i t  is

a ls o  p o ss ib le  th a t  th e  d is c re p a n c ie s  f o u n d  in  f ro g  m e a t c o m p o s it io n  c a n  b e  a f fe c te d  b y  s u c h  fa c to rs .

Objectives
T h is  p a p e r  a im s  to  e s ta b l is h  th e  c h e m ic a l c o m p o s it io n  p ro file  o f  b u llfro g  m e a t o b ta in e d  f ro m  fa rm -ra is e d  a n im a ls  d u r in g  th e ir  p o s t­

m e ta m o rp h o s is  d e v e lo p m e n t, to  p ro v id e  in fo rm a tio n  le a d in g  to  th e  p ro d u c tio n  o f  s ta n d a rd iz e d  q u a li ty  f ro g  m ea t.

Methods
A n  e x p e r im e n ta l  lo t  o f  7 5 0  a n im a ls  o f  R ana  ca tesbeiana  s p e c ie s , m e ta m o rp h o s e d  d u r in g  w in te r , o f  b o th  g e n d e r  an d  in it ia l  w e ig h t  o f  

5 0  ±  5 g  w as s tu d ie d . T h e y  w e re  k e p t in  f a tte n in g  s ta lls  a n d  ra ise d  u n d e r  th e  fa rm in g  s y s te m  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 )
|  u s in g  tro u t b ra n  ra tio n  a n d  fly  la rv a e . In  o r d e r  to  m a in ta in  a n im a l d e n s ity  in  th e  s ta lls  w ith  5 0  a n im a ls /c m 2, a n o th e r  lo t  o f  7 5 0  a n im a ls  w as

fo rm e d  an d  ra ise d  u n d e r  c o n d itio n s  s im ila r  to  th o s e  o f  th e  e x p e r im e n ta l  lo t. F ro g s  f ro m  th is  se c o n d  lo t o f  s im ila r  w e ig h t a n d  s iz e  (m a rk e d  
b y  to e  re m o v a l)  w e re  u s e d  to  re p la c e  th o s e  h a rv e s te d  o r  d e a d  f ro g s  f ro m  th e  e x p e r im e n ta l  lo t. Animals; A t in te rv a ls  o f  2 8  d a y s , f ro g s  in  th e  
e x p e r im e n ta l  lo t  w e re  w e ig h e d  a n d  a  s u f f ic ie n t n u m b e r  o f  th o s e  a tta in in g  th e  se le c te d  w e ig h t  (5 0 , 100 , 150 , 2 0 0 , 2 5 0  a n d  3 0 0  ±  5 g )  w e re  
s la u g h te re d  to  g u a ra n te e  a t le a s t  3 f ro g s  o f  e a c h  g e n d e r . In  o r d e r  to  o b ta in  s u ff ic ie n t m u s c le  sa m p le  to  d e te rm in e  m e a t c o m p o s it io n , a  la rg e r  
n u m b e r  o f  a n im a ls  o f  5 0  a n d  100  g  w a s  s la u g h te re d . Slaughtering: T h e  s e le c te d  f ro g s  w e re  id e n tif ie d , w e ig h e d  an d  m a in ta in e d  o f f  f e e d  f o r  4 8  
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  ic e  (1 :1 )  f o r  15 m in u te s , th e  f ro g s  w e re  b le d  th ro u g h  c a rd ia c  v e in s  c u tt in g , 
a n d  th e ir  c a rc a s s e s  w e re  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  ic e . T h e  leg  m u s c le s  w e re  re m o v e d  a n d  w ra p p e d  
in  la b e le d  p la s tic  b a g s  a n d  k e p t in  a  f re e z e r  (-1 8 °C ) u n til  th e  c h e m ic a l a n a ly s e s  w e re  c o n d u c te d . Chemical Analyses: T h e  leg  m u sc le s  o f  e a c h  
f ro g  w e re  th a w e d  f o r  12 h o u rs  a t  4 °C  b e fo re  d e b o n in g  a n d  th o ro u g h  m in c in g  in  a  M a rc o n i sa m p le  h o m o g e n iz e r . T h e  m e a t m ix tu re  w a s  a n a ly z e d  
in  tr ip lic a te s  fo r  m o is tu re , p ro te in , fa t  a n d  a sh  c o n te n ts . A ll th e  a n a ly tic a l  m e th o d o lo g ie s  w e re  th o s e  o f  th e  A O A C  (1 9 9 6 ), e x c e p t fo r  th e  fa t 

^  c o n te n t a n a ly s is , w h ic h  fo l lo w e d  th e  m e th o d  o f  B L IG H  &  D Y E R  (1 9 8 9 ). Statistical Analysis: D a ta  w e re  su b je c te d  to  v a r ia n c e  a n a ly s is  u s in g
th e  S A E G  (v e rs io n  5 .0 )  p ro g ra m . L in e a r  r e g re s s io n  a n a ly s is  w as  c o n d u c te d  fo r  c a rc a s s  c h e m ic a l c o m p o s it io n  d u r in g  f ro g  g ro w th  (w e ig h t) . T o  
ev a lu a te  th e  e f fe c t  o f  sex  o n  th e  c h e m ic a l c o m p o s it io n  o f  f ro g  m e a t, r e g re s s io n  m o d e ls , o b ta in e d  f o r  e a c h  sex , w e re  te s te d  fo r  th e ir  eq u a lity .

R e s u l ts  and Discussion
G e n d e r  d id  n o t a ffe c t th e  c h e m ic a l c o m p o s itio n  o f  b u llfro g  m e a t (P  >  0 .0 5 )  in th e  live  w e ig h t b an d  s tu d ied . T h is  re su lt is  ra th e r  d if fe re n t f ro m  

th o se  o b se rv e d  in  p o rk  (N O L D  e t a l., 1 999 ) a n d  b e e f  (M U L V A N E Y , 1991), w h e re  in ta c t m a le s  h av e  le a n e r  m u sc le s  w ith  g re a te r  m o is tu re  an d  
lo w er fa t co n ten t. T h e se  re su lts  m a y  b e  in p a r t d u e  to  th e  fac t th a t in th e  w e ig h t b a n d  stu d ied , th e  f ro g s  h ad  n o t y e t e n te red  th e  fa tten in g  p h ase , 
w h ich  w o u ld  req u ire  th e  s tu d y  o f  a n im a ls  o f  a  g re a te r  liv e  w e ig h t. O th e r  fa c to r  to  b e  c o n s id e re d  is th e  fa c t th a t f ro g s  p o sse ss  a  sp ec ific  o rg an  fo r  
fa t a c c u m u la tio n  (fa t b o d y ) , w h ic h  is n o t p re se n t in  tra d itio n a l m e a t an im a ls . S u p p o rt fo r  th is  h y p o th e s is  c a n  b e  p ro v id e d  b y  th e  fa c t th a t  a  p o s itiv e  

I  co rre la tio n  ( r  =  0 .8 7 ; P  <  0 .0 1 )  w as  fo u n d  (R A M O S  e t a l., 1998) b e tw e e n  to ta l fa t b o d y  m ass  an d  fa t c o n te n t e x tra c te d  f ro m  b u llfro g  m ea t, w h ich
>s in a g re e m e n t w ith  L O U M B O U R D IS  &  K Y R IA K O P O U L O U -S K L A V O U N O U  (1 9 9 1 ) s tu d ie s  o n  R ana ritibunda. A c c o rd in g  to  F IT Z P A T R IC K  
(1976), b o th  c a rc a s s  an d  fa t b o d y  c o n te n ts  in  f ro g s  ex h ib it a  se a so n a l d ev e lo p m e n t a n d  a re  c o rre la te d  a n d  u se d  fo r  m a in ta in in g  m e ta b o lic  fu n c tio n s , 
In c lud ing  h ib e rn a tio n  a n d  re p ro d u c tio n . S u c h  e v id e n c e s  w o u ld  p ro b ab ly  ex p la in  th e  av o id an ce  o f  m u sc le  fa t a c c u m u la tio n  in  fro g s .

T ab le  1 sh o w s th e  c h e m ic a l  c o m p o s it io n  o f  b u llf ro g  m e a t o f  v a ry in g  liv e  w e ig h ts . A lth o u g h  th e  d if fe re n c e s  a re  m in im a l, r e g re s s io n  
an a ly s is  sh o w e d  (P  <  0 .0 5 )  th a t  in  th e  liv e  w e ig h t  b a n d  s tu d ie d , w h ic h  e m b o d ie s  th e  c o m m e rc ia l  f ro g  w e ig h ts  in  B ra z il ,  m o is tu re  c o n te n t  te n d s  
1° re m a in  s ta b le . O n  th e  o th e r  h a n d , p ro te in  c o n te n t  te n d s  to  in c re a se  w h ile  f a t  a n d  a sh  c o n te n ts  te n d  to  d e c re a s e  w ith  in c re a s in g  liv e  w e ig h t.

T ab le  2  c o m p a re s  th e  a v e ra g e  c h e m ic a l  c o m p o s it io n  o f  b u llfro g  m e a t w ith  th o se  fo u n d  in  th e  lite ra tu re . T h e  o b s e rv e d  d if fe re n c e s  m a y  b e  
a ttr ib u te d  to  v a r io u s  fa c to rs  s u c h  a s  h a b i ta t ,  c o lle c tin g  r e g io n  o r  r a is in g  c o n d itio n s , r a t io n  ty p e , s e a so n , a g e  an d  g e n e tic  c o n s titu tio n . E x c e p t  fo r  
B A R B A L H O  (1 9 9 1 ), a ll  th e  o th e r  a u th o r s  a n a ly z e d  ra n d o m ly  p ic k e d  b u llfro g s , w ith o u t c o n tro llin g  an y  o f  th e  m e n tio n e d  fac to rs .

^  A n o th e r  s o u rc e  o f  d if fe r e n c e s  m a y  b e  v a r ia tio n s  in  th e  m e th o d o lo g ie s  u se d  fo r  fa t  d e te rm in a tio n , w h ic h  p re s e n te d  th e  h ig h e s t  c o n te n t
d if fe re n c e s . A c c o rd in g  to  J O H N S O N  (1 9 7 1 )  a n d  W U  &  K O H L E R  (2 0 0 0 ), th e  a m o u n t o f  e x tra c te d  fa t  is  d e p e n d e n t o n  th e  m e th o d  u se d  a n d  its  
e ffic ien c y  is  c o r re la te d  to  th e  c h e m ic a l n a tu re  o f  th e  fa t  an d  to  th e  ty p e s  o f  a s s o c ia tio n  th e y  a re  in v o lv e d  w ith . L ip id s  th a t  a re  h y d ro p h o b ic a lly  
a s so c ia te d  m a y  b e  e x tra c te d  w ith  n o n -p o la r  so lv e n ts  su c h  a s  e th e r , c h lo ro fo rm  o r  b e n z e n e . O n  th e  o th e r  h a n d , th o s e  a s s o c ia te d  w ith  m e m b ra n e s  
re q u ire  p o la r  so lv e n ts , s u c h  a s  m e th a n o l o r  e th a n o l, to  d is ru p t  th e  h y d ro g e n  b o n d s  a n d /o r  th e  e le c tro s ta tic  fo rc e s  b e tw e e n  th e m  a n d  th e  
P ro te in s . In  a d d it io n , c o v a le n tly  b o u n d  l ip id s  c a n n o t  b e  d ire c tly  e x tra c te d  b y  an y  s o lv e n t u n le s s  a n  a c id  o r  b a s ic  h y d ro ly s is  o f  th e  sa m p le  is  f irs t 
c a rr ie d  o u t, as sh o w n  b y  A Z E V E D O  &  O L IV E IR A  (1 9 8 8 )  a n d  L IN D A U  &  N O L L  (1 9 8 8 )  w h o  u s e d  th e  A O A C  S o x h le t  m e th o d  o f  c o n tin u o u s  
ex tra c tio n , o n ly  w ith  e x tra c ts  f ro m  h y d ro p h o b ic a l ly -a s s o c ia te d  lip id s . B A R B A L H O  (1 9 9 1 )  a ls o  u s e d  th e  S o x h le t  m e th o d  b u t a f te r  a c id  
d ig e s tio n  o f  th e  sa m p le s , w h ic h  in c lu d e d  c o v a le n tly  b o u n d  lip id s  in  th e  e x tra c te d  fa t. A lth o u g h  C O R R E A  (1 9 8 8 )  a n d  L E M O S  &  A N T U N E S  

•  0 9 9 3 /9 4 )  h av e  u se d  a  fa t  d e te rm in a t io n  m e th o d  s im ila r  to  th a t  u se d  in  th is  e x p e r im e n t, w h ic h  a ls o  e x tra c ts  m e m b ra n e  b o u n d  l ip id s , a n y  o th e r
c h a n g e s , su c h  a s  s o lv e n t v o lu m e  a n d  t im e  o f  e x tra c tio n  a n d  m ix tu re , m a y  b e  a c c o u n te d  fo r  fa t  c o n te n t  d if fe re n c e s . H o w ev e r, th e  d isc re p a n c ie s  

fo u n d  b e tw e e n  th e s e  a u th o r ’s d a ta  a n d  o u rs  m a y  m o s t lik e ly  b e  d u e  to  d if fe re n c e s  in  f ro g  h e re d ita ry  a n d  m a n a g e m e n t p ra c tic e s .
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Conclusions
A t le a s t fo r  th e  B ra z il ia n  c o m m e rc ia l  f ro g  w e ig h ts  te s te d  in th is  e x p e r im e n t, sex  is  n o t an  im p o rta n t  f a c to r  in  d e te rm in in g  f ro g  m e a t 

c o m p o s it io n . A s  f o r  n u tr it io n a l c o n c e rn s , h e a v ie r  b u llf ro g s  sh o u ld  b e  re c o m m e n d e d , a s  th e ir  m e a t  te n d s  to  h a v e  a  h ig h e r  p ro te in  c o n te n t an d  
lo w e r  fa t c o n te n t.
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T ab le  1. C h e m ic a l c o m p o s it io n "  o f  b u llf ro g  (R ana  ca te sb e ia n a ) m e a t f ro m  a n im a ls  o f  v a ry in g  liv e  w e ig h t b a n d s

T im e ” (d ay s) L iv e  w e ig h t  (g ) P ro te in  (% ) F a t (% ) M o is tu re  (% ) A sh  (% )
45 49 .1  ± 4 . 0 16 .85  ± 0 .2 3 1.24 ± 0 .0 8 8 0 .9 4  ±  0 .0 9 1 .06  ± 0 .0 3
101 9 1 .0  ± 4 . 2 1 6 .3 6  ± 0 .4 3 1 .24  ± 0 .0 8 8 0 .1 8  ± 0 .5 6 1 .03  ± 0 .0 2
157 1 3 9 .9  ± 6 . 3 1 7 .0 0  ± 0 .6 3 1.24  ± 0 .1 3 7 9 .6 7  ±  0 .4 5 1 .09  ± 0 .0 2
2 6 9 1 8 8 .0  ± 4 . 7 1 7 .7 4  ± 0 .5 4 1.09  ± 0 .0 9 7 9 .6 2  ±  0 .6 6 1.05  ± 0 .0 1
35 3 2 4 5 .6  ±  9 .0 17 .44  ± 0 .4 0 1 .02  ± 0 .0 6 80 .11  ± 0 .5 9 1.01 ± 0 .0 2
4 9 3 2 8 7 .6  ±  14.9 18 .48  ± 0 .2 3 0 .9 9  ±  0 .2 3 7 9 .0 3  ±  0 .6 2 0 .9 6  ±  0 .0 3

-  Values in this table are means of six samples (3 males and 3 females) for each live weight band, and express as mean ± standard deviations 
Days after metamorphosis to attain the specified live weight.

T ab le  2 . C o m p a r iso n  o f  b u llfro g  (R ang  ca tesbe iana)  m e a t  c o m p o s it io n  w ith  li te ra tu re  d a ta

R e fe re n c e s  

E x p e r im e n t “

A z e v e d o  &  O liv e ira  (1 9 8 8 )  

C o r rê a  (1 9 8 8 )

L in d a u  &  N o ll (1 9 8 8 )  

B a rb a lh o  (1 9 9 1 )

L e m o s  &  A n tu n e s  (1 9 9 3 /9 4 )

C h e m ic a l c o m p o s it io n  (% )

M o is tu re ________________P ro te in ______________  F a t

7 9 .9 9  +  0 .8 0  17 .67  ± 0 .9 4  1.08 ± 0 .2 2

7 7 .7 0  ±  3 .5 3  18 .22  ±  0 .5 2  0 .3 3  ± 0 .1 1

8 2 .4 5  ±  1 .57  1 5 .9 4  ± 0 .0 3  0 .7 9  ± 0 .1 3

8 3 .6 8  ± 3 .6 9  16 .52  ±  1 .60  0 .31  ± 0 .1 2

7 9 .9 8  1 4 .2 0  1.21

-________________________- 0 .7 9
Values in this table are means of 84 samples (42 males and 42 females), and express as mean ± standard deviations.

A sh

1 .03  ± 0 .0 5  

0 .7 5  ±  0 .0 6  

0 .9 4  ±  0 .0 5  

0 .8 9  ± 0 .1 6

I

I
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