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Background
I t  is w e ll k n o w n  th a t  th e  a - to c o p h e r o l  h a s  a c tiv ity  a g a in s t  m y o g lo b in  o x id a tio n  in  b e e f  a n d  o th e r  a n im a l s p e c ie s , a lth o u g h  th e  m e c h a n is m  

h as  n o t b e e n  c o m p le te ly  e lu c id a te d . S e v e ra l  s tu d ie s  h a v e  b e e n  d o n e  to  e v a lu a te  th is  in f lu e n c e . M o s t  o f  th e m  e x p re ss  th e  m e a t c o lo r  b y  th e  
L * a* b *  sy s te m  d e f in e d  b y  C IE  (C o m is s io n  In te rn a tio n a le  o f  L ’E c la ira n g e ) . T h e  in d e x e s  u s u a lly  u se d  a re  th e  v a lu e s  o f  L * . w h ic h  r e p re se n ts  
b r ig h tn e ss , a*  is  th e  re d -g re e n  ax is , b *  is  th e  y e llo w -b lu e  a x is , a n d  th e re  a re  a lso  th e  g e o m e tr ic  t ra n s fo rm a tio n s  o f  th e  a*  a n d  b *  v a lu e s  to  
o b ta in  th e  sa tu ra tio n  in d e x  (C * )  a n d  th e  h u e  a n g le  (h ). T h e  re su lts  in  l i te ra tu re  v a ry  fo r  se v e ra l re a so n s , so m e  w ith o u t w e ll-d e fin e d  m e c h a n is m s . 
N u tr i tio n a l b a c k g ro u n d  b e fo re  s u p p le m e n ta tio n , d ie ta ry  a - to c o p h e r o l  c o n c e n tra tio n , s u p p le m e n ta tio n  p e r io d , m u s c u la r  ty p e , an im a l sp e c ie s ,

I  b reed , s to ra g e  a n d  th e  d is p la y  c o n d itio n s  o f  th e  m e a t s e e m  to  in te r fe re  in  th e  re su lts .

Objectives
T h is  w o rk  h a s  th e  o b je c tiv e  o f  e v a lu a tin g  th e  m e a t c o lo r  in  N e lo re  s te e rs  s u p p le m e n te d  w ith  a - to c o p h e r o l  in  th e  q u a n ti ty  o f  1 ,0 0 0  m g / 

h e a d /d a y  fo r  9 8  d a y s , c o n s id e r in g  3 m u s c le s  o f  d if fe re n t c h a ra c te r is t ic s , a g e d  b y  14 d a y s  a n d  i l lu m in a te d  c o n tin u o u s ly  w ith  th e  c o o l w h ite  

flu o re scen t l ig h t fo r  5 d a y s  a t 7 °C .

M e th o d s

. T w e n ty -fo u r  3 0  m o n th s  o ld  N e lo re  s te e rs  (B o s indicus), w ith  a v e ra g e  w e ig h t o f  2 7 9  K g  a t th e  b e g in n in g  o f  th e  e x p e r im e n ta l  p e r io d  an d
■ 421 K g a t  th e  en d , w e re  u se d . H a l f  th e  a n im a ls  w e re  s u p p le m e n te d  w ith  1 ,0 0 0  m g  o f  a - to c o p h e r o l  a c e ta te  fo r  9 8  d a y s . T h e y  w e re  s la u g h te re d

an d  th e n  th e  m u sc le s  su p m sp in a tu s  (S S ) , long issim us lum borum  (L L ) a n d  sem itend inosus  (S T ) w e re  e x c is e d , a g e d  14 d a y s , a n d  f ro z e n  a t  2 0 °C  
u n til r e q u ire d  fo r  a n a ly s is . T h e n  th e y  w e re  th a w e d , c u t in  s te a k s  a n d  d isp la y e d  in  p o ly s tire n e  tra y s  w ith  o x y g e n  p e rm e a b le  p la s tic  film  a n d  
U nder c o o l w h ite  i l lu m in a tio n  f o r  5 d a y s  a t  7 °C . T h e  c o lo r  m e a s u re m e n ts  w e re  ta k e n  in  tr ip lic a te  fo r  s te a k s  in  d u p lic a te  o f  e a c h  sa m p le . T h e  

sa m p le s  w ith  p H  6 .0  o r  m o re  w e re  d isc a rd e d .
T h e  c o lo r  m e a s u re m e n t w a s  a c c o m p lis h e d  in  th e  c o lo r  sp a c e  L * a * b * , b y  re f le c tio n  m e a s u re m e n ts  u s in g  a  H u n te rL a b  C o lo r -Q u e s t II  

s p e c tro p h o to m e te r  c a lib ra te d  w ith  i l lu m in a n t D 6 5  an d  o b s e rv e r  a n g le  o f  10°. T h e  s ta tis t ic a l  a n a ly s is  o f  th e  d a ta  w a s  ru n  f ro m  th e  v a lu e s  
o b ta in e d  in  tr ip lic a te , u s in g  th e  so f tw a re  S A S  (1 9 8 5 ). T h e  p ro c e d u re  G L M  w as u se d  to  e v a lu a te  th e  e f fe c ts  o f  th e  m u s c le  (1 ,2 ,3 ) , tre a tm e n t 
0 , 2 )  a n d  d isp la y  le n g th  (1 ,2 ,3 ,4 ,5 ) , in  th e  d e te rm in e d  c o lo r  p a ra m e te rs . A  T  te s t  w as u s e d  to  a c c o m p lis h  m u ltip le  c o m p a r is o n s  b e tw e e n  p a irs  

° f  in d iv id u a l a v e ra g e  m e a s u re s  ( le a s t  sq u a re s  m e a n s ) .

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

T h e  re su lts  a re  sh o w n  in  T a b le  I . T h e  L *  v a lu e  w a s  g re a te r  in  th e  th re e  n o t su p p le m e n te d  m u sc le s  th a n  in  th e  th ree  su p p le m e n te d  m u sc le s , 
b e in g  d if fe re n t (P < 0 .0 5 )  fo r  L L  b e tw e e n  2 nd a n d  th e  4 th d a y  o f  d isp la y  an d  fo r  S S  in  th e  4 th  a n d  5 th  day. T h e  o x id a tio n  o c c u rs  in  h e te ro g e n e o u s  
fo rm  in  th e  m e a t, s ta r tin g  to  fa d e  in  d if fe re n t a re a s  o f  th e  s te a k . I t  w as  n o tic ed  d u r in g  th e  a n a ly s e s  th a t  s te a k s  w ith  la rg e r  a re a s  o f  v is ib le  fa d in g  
sh o w ed  m o re  e lev a ted  L *  v a lu e s . T h is  o b se rv a tio n  to g e th e r  w ith  h ig h e r  L *  v a lu e s  in  c o n tro ls  in d ic a te s  a  p o s itiv e  re la tio n sh ip  b e tw e e n  th e  L * 
va lu e  a n d  o x id a tio n . In  c o u n te rp o in t, th e re  is  a  fa ll  in  th e  L *  v a lu es  d u r in g  th e  d isp la y  o f  th e  m e a t b e tw e e n  1st a n d  5 lh day , w h ic h  p ro b a b ly  is 
ju s tif ie d  b y  th e  d e h y d ra tio n  o f  th e  su r fa c e  o f  th e  s te ak , o v e rc o m in g  th e  e ffe c ts  o f  th e  o x id a tio n . B u t, th e re  w as  an  in c re a se  in  th e  L *  v a lu e s  on  
th e  firs t tw o  d a y s  o f  d isp la y  fo r  L L  a n d  ST , a n d  o n  th e  f irs t th re e  d ay s  fo r  S S . T h e s e  d if fe re n c e s  a re  s ig n if ic an t in  its  m a jo r ity  (P < 0 .0 5 , n o t sh o w n  
in tab le). L IU  e t a l., (1 9 9 6 )  n o te d  th a t th e re  w a s  n o t in f lu e n ce  o f  d o se  (0 , 2 5 0 , 5 0 0  an d  2 ,0 0 0  m g /h e a d /d a y )  o r  d u ra tio n  (42  o r  126 d a y s )  o f  

I  suP p le m e n ta tio n  o f  v ita m in  E  in  th e  L *  v a lu e s  o f  f re s h  b e e f  d u r in g  d isp la y  fo r  e i th e r  o f  th e  m u sc le s  (L L , S M -sem im em branosus  a n d  G M -glu teus
m edius) o r  a g e in g  p e r io d s  (1 4 , 2 8  a n d  5 6  d a y s  fo r  L L  a n d  14 d a y s  fo r  S M  a n d  G M ). T h e  o n ly  e x c e p tio n  w as d u ra tio n  o f  s u p p le m e n ta tio n  fo r  
S M , in  w h ic h  L *  w as  h ig h e r  (P < 0 .0 1 )  f o r  4 2  d  (3 9 .0 )  th an  th a t fo r  126 d  (3 7 .6 ). L e n g th  o f  d isp la y  a f fe c te d  L * , so  th a t, b e tw e e n  0  a n d  10 d a y s  o f  
d isp lay , L *  d e c lin e d  f ro m  3 9 .7  to  3 7 .6  f o r  L L  a n d  S M , an d  f ro m  4 1 .2  to  3 8 .9  fo r  G M . M o s t s tu d ie s  fo c u s in g  th e  re la tio n sh ip  b e tw e e n  th e  c o lo r  o f  
'h e  m ea t an d  s u p p le m e n ta tio n  o f  v i ta m in  E  d id  n o t c o n s id e r  th e  L * v a lu e  ( O ’G R A D Y  e t a l., 1998 ; G A T E L L IE R  e t a l., 2 0 0 1 ; E IK E L E N B O O M  e t 
ah , 2 0 0 0 ; S T U B B S  e t a l., 2 0 0 2 )  o r  th e y  d id  n o t f in d  d if fe re n c e  (P > 0 ,0 5 )  b e tw e e n  m e a t f ro m  su p p le m e n te d  a n d  n o t su p p le m e n te d  a n im a ls  (C H A N  
et ah , 1996 ; C H A N  e t a l., 1 998 ; M IT S U M O T O  e t a l., 1998 ; H O U B E N  e t a l., 1998 ; H O U B E N  e t a l., 2 0 0 0 ). In  a  m e a t sh e lf  life  c o m p a r iso n  o f  
d iffe ren t S p an ish  b re e d s , k e p t u n d e r  m o d ifie d  a tm o sp h e re , w as  n o te d  th a t L *  in c re a se d  w ith  s to ra g e  t im e  (IN S A U S T I e t  a l., 2 0 0 1 ).

T h e  b*  v a lu e  w as h ig h e r  in  a n im a ls  s u p p le m e n te d  in  th e  th re e  m u sc le s , b e in g  d if fe r e n t  (P < 0 .0 5 )  fo r  L L  o n  th e  2 nd a n d  3 rd d ay  o f  d isp lay , 
fo r S T  o n  th e  1st an d  3 rd d a y  a n d  fo r  S S  o n  th e  4 lh day . IN S A U S T I  e t a l.(2 0 0 1 )  re la te d  b *  v a lu e s  w ith  d e te r io ra tio n  o f  th e  sm e ll  in  th e  ra w  m e a t, 

|  fu ay b e  in f lu e n c e d  b y  th e  b io c h e m ic a l  a l te ra tio n s  th a t  o c c u r  in  th e  m e a t d u r in g  th e  f irs t 5 s to c k  d a y s  u n d e r  m o d if ie d  a tm o sp h e re . M o s t s tu d ie s
R e u s in g  th e  r e la tio n s h ip  b e tw e e n  th e  c o lo r  o f  th e  m e a t a n d  s u p p le m e n ta tio n  o f  v ita m in  E  d id  n o t c o n s id e r  th e  b*  v a lu e  (G R A D Y  e t a l., 1998 ; 
° A T E L L IE R  e t a l., 2 0 0 1 ; E IK E L E N B O O M  e t a l„  2 0 0 0 ; S T U B B S  e t a l., 2 0 0 2 )  o r  th e y  d id  n o t f in d  d if fe re n c e  (P > 0 .0 5 )  b e tw e e n  m e a t f ro m  
^ P p le m e n te d  a n d  n o t s u p p le m e n te d  a n im a ls  (C H A N  e t a l., 1996 ; C H A N  e t a l., 1998 ; M IT S U M O T O  e t a l., 1998 ; H O U B E N  e t a l., 1998 ; 
H O U B E N  e t a l., 2 0 0 0 ) . L IU  e t  a l., (1 9 9 6 )  n o te d  th a t  th e  v i ta m in  E  in  th e  d ie t  c a u s e d  d e c lin e  o f  th e  y e llo w  c o m p o n e n t (P < 0 ,0 5 )  in  L L , S M  an d

d u r in g  s im u la te d  d is p la y  in  th e  re ta il  c a se .
T h e  a *  v a lu e  w as  h ig h e r  in  th e  th re e  m u s c le s  o f  s u p p le m e n te d  a n im a ls , b e in g  d if fe r e n t  (P < 0 .0 5 )  fo r  L L  o n  th e  2 nd to  th e  5 th d a y  o f  

d isP lay, fo r  S T  o n  th e  2 nd a n d  3 rd d a y  an d  f o r  S S  o n  th e  4 th an d  5 th day . T h e s e  re su lts  c o n f irm  p re v io u s  s tu d ie s , w h ic h  su p p le m e n te d  th e  a n im a ls  
|  * ith  2 5 0  to  2 ,0 0 0  m g /h e a d /d a y  (C H A N  e t a l., 1 996 ; L IU  e t  a l„  1 996 ; C H A N  e t a l., 1 998 ; G R A D Y  e t a l., 1 998 ; M IT S U M O T O  e t a l., 1998 ;

H O U B E N  e t a l., 2 0 0 0 ; S T U B B S  e t  a l., 2 0 0 2 ) . G A T E L L IE R  e t a l. (2 0 0 1 )  d id  n o t f in d  d if fe re n c e  (P > 0 ,0 5 )  b e tw e e n  su p p le m e n te d  m u sc le s  
and  c o n tro ls  (L L  a n d  T B -triceps brach ii), a n d  th e y  fo u n d  th a t  th e  a v e ra g e  a*  v a lu e  o n  th e  f irs t 3 d a y s  o f  d is p la y  w as id e n tic a l, in d ic a tin g  an  
ln c° rn p le te  o x y g e n a tio n  o f  th e  p ig m e n t  d u r in g  th is  tim e . N u m e ro u s  a u th o rs  in  l i te ra tu re , p a r t ic u la r ly  in  re d  m e a t, p r e v io u s ly  o b se rv e d  th e s e
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aL ,(2 ° ? 0 )  " I " : 01 Z  S ig n ifican t d if fe re n c e  b e tw e e n  s u p p le m e n te d  m u sc le s  an d  c o n tro ls  (LT -long issim us thoracis  
an d  P M - /w « u  m ajor). T h e y  a ls o  fo u n d  th a t  th e  a v e ra g e  a*  v a lu e , o n  th e  firs t 2 d a y s  o f  d is p la y  fo r  a g e d  m e a t a n d  o n  th e  1st d a y  fo r  f re s h  m ea t,

WaS ° : t r  uF e  ^ uP P le m e n te d  m u s c le s  (P M ) d u e  to  a  lo w e r  o x y g e n a tio n . T h e  re a so n  f o r  th a t  is n o t c le a r  y e t. F A U S T M A N  e t a l. (1 9 8 9 )  
re p o rte  lg  e r  s ta  llity  o f  th e  v a lu e s  H u n te r  ‘a ’ a n d  H u n te r  ‘C ’ fo r  to p - lo in  in H o ls te in  s te e rs  s u p p le m e n te d  w ith  v i ta m in  E  (3 7 0 m g /d a y )  th an  
fo r  c o n tro ls , a lth o u g h  a v e ra g e  L  a n d  ‘b ’ v a lu e s  w e re  la rg e r  fo r  s u p p le m e n te d  s te e rs .

T h e  c * v a lu e  w as  h ig h e r  in  a n im a ls  s u p p le m e n te d  in  th e  th re e  m u sc le s , b e in g  d if fe re n t (P < 0 .0 5 )  fo r  L L  f ro m  th e  2 nd to  th e  4 ,h d a y  o f  
d isp lay , f ° r  S T  f ro m  th e  1 to  th e  3 a n d  5 d a y  a n d  fo r  S S  ju s t  on  th e  4 th day . T h e  h v a lu e  w as lo w e r  in  th e  th re e  m u sc le s  o f  su p p le m e n te d  
a m m a  s, b e in g  d if fe re n t (P < 0 .0 5 )  fo r  L L  f ro m  th e  2 nd to  th e  5 lh d a y  o f  d isp la y  a n d  fo r  S S  o n  th e  4 th an d  5 th day . L IU  e t a l ( ^ n o t e d  th a t

J  T CleS (L L ’ S M  a n d  G M > ^ P ^ e n t e d  w ith  v ita m in  E , w h ile  th e  in c re a se  o f  th e  ‘h ’ v a lu e s  w as 
r e ta r d e d  C H A N  e t a l. (1 9 9 6 )  n o te d  th a t  th e  d e c re a s e  in th e  a*  v a lu e s  a n d  th e  in c re a se  in  th e  h v a lu e s  w e re  h ig h e r  in  th e  m u sc le s  P M  G M  and

al n  9 % ^  a n T lT N A P T Vltf IIl lnr Z  u * *  d ‘Ct' T h is  indlC 3tcd  a  b e ttc r  s ta b il i ty  o f  th e  c o lo r  in  s u p p le m e n te d  m u sc le s . C H A N  et
al. (1 9 9 6 )  an d  L A N A R I e t a l. (1 9 9 5 )  v e r if ie d  th a t  th e  h u e  a n g le  (h ) w as  h ig h ly  c o r re la te d  w ith  th e  se n so ry  a n a ly s is  o f  th e  m e a t  fa d in g  an d  it
“ " b e  a ™ r e  a p p ro p r ia te d  o b je c tiv e  m e a s u re  th a n  a*  v a lu e . C H A N  e t a l. (1 9 9 8 )  n o te d  th a t  th e  ‘h ’ v a lu e s  w e re  lo w e r  in  s u p p le m e n te d  m u sc le s  
(P M  a n d  L L ) th a n  in  c o n tro ls .

( S s I S s T r ^ n M o r n 0 ;0 ?  Z o Z  L * Value (S T > L L > S S )’ fo r  th e  b * *  (L L  l i g h t l y  > S S > S T )  a n d  fo r  th e  a*  v a lu e
^So a x tL  S T  ;,^ISUMOTO a  ' ( " 8 ) n 0 te d  th a t th e  m u s c le  P M  sh o w e d  a*  v a Iu es lo w e r  th a n  th e  m u s c le  L T  (1 2  a n d  17,2 re sp e c tiv e ly ) . 
C H A N  e t al. (1 9 9 8 )  n o te d  th a t  P M  sh o w e d  lo w e r  a*  v a lu e s  a n d  h ig h e r  h  v a lu e s  th an  L L , in d ic a tin g  th a t P M  fa d e d  m o re  q u ic k ly  th a n  L L .

c c  r  r J T * ™  ° "  thC |! rS" hreC d a y s  o f  d is p la y  th a t  th e re  w as  a  re la tio n sh ip  a m o n g  m u s c le s  f o r  th e  C *  a n d  ‘h ’ v a lu e s  (S S = L L > S T  an d  
S S < L L = S T , re sp e c tiv e ly )  w h ic h  m o d ifie d  o n  th e  tw o  s u b s e q u e n t d ay s  (S S > S T > L L  an d  L L < S S = S T , re sp e c tiv e ly ) . T h is  w a s  d u e , m a in ly  to  
h ig h e r  r e la tiv e  fa ll  o f  t h e b *  v a lu e  in  L L  o n  th e  la s t tw o  d a y s  o f  d isp lay . L L  se e m s to  b e  m o re  re s is ta n t  to  o x id a tio n  o f  m y o g lo b in  th a t re m a in in g  
m u sc le s . A c c o rd in g  to  th e s e  f in d in g s , L IU  e t  a l. (1 9 9 6 )  n o te d  th a t  th e  m e a t c o lo r  s h e lf  life  fo r  m u sc le s  fo llo w e d  th is  o rd e r  L L > S M > G M  w h ile  
th e  a - to c o p h e r o l  c o n c e n tra tio n  sh o w e d  th e  in v e rse  o rd e r. R E N E R R E  (1 9 9 0 )  c la s s if ie d  L L  a s  o f  m o s t an d  S S  o f  le a s t  s ta b il i ty  by  co lo r. ’

C o n c lu s io n s

T h e  a - to c o p h e ro l  s u p p le m e n ta tio n  r e ta rd e d  th e  m y o g lo b in  o x id a tio n  w ith  lo w e r  d e c re a s e  o f  a*  a n d  C *  v a lu e s  a n d  re ta rd a tio n  o f  ‘h ’ v a lu e  
in c re a se . T h e  e f fe c t o f  a - to c o p h e r o l  s u p p le m e n ta tio n  o n  m y o g lo b in  o x id a tio n  m a n ife s te d  a f te r  th e  firs t d a y  o f  d is p la y  T h e  L *  v a lu e  se e m s  to  
h av e  a  p o s itiv e  r e la tio n s h ip  w ith  o x id a tio n , m o s tly  in  th e  m u sc le s  L L  an d  S S . T h e re  w e re  d if fe re n c e s  a m o n g  m u sc le s  S S , S T  a n d  L L  reg a rd in g  
c o lo r  s ta b ility : th e  m u s c le  L L  h a s  sh o w n  b e t te r  s ta b ility . A ll th e  a n a ly z e d  p a ra m e te rs  w e re  im p o r ta n t in  b e e f  c o lo r  e v a lu a tio n .
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T a b 'e  I C o lo r  p a ra m e te rs  in  a g e d  b e e f  (L L , S T  a n d  S S ) f ro m  v ita m in  E  su p p le m e n te d  a n d  n o t s u p p le m e n te d  a n im a ls  (c o n tro l) , d is p la y e d  in 
s im u la te d  re ta il  c o n d itio n s  fo r  5 d a y s . v , J

Treatment Display
days

L* a* b* C* h
LL ST SS LL ST SS LL ST SS LL ST SS LL ST SS

Control 1 day 41 ,9ac 54.0ad 35.2“ 17.3“ 14.0ad 19.0“ 23.4“ 19.3ad 23.1“ 29.2“ 23.9ad 30.0“ 53.9“ 54.1“ 51.1“
2 days 43.3ac 55.8ad 36.0“ 12.3“ 10.9ad 15.3“ 20 .0“ 17.8ad 20 .8“ 23.5“ 20.9ad 25.8“ 58.2“ 58.2“ 53.8“
3 days 39.0ac 55.3ad 40.0“ 11.9“ 10.3ad 12.8“ 16.8“ 17.6ad 17.5“ d 20.7“ 20.4“ 21.7“ 54.6“ 59.4ad 53.7“
4 days 36.5“ 51.9“ 1 36.2“ 10.9“ 11.6ad2 12.3ad 13.4“ 17.7“1 19.4“ 17.4“ 21.2ad 22.9“ 50.7“ 56.7ad 57.6ad
5 days 31.9“ 53.4ad 36.4“ 11.0“ 10.0 “* 10.6acd 11.3“ 16.3ad 17.5“ 15.8“ 19.2ad 20.4“ 45.7“ 58.3ad 58.7ad

Supplem ented 1 day 41.3“ 53.7ad 53.6“ 17.4“ 14.9ad 19.5“ 23.5“ 20 .2b2d 22.7“ 29.2“ 25.1b2d 29.9“ 53.5“ 53.7“ 49.7“
2 days 40.3bc 55.2ad 35.1“ 14.2*^ 12.0 b2d 15.1“ 21 .2bc 18.4ad 2 0 .2“ 25.5bc 22 .0 b3d 25.2“ 56.3b2c 57.0“ 53.3“
3 days 35.8*“ 54. l ad 38.4“ 14.1bc 11.8“ 13.6“ 18.3*“ ' 18.6b3c 17.5“ 23. l 1“ 2 2 .1“ 22.2“ d 52.4*“ 57.7ad 52.3“
4 days 34.3bc 50.4ad 33.9^ 12.6“ 14.4*“ 14.1“ 18.2“* 20.8be i s ^ 1* 2 2 . 1“1 25.3bc 47.6bc 55.5ad 55 4 M
5 days 30.0“ 52.9ad 34.4b2e n s * I 1.0ad 12.21“ 11.5“ Q. 17.6ad 16.7“ 20:4“ 21.4ad 42.9bc 57.7ad 55.5te

or b3 (P<0.06 to b*, P<0.09 to C*) 
cde -  values with different letters inside the same treatment and display period and among different muscles is different (P<0.05) or d2 (P<0.08 to a
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