
^IZA TIO N  OF BROILER L IP ID S  (INCLUDING CHOLESTEROL) THROUGH DIETARY SUPPLEMENTATION WITH SPICE EXTRACTS 

^ PEZ-BO TE1 , E .A .  GOMAA, J . I .  GRAY and C.J .  FLEGAL

^ttient o f  F o o d  S c i e n c e  a n d  H u m a n  N u t r i t i o n ,  M i c h i g a n  S t a t e  U n i v e r s i t y ,  E a s t  L a n s i n g ,  M I  4 8 8 2 4 ,  U . S . A .  

*Siänt a d d r e s s :  F a c u l t a d  d e  V e t e r i n a r i a .  U n i v e r s i d a d  d e  E x t r e m a d u r a .  1 0 0 7 1  C a c e r e s .  S p a i n .

The e f f e c t  o f  d i e t a r y  a d m i n i s t r a t i o n  o f  n a t u r a l  a n t i o x i d a n t s  o n  l i p i d  s t a b i l i t y  i n  c h i c k e n  b r e a s t  m e a t  

Stu<lied. A f t e r  9 d a y s  o f  r e f r i g e r a t e d  s t o r a g e ,  t h e  t h i o b a r b i t u r i c  a c i d - r e a c t i v e  s u b s t a n c e s  (TB A R S )  o f  m e a t  

^ o i l e r s  f e d  t h e  c o n t r o l ,  o l e o r e s i n  r o s e m a r y  (500 m g / k g  f e e d ) ,  o l e o r e s i n  s a g e  (500 m g / k g )  a n d  v i t a m i n  E 

llD/kg) d i e t s  w e r e  0 . 51, 0 . 3 0 ,  0 . 3 5  a n d  0 . 2 5 ,  r e s p e c t i v e l y .  T h e  a n t i o x i d a n t  e f f e c t s  w e r e  a l s o  e v i d e n t  in 

^  s a m p l e s  b u t  w e r e  l e s s  m a r k e d .  T h e  c o n c e n t r a t i o n s  o f  c h o l e s t e r o l  o x i d a t i o n  p r o d u c t s  (COPS) i n  t h e  c o o k e d  

b r o i l e r s  f e d  t h e  s a g e  a n d  r o s e m a r y  e x t r a c t s  w e r e  44 a n d  4 2 %  s m a l l e r  r e l a t i v e  t o  t h e  c o n t r o l  s a m p l e s ,  

d i e t a r y  v i t a m i n  E  r e d u c e d  C O P S  b y  58%.

%

A c tio n

S p o n t a n e o u s  r e a c t i o n  o f  o x y g e n  w i t h  l i p i d s  c a u s e s  d e l e t e r i o u s  o r g a n o l e p t i c  c h a n g e s  i n  m e a t  s y s t e m s  i n  a 

'^vely s h o r t  t i m e .  R a w  p o u l t r y  m e a t  is m o r e  s u s c e p t i b l e  t h a n  r e d  m e a t  t o  t h e  d e v e l o p m e n t  o f  r a n c i d i t y  d u r i n g  

I n  a d d i t i o n ,  c o o k e d  p o u l t r y  m e a t  w i l l  d e v e l o p  w a r m e d  o v e r  f l a v o r s  m o r e  r a p i d l y  t h a n  c o o k e d  r e d  m e a t  

9 s t o r a g e ,  m a i n l y  b e c a u s e  o f  t h e  g r e a t e r  d e g r e e  o f  u n s a t u r a t i o n  o f  t h e  f a t t y  a c i d s  o f  t h e  p h o s p h o l i p i d s  

Srid P E A R S O N ,  1 9 8 7 ) .  T h e r e  is a l s o  i n c r e a s e d  s c i e n t i f i c  a t t e n t i o n  t o  t h e  p o s s i b l e  h e a l t h  r i s k s  a s s o c i a t e d  

the c o n s u m p t i o n  o f  l i p i d  o x i d a t i o n  p r o d u c t s ,  p a r t i c u l a r l y  c h o l e s t e r o l  o x i d e s  in f r e s h  a n d  p r o c e s s e d  m e a t s

S l . , 1 9 9 1 ) .

v > n g  t h e  p r a c t i c e s  u s e d  t o  d e l a y  t h e  d e t e r i o r a t i o n  o f  f o o d  c o n t a i n i n g  l i p i d s ,  t h e  i n c o r p o r a t i o n  of 

0iti-dants is o n e  o f  t h e  m o s t  u t i l i z e d .  N a t u r a l  a n t i o x i d a n t s  s u c h  as v i t a m i n  E, s p i c e  e x t r a c t s  a n d  p l a n t  

^  a p p e a r  t o  b e  r e a s o n a b l e  a l t e r n a t i v e s  t o  s y n t h e t i c  p h e n o l i c  c o m p o u n d s ,  e.g. b u t y l a t e d  h y d r o x y a n i s o l e  

°r b u t y l a t e d  h y d r o x y t o l u e n e  (BHT) w h o s e  u s e  is q u e s t i o n e d  b e c a u s e  o f  t h e  p o s s i b l e  t o x i c  e f f e c t s  o f  t h e s e

V ,
d i e t a r y  s u p p l e m e n t a t i o n  o f  v i t a m i n  E f o r  t h e  s u b s e q u e n t  b e n e f i t  o f  i n c r e a s e d  l i p i d  s t a b i l i t y ,  i n c l u d i n g  

®rol, i n  a n i m a l  f o o d  p r o d u c t s  h a s  b e e n  e x t e n s i v e l y  r e p o r t e d  f o r  p o u l t r y ,  p i g s  a n d  v e a l  c a l v e s  ( A S H G A R

’• 1989; E N G E S E T H ,  1 9 9 0 ;  M O N A H A N  e t  a l ., 1 9 9 2 ) .  H o w e v e r ,  t h e r e  is l i t t l e  i n f o r m a t i o n  o n  t h e  e f f e c t s  of 

^ t u r a l  a n t i o x i d a n t s  o n  l i p i d  o x i d a t i o n  i n  m u s c l e  s y s t e m s  w h e n  a d m i n i s t e r e d  t h r o u g h  t h e  d i e t .

The o b j e c t i v e  o f  t h i s  s t u d y  w a s  t o  c o m p a r e  t h e  e f f e c t s  o f  d i e t a r y  v i t a m i n  E, o l e o r e s i n  r o s e m a r y  a n d  

6sin s a g e  o n  t h e  o x i d a t i v e  s t a b i l i t y  o f  b r o i l e r  l i p i d s  i n  r a w  a n d  c o o k e d  b r o i l e r  b r e a s t  m e a t .

V ;,s and m ethods

t>ut

V

" i n e t y - s i x  m a l e  b r o i l e r s  f e d  o n  a s t a r t e r  r a t i o n  f o r  t w o  w e e k s  w e r e  r a n d o m l y  d i v i d e d  i n t o  4 g r o u p s  a n d  

o n  a f i n i s h e r  r a t i o n  f o r  a n o t h e r  4 w e e k s .  T h e  f i n i s h e r  r a t i o n  w a s  i d e n t i c a l  f o r  a l l  g r o u p s  e x c e p t  for 

io* i d a n t  a d d e d :  v i t a m i n  E  ( 200 I U / k g  f e e d ) ,  o l e o r e s i n  r o s e m a r y  (500 m g / k g  feed) a n d  o l e o r e s i n  s a g e  (500 

®e d). O n e  r a t i o n  w a s  n o t  s u p p l e m e n t e d  w i t h  a n t i o x i d a n t s  a n d  t h i s  d i e t a r y  t r e a t m e n t  s e r v e d  a s  t h e  c o n t r o l

b r o i l e r s .

e r  s l a u g h t e r ,  c u t t i n g  a n d  d e b o n i n g ,  r e p r e s e n t a t i v e  p o r t i o n s  o f  t h e  b r e a s t  m e a t  w e r e  p l a c e d  o n  

s n e t r a p s ,  w r a p p e d  i n  a n  o x y g e n - p e r m e a b l e  P V C  s t r e t c h  o v e r w r a p  a n d  k e p t  at 4 ° C  u n d e r  f l u o r e s c e n t  lig h t .  

N a t i o n  w a s  a s s e s s e d  a t  0, 3, 6 a n d  9 d a y s  b y  t h e  2 - t h i o b a r b i t u r i c  a c i d  p r o c e d u r e  (KE e t  al., 1977).

Of

*ft,
V
h

Vti

*ir>ing b r e a s t  m e a t  w a s  v a c u u m  p a c k a g e d  a n d  s t o r e d  a t  - 2 0 ° C  f o r  f u r t h e r  a n a l y s i s .
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B roiler  breast samples were ground, put in  Zip-Lok p la s t ic  bags, and cooked in  a waterbath maintain 
70°C for 30 minutes. The cooked samples were stored at 4°C under flu orescen t l ig h t  and l ip id  ox id a tio(1 
monitored immediately a fte r  cooking, and a fter  2 and 4 days.

C holestero l ox id ation  products (COPS) in  the cooked samples were a lso  determined a fte r  4 da?s
refr ig era te d  storage. Total l ip id  e x tra c ts  were prepared from 5g muscle t is s u e  by the method of MAW®1'
MAXWELL (1981). An in tern a l standard, 6 -k e to -c h o le s te r o l, was added to  the meat sample before l ip id  extra1.■ot1

Í» "ciu
C holestero l oxides were separated from c h o le ster o l and other muscle l ip id s  fo llow in g  th e sample c\e$
procedure o f PARK and ADDIS (1987) and were q u an tified  by c a p illa r y  gas chromatography using a fused si
DB-1 c a p illa r y  column (ISm x 0.25mm id) w ith temperature programming from 170 to  255°C (MONAHAN e t  a l . l 992l

Iti?1S t a t is t i c a l  a n a ly sis  of th e  data was performed using a fa c to r ia l  randomized d esign . Duncan's sit 
comparisons t e s t  was applied to  determine th e s ig n if ic a n c e  o f d iffe ren c es  between groups. Analyses of vai 
were performed using th e MSTAT-C microcomputer s t a t i s t i c a l  program (Michigan S tate U n iv ersity , MI,

RESULTS AND DISCUSSION
The e f f e c t s  of d ietary  treatm ent on th io b arb itu ric  a c id -r e a c tiv e  substances (TBARS) development

meat during re fr ig era te d  storage i s  shown in  Figure 1A. Both sp ice  e x tra c ts  considerably  reduced lif1

o x id a tion . A fter 9, days TBARS va lu es o f breast meat from th e b r o ile r s  fed th e con tro l and vitam in E d ieits
0.51 and 0 .2 5 , r e sp e c tiv e ly . Meat from b r o ile r s  fed th e rosemary or sage o le o r e s in s  had intermediate 
v a lu es, being c lo se r  to  th e vitam in E group than to  th e  con tro l group.

Sim ilar e f f e c t s  were observed in  th e cooked samples (Figure IB), with the ra te  o f ox id ation  being 9 
in  th ese  samples compare to  th e raw counterparts. This observation  i s  co n s is ten t w ith l ite r a tu r e  reports
and PEARSON, 1987) and i s  explained  by th e harsh con d ition s o f cooking which lead to  th e d isru ption of
membranes and subsequent exposure o f th e l ip id  su b strate  to  o x id a tive  c a ta ly s t s .  In cooked samples. th® lif1

enhancing s t a b i l i t y  o f the sp ice  e x tra c ts  was not as pronounced as in the raw breast meat. R esults repoi
th is  paper show an important b e n e fit  th at may be o f in te r e s t  to  the meat ind ustry . Although th e sp ice e **

were not as e f f e c t iv e  as vitam in E in  c o n tro llin g  o x id a tion , th e r e su lts  obtained were sa tis fa c to r y , eSPeC
i f  we consider th a t the le v e l  o f vitam in E in th is  feed ing t r ia l  was much higher than le v e ls  used
experiments p rev iou sly  c ite d .

(Fi9uiC holestero l ox id ation  in  b r o ile r  breast meat was a lso  influenced by th e d ietary  regimen i ‘"
afldB ro ilers  fed th e sage and rosemary e x tra c ts  showed decreases in  to ta l  COPS concentrations o f 44 

r e sp e c t iv e ly . D ietary vitam in E reduced th e COPS concentration  by 58%.
C holestero l fu nctions as an in teg ra l part of th e l ip id  b ila yer  c e l l  membrane and i s  c lo se ly  ass°'

with membranal ph ospholip ids. The interm olecular free  ra d ica l processes in  th e membrane ma/ promote ch
ox id a tion  (SMITH, 1981). The p a r t ia l s ta b i l iz a t io n  o f c h o le s te r o l with d ietary  sp ice  ex tra c ts  and v i ta®in '
be due to  the general decrease in  l ip id  o x id a tion , and in  some cases a lso  to  th e s p e c if ic  lo c a l iz a t i1on
antiox id ant in to  th e c e l l  s tru c tu re s. D ietary vitam in E supplementation has been shown to  s ig n if ic a n tly i !>C'

an“yth e tocopherol content of b r o ile r  muscle m itochondrial and microsomal fra c tio n s  (ASHGAR e t  a l . ,  1989) ^

vilo c a liz a t io n  i s  thought to  be resp on sib le  for retard ing l ip id  and c h o le s te r o l o x id a tion . A s im ilai
expressed by MONAHAN e t  a l .  (1992) who demonstrated th a t d ieta ry  vitam in E suppressed c h o le s ter o l da';fi0«1'

cooked pork during storage and a lso  increased the concentrations of a-tocoph erol in the membrane0’ V*inform ation e x is t s  regarding the d ep osition  of the sp ice  antioxidant components in  meat, although t,
observed th at both sp ice  e x tra c ts  considerably reduced th e amount of c h o le s te r o l ox id ation  in  the c 0 '

In ad d ition , methodology was developed to  determine th e presence of th e antiox id ant component0
ot

and rosemary o le o r e s in  (rosemariquinone and carnosol) in  th e  meat products by high performance lig '11

N a

’ J.
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Olllatography. Analyses in d ica te  th e presence of d e tec ta b le  q u a n titie s  o f th ese  compounds in  meat samples from 
i s rece iv in g  sp ice  ex tra c ts  in  th e d ie t .  These data may explain  the enhanced l ip id  s t a b i l i t y  of the b ro iler  
reia t iv e  to  th at of the contro l samples. Further d e ta ils  of th ese  analyses w i l l  be presented and d iscussed  

!wher e .

Usions
Dietary adm inistration o f an tiox id an ts from sp ice  ex tra c ts  enhanced l ip id  ox id a tiv e  s t a b i l i t y  in  raw and 
breast chicken meat and reduced c h o le s te r o l ox id ation  in  cooked meat. The a v a i la b i l i ty  o f th ese and other 

antiox id an ts and th e ir  p o ss ib le  sy n e r g is t ic  e f f e c t s  suggest . an in te r e s t in g  way o f improving meat
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