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Background
T h e  l ip id  o x id a tio n  is  a n  e x tre m e ly  c o m p le x  p ro c e s s  w h a t  im p lie s  se v e ra l r e a c t io n s  w h ic h  g iv e  p la c e  to  g re a t  v a r ie ty  o f  p h y s ic a l  a n d  

c h e m ic a l c h a n g e s . T h e  n a tu re  a n d  e x te n s io n  o f  th e s e  c h a n g e s  a re  in f lu e n c e d  b y  a  g re a t  n u m b e r  o f  v a r ia b le s  ( lig h t, air, te m p e ra tu re , p H , e tc .) . 
To e x p la in  th e  e x p e r im e n ta l  re s u lts , h a s  b e e n  p o s tu la te d  a  s im p lif ie d  f re e  ra d ic a ls  m e c h a n is m  in  th re e  s ta g e s : in it ia t io n , p ro p a g a tio n  an d  
te rm in a tio n .

S in c e  e v o lu tio n  o f  th e  re a c t io n  [R H ] +  0 2 —> fre e  ra d ic a ls , i t  is  th e rm o d y n a m ic a lly  d if fic u lt, th e  p ro d u c tio n  o f  th e  f irs t n e c e s sa ry  ra d ic a ls  
to  b e g in  th e  p ro p a g a tio n  o f  th e  r e a c tio n  is  u s u a lly  g o tte n  b y  m e a n s  o f  a  c a ta ly s t . I t  h a s  b e e n  p ro p o s e d  th a t  in it ia t io n  s ta g e  ta k e s  p la c e  fo r  
d e c o m p o s itio n  o f  h y d ro p e ro x id e  b y  m e a n s  o f  a  m e ta ll ic  c a ta ly s t  o r  l ig h t ex p o su re . R e c e n tly  i t  h a s  b e e n  p o s tu la te d  th a t  i t  is  th e  s in g u le t  o x ig e n  
th e  im p lie d  s p e c ie s , w h ic h  a c ts  m a k in g  th e  p ig m e n ts  o f  th e  p la n ts  an d  a n im a l tis s u e s  aw are .

O n c e  fo rm e d  e n o u g h  n u m b e r  o f  f re e  r a d ic a ls  [R -], th e  c h a in  re a c tio n  sp re a d s  w h e n  c a p tu r in g  a to m s o f  h y d ro g e n  th ro u g h  d o u b le  b o u n d s . 
In  th e s e  p o s it io n s , a f te r  o x y g e n  a d d it io n , a re  fo rm e d  th e  p e ro x id e s  ra d ic a ls  [ R O O ]  th a t  in  tu rn  c a p tu re  h y d ro g e n  o f  th e  m e tile n ic  g ro u p s  [R H ] 
° f  o th e r  m o le c u le s  to  g iv e  h id ro p e ro x id e s  [R O O H ] a n d  g ro u p s  [R-]; th e s e  in  tu rn  re a c t  w ith  th e  o x y g e n  re p e a tin g  th e  se q u e n c e  o f  d e s c r ib e d  
re a c tio n  ag a in .

T h e  h y d ro p e ro x id e s , p r im a ry  p ro d u c ts  o f  l ip id  o x id a tio n , a re  re la tiv e ly  u n s ta b le , a n d  th e y  in te rv e n e  in  n u m e ro u s  a n d  c o m p le x  ru p tu re  
re a c tio n s  a n d  in te ra c tio n  w ith  c o m p o u n d s  o f  d if fe re n t m o le c u la r  w e ig h ts , a b le  to  p ro d u c e  a ro m a s , b e in g  a lso  b io lo g ic a lly  s ig n if ic a n t.

R e c e n tly  A d a c h i e t  a l. (1 9 9 5 )  re v ise d  th e  k in e tic s  o f  th e  c h e m ic a l re a c tio n s  in c lu d e d  in  th e  d e v e lo p m e n t o f  th e  o x id a tiv e  r a n c id ity  a n d  
m fo rm e d  th a t  u n til  th e n , to  b e  th e  a u to o x id a t io n  a  q u ite  c o m p le x  p ro c e ss  th a t  ta k e s  p la c e  th ro u g h  th e  in itia tio n , p ro p a g a tio n  a n d  te rm in a tio n  
s ta g e s , th e  k in e tic s  m u s t b e  a n a ly z e d  in  e a c h  s ta g e  in  p a r t ic u la r  w ay.

N ow , i f  th e  w h o le  a u to o x id a tiv e  p r o c e s s  c o u ld  e x p re ss  th ro u g h  a  k in e tic  e q u a t io n  a n d  i f  th a t  e q u a tio n , w a s  o n ly  in  fu n c tio n  o f  th e  
q u a n titie s  o f  n o n - re a c io n  s u b s tra te  a n d  o x y g e n , w e  c o u ld  p re d ic t  th e  a u to o x id a tiv e  p r o c e s s  fo r  a ll  c o n d itio n s . T h is  c o u ld  a llo w  to  c o m p a re  th e  
s u c e p tib ility  o f  se v e ra l l ip id s  to  a u to o x id a tio n .

A c c o rd in g  to  th e  re a c tio n  m e c h a n is m s , th e  s p e e d  o f  l ip id  o x id a tio n  c o u ld  b e  h ig h  w h e n  b ig  q u a n ti t ie s  o f  f re e  ra d ic a ls  a re  in  th e  p ro p a g a tio n  
s ta ge. In  th e  e a r ly  s ta te s , th e  in i t ia t io n  a n d  p ro p a g a tio n  re a c tio n s  a re  th e  d o m in a n t  o n e s , w h ile  in  la te r  s ta te s , d u e  to  th e  in c re m e n t o f  th e  
c o n c e n tra tio n  o f  f re e  ra d ic a ls , th e  te rm in a tio n  re a c tio n s  b e g in  to  h av e  im p o rta n c e . In  th e  fina l s ta te s , th e  p ro b a b il ity  o f  o c c u r re n c e  o f  th e  
m itia tio n  re a c tio n s  a n d  o f  p r o p a g a t io n  i t  is  lo w  d u e  to  th e  d e c re a s e  o f  th e  c o n c e n tra tio n  o f  s u b s tra te s  ( fa tty  a c id s ) . (O z ilg e n , 1990)

G e n e ra lly , k in e tic  m o d e ls  f o r  o x id a tio n  w e re  b a s e d  o n  s im p le  m o d e l sy s te m s  o r  p u re  lip id s  a n d  th e  a d ju s tin g  d if fe re n c e s  to  th e  s a m e  o n e s  
b eg in  to  a p p e a r  w h e n  th e s e  m o d e ls  a re  e x tr a p o la te d  to  c o m p le x  m e a t sy s te m s , a ls o  is  a d d e d  th e  fa c t th a t  a t  h ig h  te m p e ra tu re s  th e  o x id a tiv e  
d e c o m p o s itio n  o f  m e a t sy s te m s  is  d e v e lo p e d  q u ic k ly , e x is tin g  d if fe re n c e s  a m o n g  h ig h  a n d  lo w  te m p e ra tu re s  o f  o x id a tio n  (H e n d e rso n , 198 0 ).

Gbjetivc
T h e  a im  o f  th is  w o rk  w as to  s tu d y  th e  h y d ro p e ro x id e s  fo rm a tio n  k in e tic s  o f  m e a t e m u ls io n  sy s te m s  d u rin g  c o o k in g  a t  d iffe ren t tem p e ra tu re s . 

Methods
Model system: 4 8 %  o f  b e e f , 35  %  p o rk , 15 %  la rd  a n d  2 %  N a C l w e re  g ro u n d  th ro u g h  6  m m  p la te s  a n d  e m u ls if ie d  in  a  c o llo id a l  m ill. T h e  

u iea t e m u ls io n  p re p a re d  in  c o llo id a l  m ill,  w a s  m o u ld e re d  in  p a tt ie s  w ith  th e  sa m e  w e ig h t (1 0 0  g ), d ia m e te r  (9 0  m m ) a n d  h e ig h t  ( 2 0  m m ). T h e y  
Were d iv id e d  in to  th re e  b a tc h e s  (in  d u p l ic a te d )  a n d  c o o k e d  in  a  s ta tic  sy s te m  a t  6 0 , 8 0  a n d  100  °C , re sp e c tiv e ly . L ip id  o x id a tio n  e v o lu tio n  w as 
fo llo w ed  fo r  10 h s.

Determination of Lipid Oxidation: T h e  l ip id ic  f ra c tio n  w as e x tra c te d  b y  B lig h  a n d  D y e r  m e th o d  (1 9 5 9 )  u s in g  a  m ix tu re  o f  C h lo ro fo rm : 
M e th a n o l:W a te r  (3 3 :4 2 :2 4 ) . T h e  c o n c e n tr a t io n  o f  c h lo ro fo rm ic  la y e r  w a s  c a rr ie d  o u t  in  a  R o ta v a p o r  B U C H I (R  114 ), a t  5 0  °C , u n d e r  m o d if ie d  
a tm o sp h e re .

P eroxide  Value (P V ):  L ip id ic  f ra c tio n  o b ta in e d  w as u se d  fo r  d e te rm in in g  P e ro x id e s  V a lu es . D e te rm in a tio n  o f  P e ro x id e  V a lu e  w a s  c a rr ie d  
° u t  u s in g  th e  A O C S  io d o m e tr ic  m e th o d . C d  8 -5 , u s in g  a  so lu tio n  o f  so d iu m  th io su lfa te  0 ,0 1  N . T h e  re s u lts  a re  e x p re s s e d  as m ilie q u iv a le n t o f  
P e ro x id e  by  k g  o f  sa m p le .

D eterm in a tio n  o f  k in e tic  p a ra m e te rs:  F o r  th e  d e te rm in a tio n  o f  k in e tic  p a ra m e te rs  w e  p ro c e e d e d  a c c o rd in g  to  th e  in te g ra l  m e th o d  o f  
an a ly s is  o f  d a ta , in  w h ic h  a  p a r t ic u la r  k in e tic  e q u a tio n  is  te s te d , in te g ra te d  a n d  c a lc u la te d  d a ta  o f  th e  c o n c e n tra tio n  a re  c o m p a re d  in  f ro n t  o f  th e  

m e w ith  e x p e r im e n ta l  d a ta . I f  f it is  n o t s a tis fa c to ry , it is  su g g e s te d , a n d  te s te d , a n o th e r  k in e tic  e q u a tio n .

Results and Discussion
The Peroxide value increased in all samples for all temperatures and times (Table 1).

^  The classic molecular models of lipid oxidation establish that reactions happen through mechanisms in chain controlled by formation of 
e radicals with three typical steps: initiation, propagation and termination, being the initiation step the most important on kinetic.

, th e  b a s e  o f  d e s c r ib e d  p a tte rn  o f  re a c tio n , in  th e  in it ia t io n  s te p , m o n o  a n d  b i m o le c u la r  re a c tio n s  w o u ld  b e  re sp o n a b le s  o f  o x id a tiv e  
ang e s  th ro u g h  h id ro p e ro x id e  d e c o m p o s itio n .

A t th e  b e g in n in g  o f  in it ia t io n  s ta g e , lo w  c o n c e n tra tio n s  o f  p e ro x id e s  fav o rs  a  m o n o m o le c u la r  re a c tio n , b u t w h e n  c o n c e n tra tio n  o f  p e ro x id e s  
ch es  a  c r i t ic a l  v a lu e  r e a c t io n  p a th w a y  c h a n g e  to  b im o le c u la r  (O rto la , 1998 ).

According to these hypotheses the equations proposed for initiation stage are:
Monomolecular Reaction: dPV/dt = k,. P V I/2
Bimolecular Reaction: dPV/dt = k2 /P V
Where pv=  Peroxide Value (meq Perox/kg sample).

k [ a n d  k 2 =  sp e c if ic  r e a c tio n  r a te  in  H s '1 [P V ]1/2 an d  H s '1 [P V ]2, re sp e c tiv e ly .
t= time.
Bit o f  e q u a tio n s  p ro p o s e d  to  e x p e r im e n ta l  d a ta  is  sh o w n  in  F ig u re  1 fo r  a ll  te s te d  te m p e ra tu re s  a n d  fo r  b o th  re a c tio n  o rd e rs .
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In f le c tio n  p o in t , w h o s e  v a lu e  a g re e  w ith  b e g in n in g  o f  b im o le c u la r  r e a c tio n , w a s  c a lc u la te d  b y  b e s t  a d ju s tin g  v a lu e  w ith  m a x im u m  n u m b e r  
o f  o b se rv e d  d a ta . In  sa m p le s  c o o k e d  a t  8 0  a n d  10 0  °C  in f le c tio n  p o in t  w a s  re a c h e d  a t  fo u r  h o u rs  o f  h e a tin g , in  sa m p le s  c o o k e d  a t  6 0  °C  th is  
b e h a v io r  w as  n o t o b se rv e d , e v id e n c in g  a  b e s t  fit to  m o n o m o le c u la r  e q u a tio n . T h is  c o u ld  b e  d u e  to  th e rm a l t r e a tm e n t a t lo w e r  te m p e ra tu re  d id n 't  

g e n e ra te  e n o u g h  n u m b e r  o f  n e c e s s a ry  f re e  r a d ic a ls  to  b e g in  b im o le c u la r  re a c tio n  stag e .
T h e  k in e tic  p a ra m e te rs , o b ta in e d  f ro m  g ra p h ic s , c a n  b e  o b se rv e d  in  ta b le  2.
In  th is  ta b le  is p o s s ib le  to  o b s e rv e  th a t  k  v a lu e s  w e re  a f fe c te d  b y  d if fe re n t h e a tin g  te m p e ra tu re s , b e in g  b ig g e r  to  h ig h e r  c o o k in g  te m p e ra tu re .

O n  th e  o th e r  h a n d , b im o le c u la r  r e a c t io n s  s h o w e d  h ig h e r  sp e c ific  re a c tio n  ra te  f o r  re sp e c tiv e  te s te d  te m p e ra tu re s .
U til iz a n d o  la  e c u a c ió n  d e  A r rh e n iu s  se  p u d o  d e te rm in a r  q u e  la  e n e rg ía  d e  a c tiv a c ió n  in v o lu c ra d a  e n  la  re a c c ió n  b im o le c u la r  fu e  d e  2 1 7 5 8 ,2  

C a l y e n  la  m o n o m o le c u la r  6 5 2 9 ,8  C a l, lo  c u a l  n o s  e s ta r ía  in d ic a n d o  q u e  la  e ta p a  d e  re a c c ió n  b im o le c u la r  e s  m á s  s e n s ib le  a  lo s  c a m b io s  d e  

te m p e ra tu ra .

Conclusions
T h e  p ro p o s e d  e q u a tio n s , w h ic h  c o n te m p la te  h y d ro p e ro x id e  fo rm a tio n  th ro u g h  re a c tio n s  m o n o -  an d  b i-  m o le c u la r , a llo w e d  to  d e s c r ib e  w ith  

a  g o o d  fit th e  o x id a tiv e  p ro c e s s  in  m e a t  e m u ls io n s  c o o k e d  a t d if fe re n t te m p e ra tu re s .
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T ab le  1. P e ro x id e  V a lu e s  (m e q  P e ro x id e /K g  s a m p le )

T im e  (h) P V  (60°C) P V  (80°C) P V  (100°C)

0 0 .5 3 0  ±  0 .0 6 4 0 .4 2 9  ±  0 .0 4 7 0 .2 7 8  ± 0 .0 1 4

2 0 .2 3 7  ±  0 .0 2 3 0 .8 2 1  ± 0 .0 2 3 0 .7 6 2  ± 0 .0 1 6

4 0 .6 3 4  ± 0 .0 1 8 1 .0 8 0  ± 0 .0 3 5 1 .9 2 6  ± 0 .0 5 0

6 0 .6 4 4  ± 0 .1 2 2 2 .6 2 8  ±  0 .2 0 6 1 .6 7 0  ± 0 .0 4 4

8 1 .535  ± 0 .0 6 5 3 .091  ± 0 .1 2 2 6 .2 1 9  ± 0 .2 6 2

10 1 .7 0 6  ± 0 .0 3 2 3 .3 7 9  ± 0 .1 0 9 7 .7 2 0  ± 0 .1 7 0

T ab le  2 . C a lc u la te d  k in e tic  p a ra m e te rs

T e m p e ra tu re C 0 ĉmax
M o n o m o le c u la r B im o le c u la r

k i R 2 _________ ^2_________ R 2

P V  (1 0 0 °C ) 0 .2 7 8 7 .7 2 0 0 .4 3 0 0 .9 8 5 .0 8 9 0 .8 9

P V  (8 0 °C ) 0 .4 2 9 3 .3 7 9 0 .1 9 2 0 .9 7 0 .8 2 5 0 .9 3

P V  (6 0 °C ) 0 .5 3 0 1 .706 0 .1 4 7 0 .7 5 - -

(a) (b) (c)

F ig  1. E v o lu tio n  o f  P e ro x id e  V a lu e s  in  m e a t  e m u ls io n s  c o o k e d  a t  d if fe re n t te m p e ra tu re s , a )  100  °C ; b )  8 0  °C ; c )  6 0 °C  .
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