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B a c k g r o u n d

T h e  m e a t  in d u s tr ia l  s to ra g e  a n d  p ro c e s s in g  p ro c e d u re s  a f fe c t l ip id  a n d  c h o le s te ro l  o x id a tio n . H e a t tre a tm e n t, sh re d d in g , m in c in g , s to r in g  
an d  s o d iu m  c h lo r id e  a d d it io n  a re  a v a ila b le  f o r  o x id a tiv e  c a ta ly s is  (K a n n e r , 199 4 ). C h o le s te ro l  o x id a t io n  m a y  p ro c e e d  b y  th e  sa m e  m e c h a n is m s  
fo r  l ip id  o x id a tio n , p ro d u c in g  a  w id e  v a r ie ty  o f  c h o le s te ro l  o x id e  (K im  &  N aw ar, 1 9 9 4 ). D ie ta ry  o x y s te ro ls  m a y  s u b s ta n tia lly  in c re a se  
th e  a th e ro g e n ic ity  o f  l ip o p ro te in s  a n d  th e  o x id a tio n  o f  tr ig ly c e r id e - r ic h  l ip o p ro te in  (V in e  e t a i ,  199 8 ). T h e y  a ls o  m a y  c a u s e  cy to to x ic ity , 
an g io to x ic ity , m u ta g e n ic ity  a n d  e v e n  c a rc in o g e n ic ity  (S m ith , 198 7 ). O n e  w ay  to  in c re a se  th e  o x id a tiv e  s ta b il i ty  o f  lip id s  a n d  c h o le s te ro l  in  fo o d  
is to  in c re a s e  th e  a m o u n t o f  n a tu ra l  a n t io x id a n ts  su c h  a s  a - to c o p p h e r o l  (v ita m in  E ) o r  p -c a ro te n e  in  th e  d ie t. F e e d in g  d ie ts  s u p p le m e n te d  w ith  
v itam in  E  a p p lie d  to  a n im a ls  l ik e  c h ic k e n s , c o w s , an d  p ig s  re s u lte d  in  v ita m in  a c c u m u la tio n  in  th e  a n im a l m u s c le  an d  b e t te r  o x id a tiv e  s ta b il i ty  
u n d e r  p ro o x id a tiv e  c o n d it io n  s u c h  a s  s to ra g e  an d  c o o k in g  (D e W in e  &  D ir in c k , 1997).

O b je c t iv e s

D e m o n s tra te  th e  p ro te c tiv e  e f fe c t  o f  f e e d in g  d ie ts  su p p le m e n te d  w ith  v ita m in  E  o n  c h o le s te ro l  o x id e s  in  th e  c o o k e d  h am , an  im p o rta n t 

P ro c e ssed  m e a t c o n s u m e d  a ll o v e r  th e  w o rld .

M e th o d s

S ix te e n  c ro ss b re d  p ig s  (L .W  X  L  P ), e ig h t  b a r ro w s  a n d  e ig h t g il ts  w e re  r a n d o m ly  a l lo te d  to  o n e  o f  th e  fo u r  tre a tm e n t  g ro u p s : 1) c o n tro l  
d ie t c o n ta in in g  n o  s u p p le m e n ta ry  v i ta m in  E , 2 )  d ie t  fo rm u la te d  to  c o n ta in  100  m g  o f  v i ta m in  E /k g  d ie t, 3 ) 2 0 0  m g  o f  v i ta m in  E /k g  d ie t, 4 )  
4 0 0  m g  o f  v ita m in  E /k g  d ie t. T h e  d ie ts  w e re  s u p p le m e n te d  w ith  v ita m in  E  in  th e  fo rm  o f  a - to c o p h e r o l  (R o v im ix  50% ® , H o ffm a n n -L a R o c h e , 
nu tley , N J  -  U S A ). T h e  f e e d in g  p e r io d  w a s  c o m p le te d  in  116  d a y s , an d , th en , th e  p ig s  w e re  im m e d ia te ly  s la u g h te re d . A f te r  th e  c h il l in g  
P e rio d , th e  b iceps fe m o r is  m u s c le s  w e re  r e m o v e d  f ro m  th e  c a rc a s s  to  p ro d u c e  th e  c o o k e d  h a m s . B e fo re  th e  c o o k e d  h a m  p ro c e s s in g , th e  b iceps  
fem o ris  s a m p le s  w e re  ta k e n  a n d  s to re d  a t  -2 0 °C  f o r  th e  a n a ly s is . T h e  c o o k e d  h a m  w a s  p ro d u c e d  in  a n  in d u s tr ia l  u n it, an d  w e re  s to re d  a t  a t  5°C  
d u rin g  2  m o n th s  to  b e  a n a ly s e d . T h e  b iceps fe m o r is  s a m p le s  w e re  th a w e d  an d  h o m o g e n a te d  w ith  b le n d e r . T h e  e x tra tio n  a n d  d e te rm in a tio n  o f  
to ta l lip id s  w e re  u n d e r ta k e n  a c c o rd in g  to  F o lc h , L e ss  a n d  S ta n le y ’s m e th o d  (1 9 5 7 ). T h e  c h o le s te ro l  a n d  c h o le s te ro l  o x id e  w e re  d e te rm in e d  
s im u lta n e o u s ly  b y  H ig h  P e r fo rm a n c e  L iq u id  C h ro m a to g ra p h y  a c c o rd in g  to  S a n d e r  et a l m e th o d  (1 9 8 9 )  m o d if ie d  b y  B a g g io  an d  B ra g a g n o lo
(2 0 0 0 ). T h e  c h o le s te ro l  a n d  c h o le s te ro l  o x id e s  o f  c o o k e d  h a m  w e re  a n a ly s e d  th e  sa m e  w ay  d e s c r ib e d  a b o v e  a t  0 , 3 0  a n d  6 0  s to r in g  d a y s . T h e  
s ta tis tic a l s ig n ic a n c e  o f  th e  d if fe re n c e  b e tw e e n  th e  c h o le s te ro l  lev e ls  in  b iceps fe m o r is  m uscle  a n d  c o o k e d  h a m  w a s  d e te rm in a d  b y  A N O V A . 
T h e  d if fe re n c e  s ig n if ic a n c e  a m o n g  th e  a v e ra g e s  w a s  d e te rm in e d  b y  T u k e y  te s t. T h e  s ta tis t ic a l  a n a ly s is  o f  th e  c h o le s te ro l  a n d  c h o le s te ro l  o x id e s  
fro m  c o o k e d  h a m  a m o n g  th e  t r e a tm e n ts  a n d  sex  d u r in g  6 0  d a y s  p e r io d  (0 , 3 0  a n d  6 0  d a y s )  w a s  te s te d  in  a  s p li t-p lo t  d e s ig n  (G o m e s , 198 5 ). A ll 
d a ta  w e re  a n a ly z e d  u s in g  th e  G e n e ra l  L in e a r  M o d e l  p ro c e d u re  o f  S A S (1 9 9 9 ) .

B e s u l ts  a n d  D is c u s s io n s

A s  th e  v i ta m in  E  le v e ls  in  th e  d ie t  w e re  in c re a s e d , a  r e d u c tio n  in  c h o le s te ro l  c o n te n ts  o c c u r re d , re a c h in g  3 0 %  in  th e  s u p p le m e n ta tio n  lev e ls  
° f  4 0 0  m g  o f  v ita m in  E /k g  d ie t. A s  f a r  a s  w e  k n o w  in fo rm a tio n  o n  th e  r e d u c tio n  o f  th e  c h o le s te ro l  le v e ls  in  s w in e s  w ith  th e  v ita m in  E  in g e s tio n  
has n o t b e e n  fo u n d  in  l i te ra tu re  u n ti l  th e  p re s e n t. A  s ig n if ic a n t d if fe re n c e  (P  < 0 .05)  a m o n g  th e  se x e s  w e re  o b se rv e d , w ith  th e  b a r ro w s  sa m p le s  
P re sen tin g  an  a v e ra g e  o f  4 1 .4 6  ±  0 .4 2  m g /1 0 0  g , s u p e r io r  to  th e  o n e s  o f  th e  g ilts , th a t  is , 3 8 .1 6  ±  0 .4 0  m g /1 0 0 g . T h e  d if fe re n c e s  o b se rv e d  in  
f t e  c h o le s te ro l  le v e ls  a m o n g  th e  b a r ro w s  a n d  g ilts  c a n  b e  a ttr ib u te d  to  th e  h o rm o n e  fa c to rs  (W e n k  e t a i ,  1 9 8 0 ), s in c e  th e  a n im a ls  h a d  re c e iv e d  
the  sa m e  d ie t  a n d  h a d  h a d  th e  s a m e  tr e a tm e n t.  R o w e  e t al. (1 9 9 7 )  o b s e rv e d  th e  a v e ra g e  4 7 .3 9  ±  3 .2 4  m g /1 0 0 g  fo r  th e  c h o le s te ro l  c o n te n t in  
SW|ne h am . T h e re fo re , th e y  a re  le v e ls  v e ry  c lo s e  to  th o s e  o b s e rv e d  in  th e  p re s e n t  w o rk , d e s p i te  th e  u s e  o f  d if fe re n t a n a ly s is  m e th o d o lo g y , an d  
ltie s a m p le  su b m is s io n  to  c o o k  in  b o il in g . B a g g io  a n d  B ra g a g n o lo  (2 0 0 0 )  u s in g  th e  sa m e  m e th o d o lo g y  o f  th is  s tu d y  o b se rv e d  th e  fo llo w in g  
ch o le s te ro l c o n te n ts : 4 6 .0  ±  5 .0 ;  3 5 .0  ±  2 .0 ; 2 7 .0  ±  3 .0  e  8 1 .0  ±  6 .0  m g /1 0 0 g  in  th e  tu rk e y ’s w in g , th ig h , c h e s t  a n d  sk in , re sp e c tiv e ly . T h e  
ch o le s te ro l le v e ls  o b s e rv e d  fo r  th e  tu r k e y ’s w in g  a re  c lo s e  to  th o se  o b ta in e d  in  th e  h a m  c o n tro l  sa m p le s . D u r in g  th e  c o o k e d  h a m  p ro c e ss in g  
a s ig n if ic an t r e d u c tio n  (P  < 0 .05)  in  c h o le s te ro l  c o n te n ts  o c c u r re d , in  a ll  th e  tre a tm e n ts  a n d  se x e s , c o m p a r in g  th e  re s u lts  o b ta in e d  in  th e  h a m  
atld  co o k e d  h am , im m e d ia te ly  a f te r  th e  p ro c e s s in g . W e su p p o s e  th a t  th is  re la tiv e  r e d u c tio n  is  p ro b a b ly  d u e  to  th e  h a m  m a s s  in c re a se  w ith  
*hc in je c tio n  o f  th e  c u re  s o lu tio n , s in c e  in  z e ro  t im e  s to ra g e  c h o le s te ro l  o x id e s  w e re  n o t o b s e rv e d  in  th e  sa m p le s  o f  c o o k e d  h a m . D u r in g  th e  
st° r in g  p e r io d , a  d e c re a s e  in  c h o le s te ro l  c o n te n ts  in  c o o k e d  h a m  o c c u r re d  (F ig u re  1), b u t m o re  e v id e n t  in  t r e a tm e n t 1 (c o n tro l) , r e d u c in g  to  
a t the  sa m e  tim e  th a t  in c re a s in g  th e  le v e ls  o f  v i ta m in  E  in  th e  d ie t. T h e  re d u c tio n  in  c h o le s te ro l  c o n te n ts  d u r in g  th e  s to ra g e  o f  c o o k e d  h am , 
N early  o b se rv e d  in  t r e a tm e n ts  1 a n d  2 , w a s  fo llo w e d  b y  th e  in c re a se  in  c h o le s te ro l  o x id e  c o n te n ts  (F ig u re  2 ) , c o n f irm in g  th e ir  o r ig in . T h e  
c ho les te ro l le v e ls  fo r  tre a tm e n t  4  sa m p le s  re m a in e d  p ra c tic a lly  c o n s ta n t w ith  s u p p le m e n ta tio n  le v e ls  o f  4 0 0  m g  o f  v i ta m in  E /k g  feed . In  h a m

c o o k e d  h a m  sa m p le s , in  z e ro  t im e  ( in it ia l)  s to ra g e , c h o le s te ro l  o x id e s  h a d  n o t b e e n  d e te c te d  in  th e  tre a tm e n ts  o r  sex . A f te r  3 0  s to r in g  d ay s  
( . . s t e r o l  o x id e s  h a d  b e e n  d e te c te d  in  th e  c o o k e d  h a m  sa m p le s  ( tre a tm e n ts  1 a n d  2 ). T h e  c h o le s te ro l  o x id e  fo u n d  w as c h o le s ta -4 ,6 -d ie n -3 -o n e  
.. len o ), in  c o n c e n tra tio n s  v a ry in g  f ro m  2 .5 6  ±  0 .0 8  to  4 .1 8  ±  0 .11  p g /g ; a n d  2 0  a - h y d ro x y c h o le s te ro l  (2 0 R -O H ), in  c o n c e n tra tio n s  v a ry in g  
^ 0lT1 2 .2 2  ±  0 .0 7  to  3 .1 5  ±  0 .11  p g /g . D u r in g  th e  6 0  s to r in g  d a y s , a  s u b s ta n tia l in c re a se  in  th e  to ta l c h o le s te ro l  o x id e , in  th e  c o o k e d  sa m p le s  

am  o f  tre a tm e n ts  1 a n d  2 , o c c u r re d . T h is  in c re a s e  is  m a in ly  d u e  to  th e  p re s e n c e  o f  2 4 -k e to c h o le s te ro l  ( c h o le s t-5 -e n -2 4 -o n e ) , in  c o n c e n tra tio n s  
ary in g  f ro m  3 4 .1 5  ±  1 .48  to  6 0 .1 1  ±  2 .61  p g /g . A lso , 2 5 -h y d ro x y c h o le s te ro l  w as  fo u n d  in  tre a tm e n ts  1 a n d  2  s a m p le s , h o w ev e r, in  sm a ll 

C oncen tra tions, v a ry in g  f ro m  4 . 1 8 ± 0 . 1 3 t o 6 . 3 3 ± 0 . 1 9  p g /g . In  tre a tm e n t 3 sa m p le s  c h o le s ta -4 ,6 -d ie n -3 -o n e  w as  d e te c te d  in th e  c o n c e n tra tio n s  
ary in g  fro m  2 .6 6  ±  0 .0 7  to  3 .2 2  ±  0 .0 8  p g /g , a n d  2 0 a -h y d ro x y c h o le s te ro l  in th e  c o n c e n tra tio n s  v a ry in g  f ro m  2 .6 0  ±  0 .0 8  to  2 .9 9  ±  0 .0 9  p g /g , 

e?esen tin g  a  b e h a v io r  s im ila r  to  tre a tm e n t  2  w ith  3 0  s to r in g  d ay s . N o  c h o le s te ro l  o x id e  w a s  o b s e rv e d  in  th e  tre a tm e n t 4  sa m p le s . M o n a h a n  
^ a l .  ( 1992 ) a ls o  o b s e rv e d  a  s ig n if ic a n t r e d u c tio n  in  c h o le s te ro l  o x id e  c o n te n ts , in  th e  sw in e  m e a t sa m p le s  w ith  su p p le m e n ta tio n  o f  2 0 0  m g  

v 'ta rn in  E /k g , w h en  s to re d  in  c o ld  p la c e  a f te r  c o o k in g . T h e  c h o le s te ro l  o x id e  c h o le s ta -4 ,6 -d ie n -3 -o n e  h a s  b e e n  o b se rv e d  in  d if fe re n t fo o d  

v ? ^ UctS’ su c h  a s  b o v in e  a n d  sw in e  fa t  (C h e n  e t al., 199 4 ); b o v in e  m e a t (V ajd i &  N aw ar, 1 9 7 9 ), c h ic k e n  m e a t (H w a n g  &  M a e rk e r, 1993 ), w ith  
a Ues v a ry in g  f ro m  0 .3 6  to  5 .9  p g /g , d e p e n d in g  o n  th e  p ro c e s s in g  an d  s to ra g e . T h e  c h o le s te ro l  o x id e  2 0  a -h y d ro x y c h o le s te ro l  w as  re p o rte d
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in  sw in e  a n d  b o v in e  m e a t f ? i e  e t a l , 1 9 9 1 ), sa la m i a n d  p a rm e s a n  c h e e s e  (S c h m a rr  e t a l ,  19 8 3 ), in  c o n c e n tra tio n s  v a ry in g  f ro m  0 .1 4  to  10 .88  
!*§/§• C o n s id e r in g  th e  tu rk e y  m e a t, th e  c h o le s ta -4 ,6 -d ie n -3 -o n e  a n d  2 0  cc -h y d ro x y ch o le s te ro l w e re  a ls o  d e te c te d  in  c o n c e n tra tio n s  f ro m  0 .3 3  
±  0 .0 3  to  7 .6 5  ±  0 .8 7  p g /g  in  th e  sa m p le s  o b ta in e d  in  th e  m a rk e t (B a g g io  &  B ra g a g n o lo , 2 0 0 0 ) . 2 5 -h y d ro x y c h o le s te ro l  is  c o n s id e re d  th e  m o s t 
c y to to x ic  c h o le s te ro l  o x id e , i t  w a s  f o u n d  in  s w in e  m e a t a n d  p o u ltry  (F in o c h ia ro  &  R ic h a rd s o n , 1 9 8 3 ), in  M ila n o  sa la m i a n d  m o r ta d e lla  (N o v e lli  
e t a l., 1998 ), in  c o n c e n tra tio n s  v a ry in g  f ro m  0 .4 2  to  1 5 .8 2  p g /g . R e fe re n c e s  o n  2 4 -k e to c h o le s te ro l  in  fo o d  h av e  n o t b e e n  fo u n d , h o w ev e r, th e ir  
p re se n c e  in  c o o k e d  h a m  sa m p le s  w e re  c o n f irm e d  in  H P L C  a n d  G C -M S , w ith  9 7 %  p ro b ab ility .

Conclusion
L e v e ls  o f  4 0 0  m g  o f  v i ta m in  E /k g  fe e d  s u p p l ie d  d u r in g  116 d a y s  b e fo re  s la u g h te r in g  re d u c e s  3 0 %  o f  c h o le s te ro l  in  h a m  sa m p le s . T h e  sa m e  

fe e d in g  p e r io d , 2 0 0  m g  s u p p le m e n te d  le v e ls  o f  v i ta m in  E /k g  f e e d  o r  m o re  m a in ta in e d  th e  to ta l c h o le s te ro l  o x id e  v a lu e s  b e lo w  10 p g /g  (su p e r io r  
l im it fo r  h e a lth )  in  th e  c o o k e d  h a m  d u r in g  6 0  c o ld  s to r in g  d ay s .
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