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ä ^ D ö c n o N
b e lie v e d  th a t  p e ro x id a tiv e  
in  m eat a re  in i t ia t e d  a t  th e  

^ ^ h e  le v e l.  The l ip id s
O vT j^a ted  w ith  th e  s u b c e llu la r
ghe:
¿^Piasmic
^ l e s  ( e .g . , m ito c h o n d ria ,

re tic u lu m )
s u s c e p tib le

a re
o ^ ^ u la r ly  s u s c e p tib le  to  
C o ^ ^ io n  b y  v ir t u r e  o f  t h e ir  

o f  P h o s p h o lip id s  c o n ta in in g  
t l v e ly  la rg e  am ounts o f  

et ^ s a tu r a te d  f a t t y  a c id s  (P earson 
/ 1 9 7 7 ). V a r io u s  a tte m p ts

been made t o  re d u ce  l i p id  
Of ^ t io n  in  m eats th ro u g h  th e  use 
fc ^ -^ h h io x id a n ts . F o r exam ple , 

& C o n n o lly  (1980) reduced  
o f  r a n c id ity  deve lopm en t in  

ii i ^  P o rk  b y  in c lu d in g  v ita m in  E 
fe e d  (80 xn g /kg /a n im a l) f o r  

<̂a^ s b e fo re  s la u g h te r  o f  th e

ih,
am ple e x p e rim e n ta l e v id e n ce  

t o  th e  p r o te c t iv e  r o le  
^ o p h e r o l a g a in s t p e ro x id a tiv e  
| 0ns in  c e l lu la r  ( In g o ld  e t  

(W .198'?) and s u b c e llu la r  membranes 
 ̂ et  a l . ,  1989 ; B u ck le y  e t  

■U ’u?989) • T hus, th e  p re s e n t s tu d y  
on th e  h y p o th e s is  th a t  

^ to j^ ^ h le  le v e ls  o f  l i p id  
^  <1(3 a tio n  th a t  p o s s ib ly  o c c u r in  
U ^ ^ l u l a r  membranes and o th e r  

com ponents even d u r in g  th e  
% t: g ro w th  and deve lopm en t o f

^him aXs can be  m in im iz e d  b y  
^ H ^ ^ h h a t io n  o f  th e  d ie t  w ith  
:> rp ^ h r it io n a l le v e ls  o f  v ita m in  

h is  m ig h t h e lp  to  e x p lo it  th e  
g tc w th  p o te n t ia l o f  m eat 

s and y ie ld  b e t te r  q u a lit y

m ea t. P re v io u s  s tu d ie s  in  o u r 
la b o ra to ry  (A sgha r e t  a l . ,  1989; 
B u c k le y  e t  a l . ,  1989) have 
d e m o n s tra te d  th e  b e n e f ic ia l e f fe c ts  
o f  fe e d in g  v ita m in  E -supp lem ented  
d ie ts  t o  b r o ile r s  and p ig s , 
re s p e c t iv e ly ,  on th e  o x id a t iv e  
s t a b i l i t y  o f  m em brane-bound l ip id s  
and m eat p ro d u c ts . T h is  p re s e n t 
re p o r t  d e m o n s tra te s  fu r th e r  th e  
advan tages o f  fe e d in g  d if fe r e n t  
le v e ls  o f  s u p p le m e n ta l v ita m in  E on 
th e  g ro w th  p e rfo rm a n ce  o f  sw in e  and 
on th e  q u a lit y  o f  p o rk  d u r in g  
r e f r ig e r a te d  s to ra g e .

MATERIALS AND METHODS
S ix ty  p ig s  (b a rro w s  and g i l t s )  
a v e ra g in g  29 k g  in  w e ig h t w ere  
ra n do m ly  a s s ig n e d  fro m  l i t t e r s  t o  6 
pens w ith  a p p ro x im a te  e q u a liz a t io n  
on i n i t i a l  w e ig h t and se x . Pens 
w ere  th e n  ra n d o m ly  a s s ig n e d  to  
re c e iv e  a g ro w e r d ie t  c o n ta in in g  10, 
100 o r  200 m g/kg  v ita m in  E . Thus, 
th e re  w ere  tw o  pens o f  p ig s  fe d  each 
o f  th e  th re e  d ie ts .  The p ig s  w ere  
housed in  an e n v iro n m e n ta lly  
c o n tro lle d ,  co m p le te  c o n fin e m e n t, 
s lo t te d  f lo o r  m odem  sw in e  
f a c i l i t y .  Feed was a v a ila b le  a t  a l l  
tim e s  as a m eal in  s e lf - fe e d e r s .  
T here  was one th re e -h o ld  fe e d e r 
a v a ila b le  in  each pen and w a te r was 
a v a ila b le  ad l ib itu m  fro m  one n ip p le  
w a te re r in  each p en . Pen s iz e  was 
such th a t  pen f lo o r  space was 0.56M 2 
p e r p ig  w h ic h  is  somewhat le s s  th a n  
optim um  b y  d e s ig n  t o  p ro v id e  
c o n d it io n s  s im ila r  to  co m m e rc ia l 
sw ine  p ro d u c tio n .

P ig s  w ere  w e ighed  in d iv id u a lly  e v e ry  
tw o  weeks and pen fe e d  co nsu m p tio n  
was d e te rm in e d  a ls o  e v e ry  tw o  
w eeks. B lo o d  was draw n a t  4 -w eek 
in te r v a ls  fro m  4 p ig s  fro m  each pen 
fro m  th e  a n te r io r  vena  cava  and 
fo llo w in g  c e n t r ifu g a t io n ,  p lasm a was 
o b ta in e d  f o r  d e te rm in a tio n  o f  p lasm a 
enzyme a c t iv i t ie s  in c lu d in g  c re a tin e  
k in a s e , la c t ic  dehydrogenase  and 
a s p a r t ic  a m in o tra n s fe ra s e . P lasm a 
a - to c o p h e ro l c o n c e n tra tio n s  w ere
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a ls o  d e te r m in e d .

A t th e  te rm in a tio n  o f  th e  fe e d in g  
t r i a l ,  th e  p ig s  w e re  s la u g h te re d  a t  
th e  U n iv e r s ity  M eat la b o ra to ry  
a c c o rd in g  t o  s ta n d a rd  co m m e rc ia l 
p ro c e d u re s . Sam ples o f  t is s u e  
( l i v e r ,  h e a r t ,  k id n e y , lu n g , a d ip o se  

t is s u e )  fro m  a l l  p ig s  w e re  c o lle c te d  
and fro z e n . H o t and c o ld  c a rc a s s  
w e ig h ts  w e re  a ls o  re c o rd e d . The 
L o n q iss im u s  d o r s i m u sc le  fro m  each 
c a rc a s s  was rem oved 24 h r  postm ortem  
and fro z e n  f o r  su bse q ue n t s tu d y .
P o rk  chops (a p p ro x im a te ly  1 .5  cm 
th ic k n e s s ) fro m  8 p ig s  p e r d ie ta r y  
tre a tm e n t w e re  p la c e d  on p o ly s ty re n e  
t r a y s  (8 chops p e r t r a y ) , 
overw rapped  w ith  an o xygen -pe rm eab le  
PVC m eat s tre tc h -w ra p  and s to re d  a t  
4 ' C u n d e r f lu o re s c e n t l ig h t .  
Sam ples w ere  ta k e n  a t  0 ,3 ,6  and 10 
days f o r  v a r io u s  a n a ly s e s .

C hem ica l and b io lo g ic a l a n a ly s e s  
The a - to c o p h e ro l c o n c e n tra tio n s  in  
th e  v a r io u s  t is s u e s  w ere  d e te rm in e d  
b y  a HPLC m ethod d e ve lo p e d  in  o u r 
la b o ra to ry  (A sg h a r, u n p u b lis h e d  
d a ta ) . The a c t iv i t ie s  o f  la c ta te  
dehyd rogenase , c re a tin e  k in a s e  and 
a s p a rta te  a m in o tra n s fe ra s e  in  b lo o d  
p lasm a w ere  assayed fo llo w in g  th e  
Sigm a te c h n ic a l p ro c e d u re  (1 9 8 6 - 
8 7 ) . The e x te n t o f  o x id a t io n  in  th e  
p o rk  chops was assessed  b y  th e  TEA 
d is t i l l a t io n  p ro c e d u re  o f  T a r la d g is  
e t  a l .  (1 9 6 0 ), as m o d ifie d  b y  
C ra c k e l e t  a l .  (1 9 8 8 ). The m o d ifie d  
p ro c e d u re  in v o lv e d  th e  a d d it io n  o f  
0.01% t e r t ia r y b u t y l h yd ro q u in o n e  
(TBHQ) t o  th e  p o rk  sam ples ( f a t  
b a s is ) b e fo re  h o m o g e n iz a tio n  to  
m in im iz e  l i p i d  o x id a t io n  d u r in g  th e  
TEA t e s t .  O b je c tiv e  c o lo r
e v a lu a tio n  o f  th e  p o rk  chops was 
p e rfo rm e d  b y  d e te rm in in g  H u n te r L , 
a , b  v a lu e s . M ito c h o n d ria  and 
m dcrosom es fro m  th e  p o rk  m u sc le  w ere 
s e p a ra te d  fo llo w in g  th e  m ethod 
d e s c rib e d  b y  B u c k le y  e t  a l .
(1 9 8 9 ). The p e ro x id a tiv e  s t a b i l i t y  
o f  th e  is o la te d  membranes was 
d e te rm in e d  b y  a m o d if ic a t io n  o f  th e

m e tn y o g lo b in /h y d ro g e n  p e ro x id e  i ^ ,  
ced l i p id  p e ro x id a tio n  assay 0 
E a rn e r & H a re l (1 9 8 5 ).

o n .
RESULTS AND DISCUSSION
E ffe c t  o f  v ita m in  E 
p e rfo rm a n ce
P ig s  re c e iv in g  a h ig h  d ie ta r y  
o f  v ita m in  E (100 and 200 
showed s ig n if ic a n t  im provem ent

level 

¡nt jy
d a i ly  body g a in  in  th e  e a r ly  « S S  
phase . The adva n ta g e  in  bodyrrai (AS?g a in e d  (4% and 6%, 
d u r in g  th e  f i r s t  4 w eeks persJ 
th ro u g h o u t th e  su bse q ue n t 91 ^  
phase as com pared t o  th a t  o f j 

g ro u p  (g ro u p  1 ) .  _ Sc o n tro l
in ta k e  d a ta  (T a b le  1) in d ic a te d  t# * 
th e  h ig h  v ita m in  E -supp lem ented  P*y 
(g ro u p s  2 and 3) consumed a p p r o x ^  

m a te ly  5% m ore fe e d  th a n  th e  c o *y \^  
g ro u p  d u r in g  th e  i n i t i a l  
p e r io d . S im ila r ly ,  th e
c o n v e rs io n  e f f ic ie n c y  o f  th e  P ^  
fe d  th e  h ig h  v ita m in  E suppl® ® ® ^ 
was s ig n if ic a n t ly  (p < 0 .0 5 ) 
th a n  th a t  o f  th e  c o n tro l 
e s p e c ia lly  d u r in g  th e  e a r ly _ ^
p e r io d . The a dva n ta g es  g a in ^  £ 
g ro w th  r a te  b y  v ita m in  
s u p p le m e n ta tio n  w e re  a ls o  r e f l6* ^  
in  th e  c a rc a s s  w e ig h ts  (h o t ^ 
c o ld ) , b e in g  g re a te r  b y  2 .4  to  
th a n  th e  c o n tr o l p ig s .  However/ - 
d re s s in g  p e rc e n ta g e  and s h r in ^ j  
lo s s e s  w ere  id e n t ic a l fo r  
g ro u p s .

Enzyme a c t iv i t ie s  in  b lo o d  p lg ^ y e  
The a c t iv i t ie s  o f  
dehydrogenase  (LEH), c re a tin e  
(CK) and a s p a rta te  a m in o tra n s fe' ^  
(AST) in  th e  b lo o d  p lasm a o f 

v a r ie d  re s p e c t iv e ly  fro m  17 ^  ¡ft? 
22 t o  78 , and 1 .2  to  2 .7  u n itg ^ e  
In  g e n e ra l, th e  a c t i v i t y  of 
enzymes v a r ie d  m ore w ith  q{
p e r io d  th a n  w ith  th e  $
v ita m in  E in  th e  d ie t .  However' ̂  
a c t iv i t y  te n d e d  t o  be h i g h e r ^  
and AST a c t iv i t y  lo w e r in  $
p ig s  fe d  h ig h  le v e ls  o f  v i t 3 1 ^ ^  
(g ro u p s  2 and 3) com pared
c o n tro l g ro u p  d u r in g  th e  ^



^4~8 w eeks  ̂ o f  "th e  fe e d in g

A c t iv it ie s  o f  L f f l,  CK and AST 
e been used  as in d ic a to r s  o f

V

damage in  l i v in g  o rg an ism s 
et  a l . ,  1 9 8 7 ). A h ig h

f)U v f f y  o f  th e s e  enzym es in  b lo o d  
^ f tna means a h ig h  r a te  o f  c e l l  

A d m in is tra t io n  o f  excessvtorv>rv-v r*-4U
^ h i ^ e ro 1  is  b e lie v e d  to  p ro te c t  
h o t ^  re ^  0611 membranes w h ic h  a re
i w , 1ecJ iip p e d  w ith  de novo l i p id  

and t o  a le v ia te  o x id a t iv e  
i t  (E ls a s  & M cC orm ick, 1 9 8 6 ).

A lso  d e c re a se s  T B A -re a c tiv e  
( i^ A h c e s  (TEARS) in  b lo o d  serum  

e t  a l . ,  1 9 8 8 ). H ow ever, as 
it^ A -h  E d e f ic ie n c y  was n o t 
hot ^Vec* th e  p re s e n t s tu d y , i t  is  
Of p r i s i n g  th a t  th e  a c t iv i t ie s  

CK and AST in  a l l  th re e  
o f  p ig s  w e re  w ith in  no rm a l

a ^ f e t a t io n  o f  a - to c o p h e ro l in  

i t  C o n c e n tra tio n s  o f  a -to c o p h e ro l
it jO ^ fe r e n t  t is s u e s  s ig n if ic a n t ly  

(p < 0 .05) w ith  in c re a s in g  
2), ® ° f  d ie ta r y  v ita m in  E (T a b le  

° W ever' th e  re sp on se  among th e  
o rg a n s  v a r ie d  and 

in  th e  o rd e r : 
^ p 0^ <lu n g s <h e a rt <l i v e r . The

t is s u e  and m u sc le  a ls o  
a s u b s ta n t ia l in c re a s e  in  

Jhcrtrs^ " ;j-0n o f  a. - to c o p h e ro l w ith  
^ iir i^ ^ fh g  d ie ta r y  c o n c e n tra tio n s .

^  tre n d s  w ere  a ls o  obse rve d  
^ & >^ '"b o c o p h e ro l d e p o s it io n  in  th e  
f t2 S Qrnal and m ito c h o n d r ia l

^ions.

3 i 0 i t e re n c e s  in  th e  c o n c e n t-
o f  a - to c o p h e ro l in  th e  

f r a c t io n s  is o la te d  
— L . d o r s i m u sc le s  o f  p ig s  

A f f e r e n t  le v e ls  o f  v ita m in  
c le a r ly  r e f le c te d  in  th e  

^  ' s t a b i l i t y  o f  th e  m em brane-
l ip id s  when th e  m ito c h o n d ria  

s u b je c te d  to  th e  
^ lo b in /h y d ro g e n  p e ro x id e

o f

J h e  L._
 ̂ .'he h s -p-p^

p e ro x id a tio n  sys tem  (F ig u re  1 ) .  A 
s im ila r  tre n d  was o b se rve d  f o r  th e  
m ic ro so m a l f r a c t io n s  (d a ta  n o t shewn 
h e re ) .

E f fe c t  o f  a - to c o p h e ro l on m eat 
q u a lit y
D ata  in  T a b le  3 shew th e  in flu e n c e  
o f  d if f e r e n t  d ie ta r y  le v e ls  o f  
v ita m in  E on c e r ta in  q u a lit y  
c h a r a c te r is t ic s  o f  p o rk  chops when 
exposed t o  f lu o re s c e n t l ig h t  a t  4 'C 
f o r  10 d a ys . TEARS num bers 
in c re a s e d  w ith  s to ra g e  tim e  in  a l l  
ca se s , a lth o u g h , as e x p e c te d , th e  
p o rk  chops fro m  g ro u p  3 e x h ib ite d  
th e  s m a lle s t in c re a s e  in  TEARS 
num bers. A n o th e r n o tic e a b le  fe a tu re  
was th a t  th e  "a "  v a lu e  (re d n e ss) o f  
p o rk  chops d e crea se d  m a rk e d ly  d u r in g  
s to ra g e  u n d e r f lu o re s c e n t l ig h t .  
A g a in , th e  r a te  o f  c o lo r  fa d in g  was 
lo w e s t in  p o rk  chops fro m  g ro u p  3 
(200 mg v ita m in  E /k g  fe e d ) fo llo w e d  
b y  g ro u p  2 (100 m g /k g ). O v e ra ll
d r ip  lo s s  was a ls o  s m a lle s t in  p o rk  
chops fro m  g ro u p  3 . Two fa c to r s  may 
a cco u n t f o r  t h is  phenom enon. F ir s t ,  
th e  h ig h  c o n c e n tra tio n  o f  
a - to c o p h e ro l in  p o rk  chops may 
p ro te c t  th e  in t e g r i t y  o f  th e  c e l l  
membrane fro m  fre e z e  in ju r y ,  th u s  
re ta in in g  th e  s a rc o p la s m ic  f lu id  
w ith in  th e  m usc le  c e l ls .  Second, as 
a r e s u lt  o f  th e  p re se n ce  o f  o n ly  
v e ry  s m a ll q u a n t it ie s  o f  TEARS, 
c ro s s lin k in g  o f  m a lo na ld e hyd e  w ith  
th e  fu n c t io n a l am ino g ro u p s  o f  
p r o te in  w o u ld  be  m in im a l and w o u ld  
n o t decrea se  t o  any e x te n t p r o te in  
b in d in g  o f  w a te r m o le c u le s .

CONCLUSIONS
R e s u lts  o f  t h is  s tu d y  re v e a l th a t  
th e  e f fe c ts  o f  v ita m in  E 
s u p p le m e n ta tio n  on th e  g ro w th  
p e rfo rm a n ce  o f  p ig s  a re  o n ly  
a p p a re n t a t  an e a r ly  age . W ith  
advance in  age , th e  g ro w th  c u rv e s  o f  
p ig s  fe d  th e  h ig h e r  le v e ls  o f  
v ita m in  E te n d e d  t o  beccme p a r a lle l 
t o  th a t  o f  th e  c o n tr o l g ro u p , 
s u g g e s tin g  th a t  th e  a dvan tage  g a in e d  
in  body w e ig h t in  th e  e a r ly  g ro w th
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p e r io d  a c tu a lly  p e rs is te d  i  
subsequen t pha se s . P re v io u s  s tu d ie s  
in  t h is  la b o ra to ry  w ith  b r o ile r s  
(A sgha r e t  a l . ,  1989) and sw in e  
(B u c k le y  e t  a l . ,  1989) have  
d e m o n s tra te d  th e  b e n e f ic ia l e f f e c t  
o f  v ita m in  E s u p p le m e n ta tio n  in  th e  
d ie t  on th e  o x id a t iv e  s t a b i l i t y  o f  
membrane and m eat l ip id s  d u r in g  
s to ra g e . A p a rt fro m  c o n firm in g  
th o s e  r e s u lts ,  t h is  s tu d y  a ls o  
d e m o n s tra te d  o th e r  p o s it iv e  e f fe c ts  
o f  v ita m in  E s u p p le m e n ta tio n  in  th e  
d ie t  on c e r ta in  q u a lit y  
c h a r a c te r is t ic s  o f  m ea t. In c re a s e d  
c o lo r  s t a b i l i t y  and decrea se d  d r ip  
lo s s  a re  o f  p r a c t ic a l im p o rta n c e  to  
th e  m eat in d u s tr y .
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Table 1. Carcass characteristics of pigs fed vitamin E 
-supplemented diets3

Group 1 Group 2 Group 3

Slaughter wt (kg) 101.1+8.7 103.8±6.3 106.317.3

Hot carcass wt (kg) 75.5±6.9 77.314.7 79.116.5

dressing percentage 74.7 74.4 74.4

°°ld carcass wt (kg) 73.0±6.5 74.814.5 76.616.2

Shrinkage loss (%) 3.43 3.23 3.10

Gtoup l, lo mg vitamin E/kg feed; Group 2, 100 mg/kg; Group 3, 200 mg/kg

Figure 1. Metmyoglobin/hydrogen peroxide-initiated 
peroxidation in mitochondria isolated from the 
L. dorsi muscles of pigs fed vitamin E-supplemented 
diets. Group 1, 10 mg vitamin E/kg feed; group 2, 
100 mg/kg feed; group 3, 200 mg/kg feed



T a b le  2 . C o n c e n tra tio n s  o f  a -to c o p h e ro l in  d if f e r e n t  o rg a n s  and tis s u e s  
fro m  p ig s  fe d  v ita m in  E -supp lem en ted  d ie ts a

O rgans a -T o c o p h e ro l fu a /a  t is s u e . w e t b a s is )__ -
G roup 1 G roup 2 G roup 3 __-

B lo o d 0 .58±0 .18 2 .4 8 1 0 .5 5 4 .0 7 1 0 .7 4
K id n e ys 0 .5 0 1 0 .1 6 3 .3 8 1 0 .3 6 4 .0 2 1 0 .4 9
Lungs 0 .6 9 1 0 .1 2 5 .0 2 1 0 .9 7 6 .1 4 1 0 .4 9
H e a rt 1 .6 2 1 0 .5 5 7 .7 7 1 1 .0 1 9 .3 9 1 0 .8 1
L iv e r 3 .0 6 1 0 .5 3 9 .1 6 1 0 .9 3 1 2 .6 2 1 1 .9 4
Back f a t 0 .2 1 1 0 .0 3 1 .7 9 1 0 .3 4 2 .8 9 1 0 .2 7
M uscle 0 .5 4 1 0 .1 4 2 .6 0 1 0 .1 1 4 .7 2 1 0 .0 5
M ito c h o n d ria 1 .7 6 1 0 .0 4 1 4 .51+ 0 .83 2 0 .9 3 1 0 .7 9
M icrosam es 1 .1 7 1 0 .0 2 2 .8 6 1 0 .6 9 5 .1 6 1 0 .1 2

G roup 1 , 10 mg v ita m in  E /k g  fe e d ; G roup 2 , 100 m g /kg ; G roup 3 , 200 m g/W

T a b le  3 . E f fe c t  o f  d if f e r e n t  d ie ta r y  v ita m in  E le v e ls  on th e  q u a lit y  °^ 
p o rk  chops s to re d  a t  4 'C  u n d e r f lu o re s c e n t l ig h t a

Tim e o f  S to ra g e  G roup 1 G roup 2 G roup 3
(Days)

TEARS num bers frog m a lo n a ld e h vd e /kq  m eat'i
0 0 .2 8 1 0 .0 3 0 .2 7 1 0 .1 0 0 .2 7 1 0 -° ;
3 1 .5 4 1 0 .0 9 0 .5 6 1 0 .0 6 0 .3 5 1 0 -° ;
6 2 .9 6 1 0 .1 9 0 .9 4 1 0 .0 5 0 .5 8 1 0 -° ;
10 5 .1 7 1 0 .3 7 2 .9 6 1 0 .1 7 1 .9 3 l0 -° y

H u n te r "a "  v a lu e (re d n e ss)
0 1 0 .7 1 0 .9 1 1 .6 1 0 .6 11 .510 -5
3 1 0 .3 1 1 .5 1 1 .0 1 1 .6 1 1 .7 1 0 -°
6 7 .3 1 0 .7 9 .2 1 1 .0 1 0 .2 + 1 -3
10 7 .2 1 0 .6 7 .9 1 0 .8 8 .5 1 0 -8

P e rc e n t d r ip  lo s s
3 1 9 .0 1 0 .9 1 6 .2 1 2 .3 10 .214-2
6 2 0 .1 1 0 .8 1 9 .5 1 1 .3 1 2 .2 14 -J
10 2 1 .3 1 0 .8 2 1 .2 1 1 .0 1 4 .1 ± 3 *8

G roup 1 , 10 mg v ita m in  E /k g  fe e d ; G ro ip  2 , 100 m g /kg ; G roup 3 , 200

aP o rk  lo in s  w ere  i n i t i a l l y  fro z e n  a t  - 2 0 ' C f o r  th re e  m onths b e fo re  
c u t t in g  in to  chops f o r  th e  s to ra g e  s tu d y
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