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Background

G rillin g  o f  m e a t a n d  fish  p ro d u c ts  m a y  g e n e ra te  lo w  p p b  le v e ls  o f  m u ta g e n ic /c a rc in o g e n ic  h e te ro c y c lic  a m in e s  (H A s) . M a n y  h e te ro c y c lic  
a m in e s  a re  fo rm a tte d  v ia  th e  M a illa rd  re a c tio n  f ro m  c re a tin e , c re a tin e in e , f re e  a m in o  a c id s  a n d  m o n o sa c c h a r id e s ;  c o m p o u n d s  n a tu ra lly  
o c c u r r in g  in  p ro te in -r ic h  fo o d s  o f  a n im a l o r ig in . T h e  fo rm a tio n  a n d  a m o u n t o f  H A s  a re  d e p e n d e n t o n  p h y s ic a l  p a ra m e te rs , su c h  a s  c o o k in g  
te m p e ra tu re  an d  tim e , c o o k in g  te c h n iq u e  a n d  e q u ip m e n t, h e a t  a n d  m a s s  tra n sp o r t , a n d  o n  c h e m ic a l p a ra m e te rs , e s p e c ia lly  th e  p re c u rso rs  
o f  H A s . T h e  m o s t  c o m m o n  H A s  in  c o o k e d  fo o d s  a re  2 -a m in o -3 ,8 -d im e th y lim id a z o [4 ,5 - f ]q u in o x a lin e  (M e lQ x )  a n d  2 - a m in o - l-m e th y l-6 -  
p h e n y lim id a z o [4 ,5 -b ]p y r id in e  (P h IP ) , w h ic h  b e lo n g s  to  m u ta g e n s  in  A m e s  te s t  a n d  sh o w s c a rc in o g e n ic ity  in  a n im a l te s tin g  (S k o g , 1998; 
T ay lo r, 1984 ). A g e in g  o r  c o n d itio n in g  o f  b e e f  is  n o rm a l p ro c e d u re  w ith  u n p ro c e s s e d  m e a t a s s o c ia te d  w ith  an  in c re a se  in  te n d e rn e s s  a n d  flavor. 
In  th e  c a s e  o f  in c re a se d  a m o u n t  o f  p re c u rs o rs  o f  H A s  a r is in g  d u r in g  m e a t ag e in g  e .g . f re e  a m in o  a c id s , it m a y  c a u s e  in c re a se d  fo rm a tio n  o f  
so m e  H A s  d u r in g  c o o k in g . O u r  h y p o th e s is  is  th a t  th e  s ta g e  o f  b e e f  a g e in g  in c re a se s  th e  a m o u n t o f  H A s  in  c o o k e d  m e a t, b e c a u s e  o f  in c re a se  
o f  p re c u rso rs  e s p e c ia lly  f re e  a m in o  a c id s .

Objectives

T h e  o b je c tiv e  o f  th is  s tu d y  w a s  to  e x a m in e  th e  r e la tio n  b e tw e e n  s ta g e  o f  a g e in g  b e e f  m e a t m e a s u re d  a s  f re e  a m in o  a c id s  c o n te n t  a n d  
fo rm a tio n  o f  h e te ro c y c lic  a m in e s  in g r i lle d  b e e f  (m. long issim us dorsi-  L D ).

Methods

E ig h t S im m e n ta l b u lls  a g e d  f ro m  19 to  2 0  m o n th s  w e re  s la u g h te re d  in  a n  in d u s tr ia l s la u g h te rh o u s e  a n d  n o rm a lly  c h ille d . 2 4  h o u rs  a f te r  
s la u g h te r  e ig h t L D  m u s c le s  w e re  e x c is e d  a n d  d iv id e d  in to  3 p o r tio n s , v a c u u m  p a c k e d  a n d  c o n d itio n e d /a g e d  a t  1°C  fo r  0  (n o n -a g e d  sa m p le ) , 2  
an d  4  w e e k s  (a g e d  sa m p le s ) . A f te r  a g e in g  th e  sa m p le s  w e re  f ro z e n  a n d  s to re d  a t  -2 1 °C  ti l l  a n a ly se s .

S a m p le s  f o r  d e te rm in a tio n  o f  f re e  a m in o  a c id s  w e re  h o m o g e n iz e d , th e n  e x tra c te d  a n d  a n a ly z e d  w ith  a m in o -a n a ly z e r  (C o rd o b a , 199 4 ). 
E x tra c tio n  re c o v e ry  ra te s  w e re  d e te rm in a te  b y  th e  a d d it io n  o f  a  k n o w n  a m o u n t o f  L -n o r le u c in e  ( in te rn a l s ta n d a rd ) , a n d  f re e  a m in o  a c id s  w e re  
id e n tified  an d  q u a n tif ie d  u s in g  r e te n tio n  t im e  a n d  s p e c tra  f ro m  s ta n d a rd s  o f  k n o w n  c o n c e n tra tio n , ru n  u n d e r  th e  sa m e  c o n d itio n s .

B e e f  L D -s te a k s  w e re  g r i lle d  to  a  c o re  te m p e ra tu re  T c=  8 0  °C  o n  b o th  s id e s  s im u lta n e o u s ly  u s in g  d o u b le -p la te  te f lo n  c o a te d  h e a tin g  d ev ice . 
T h e  s iz e  o f  s te a k s  w a s  10 c m  x  5 c m  x  2 .5  c m . N o  sa lt  o r  o il  w a s  ad d e d . T h e  te m p e ra tu re  o f  h e a tin g  p la te s  w a s  2 2 0 °C .

A b o u t tw o  m ill im e te rs  th ic k  o u te r  la y e rs  o f  th e  g r i lle d  m e a t w e re  e x tra c te d  a n d  a n a ly z e d  fo r  H A s  u s in g  r e v e rse -p h a se  H P L C  (M u rk o v ic  
et al., 2 0 0 0 ; B o rg e n  et a l. , 2 0 0 1 ) . E x tra c tio n  re c o v e ry  ra te s  w e re  d e te rm in a te  b y  th e  a d d it io n  o f  a  k n o w n  a m o u n t o f  H A s  ( in te rn a l s ta n d a rd ) , 
and  H A s  w e re  id e n tif ie d  a n d  q u a n tif ie d  u s in g  r e te n tio n  t im e  a n d  sp e c tra  f ro m  s y n th e tic  s ta n d a rd s  o f  k n o w n  c o n c e n tra tio n , ru n  u n d e r  th e  sa m e  

co n d itio n s .
T h e  d a ta  w e re  s ta tis t ic a lly  a n a ly z e d  b y  th e  m e th o d  o f  th e  le a s t s q u a re s  u s in g  th e  G L M  p ro c e d u re  (S A S , 1990). T h e  s ta tis t ic a l  m o d e l f o r  

H A s c o n te n t o f  b e e f  m e a t  in c lu d e s  th e  e f fe c ts  o f  c o n d itio n in g /a g e in g  (n o n -a g e d , 2  a n d  4  w e e k s  a g e d ) .

Results and discussion

T o ta l f re e  a m in o  a c id s  c o n te n t ( ta b le  1) s ig n if ic a n tly  in c re a se d  (P < 0 .0 0 0 1 )  an d  r e d o u b le d  in  b e e f  L D  m u s c le  d u r in g  4  w e e k s  a g e in g  (1 9 ,7 4  
Vs- 3 8 .4 5  p m o l/g ) . A f te r  T a y lo r  (1 9 8 4 )  in c re a s e  in  f re e  a m in o  a c id s  in c re a se s  m u ta g e n s  fo rm a tio n .

T ab le  1 a n d  f ig u re  1 s h o w s  th e  a m o u n t  o f  H A s  fo rm e d  in  b e e f  s te a k s  a g e d  d if fe re n t tim e . M e lQ x  a n d  P h IP  w e re  d e te c te d  in  a ll s a m p le s . 
T h e  ra te  o f  a g e in g  in f lu e n c e s  o n  th e  a m o u n t  o f  f re e  a m in o  a c id s  a n d  in d ire c t  in c re a se s  th e  a m o u n t o f  M e lQ x  a n d  P hIP . M e lQ x  s ig n if ic a n tly  
lnc re a s e s  (P < 0 .0 1 )  a f te r  4  w e e k s  a g e in g  a n d  P h IP  in c re a se s  s ig n if ic a n tly  (P < 0 .0 0 1 )  a lre a d y  a f te r  tw o  w e e k s  o f  a g e in g . T h e s e  re s u lts  c o n f irm  
° u r  h y p o th e s is  th a t  w ith  in c re a s e d  s ta g e  o f  b e e f  a g e in g  a ls o  in c re a se s  fo rm a tio n  o f  h e te ro c y c lic  a ro m a tic  a m in e s  in  g r i lle d  b e e f  p re p a re d  to  
re la tiv e ly  h ig h  c o re  te m p e ra tu re  o f  80 °C .

Conclusions

T h e  a m o u n t o f  H A s  in  b e e f  m e a t d e p e n d s  o n  ra te  o f  ag e in g .
T h e  la rg e s t  a m o u n t o f  H A s  w a s  f o rm e d  in  b e e f  a g e d  4  w eek s .
T h e  r a te  o f  a g e in g  h ig h ly  in c re a s e s  P h IP  f ro m  0 ,0 4 6  n g /g  a t 0  w e e k  to  0 ,2 1 3  n g /g  a t 4  w eek s .
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T im e  o f  a g e in g  (w e e k s) S ig n if ic a n c e  o f  e f fe c t  (P -

0  (n = 8 ) 2  (n = 8 ) 4  (n = 8 ) v a lu e )

T o ta l f re e  a m in o  a c id s  ((jm o l/g ) 1 9 ,7 4 8 ± 3 ,0 0 9 2 9 ,9 4 1  ± 5 ,2 2 9 3 8 ,4 5 7 ± 4 ,2 0 8 < 0 ,0 0 0 1

M e lQ x  (n g /g ) 0 ,1 6 3 a± 0 ,0 4 9 0 ,1 6 7 a± 0 ,0 5 3 0 ,2 1 0 ± 0 ,0 2 4 0 ,0 0 6 5

P h IP  (n g /g ) 0 ,0 4 6 ± 0 ,0 4 9 0 ,1 19± 0 ,051 0 ,2 1 3 ± 0 ,0 5 1 < 0 ,0 0 0 1

3 Means with the same letter were not significantly different (P> 0.05); 
n -  number of repetition
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F ig u re  1. H A s  in  b e e f  s ta k e s  a f te r  d if fe re n t t im e  o f  ag e in g .
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