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4 - 6 3 APPLICATION OF A NEW .METHOD FQ3 THE DETERMINATION OF FREE PATTY
ACIDS IN MEAT LIPIDS

Dora G .G ad jeva  -  Meat I n d u s t r y  I n s t i t u t e - S o f i a ,  B u l g a r i a

Of Tlie p p a

îh thfi ®oîe a r e  f0rmed i n  comPl i c a t e d  ü p i d  sy s te m s  e i t h e r  by h y d r o l y t i c  breakdowr 
^ d r o i eCUleS ° f  e1Jr c e r i d e a . ° r  bY a u t o o x i d a t i o n  o f  th e  s i d e  f a t t y  a c id  c h a i n s .  

deVeTQtlC  and a u t 0 0 x i d a t i 've breakdown o f  m eat l i p i d s  i s  c o n n e c te d  v e ry  o f t e n  
^  P in g  o f f  f l a v o u r s  upon t h e  t e c h n o l o g i c a l  p r o c e s s i n g  o f  m e a t ,  o r  w i th

a r  l n  WhiCh Ca3R’ 3 e c o n d a ry P r o d u c t s  o f  o x i d a t i o n ,  d a n g e ro u s  f o r  consum er 
re  f °rmed.

° th e r  fQC l a l  Pr o c e d u r e  f ° r  t h e  d e t d m i n a t i o n  o f  f r e e  f a t t y  a c i d s  c o n t e n t  i n  meat 
( lg ^ 0* *vit^0li p r o d u c t 3 ' c o n t a i n i n g  l i p i d s , i s  b ased  on th e  t i t r a t i o n  o f  th e  l i p i d

->9\
' ---------- ui 1  tue t i ira u o n  oi tne lip id

l6tho an  a l c o h o l i c  so lu 1 ; io n ° f  p o ta s s iu m  h y d r o x id e .  U s in g  th e  B l ig h  and Dyer
t„ ^ * 3  W i ° d>24 h o u r3 ' a r e  n e c e s s a r y  f o r  t h e  l i p i d  e x t r a c t i o n  p r o c e d u r e .B e s i d e  th a '  

Very 1SVV l i p i d  c o n t e n t  r e q u i r e  l a r g e  volum es to  be e x t r a c t e d  i n  o r d e r
-t-af-. the;ea as n e c e s s a r y  q u a n t i t y  o f  e x t r a c t e d  f a t .  The t o t a l  c o n t e n t  o f  FFAg i s  c a l -

0^+ ° p e r  c e n t  o l e i c  a c i d .
° f  tho

e many p r o c e d u r e s  d e v e lo p e d  f o r  th e  d e t e r m i n a t i o n  o f  FFA i n  v e g e t a b l e



oils and fats,there are only few noted in literature which measure the indivrdual

FFAg ( O t t e n s t e i n , D . M . ,1 9 7 4 , C h a p m a n ,G .W .J r . ,1 9 7 9 ) .
I n  t h i s  s tu d y  we u se  M axw ell’ s  m e th o d (1 9 8 1 ) f o r  t h e  e x t r a c t i o n  o f  meat

which t h e  p r o c e d u r e  t a k e s  no more t h a n  30m in u t e s .T h e  i s o l a t i o n  and identifica
l i p ids

,ti°n

FFAg i n  l i p i d ,  e x t r a c t s  by th e  new method o f  S ch w ar tz  and G a d je v a ( a t  p r e s s )  I 3
coflPie 

ted f r 0*te d  w i t h i n  40 m in .  The sodium s a l t s  o f  FFAg formed on th e  column a r e  separen 
t h e  o t h e r  c l a s s e s  o f  n e u t r a l  l i p i d s  by r i n s i n g  w i th  h e x a n e . A f t e r  p a s s i n g  HC1 ^  ,aeb 
t h r o u g h  th e  colum n, l i b e r a t e d  FFAg a r e  e l u t e d  w i th  hexane  and i n d i v i d u a l l y  d® e
by GLC.

A p p ly in g  t h e  new method t o  t h e  t h r e e  g ro u p s  o f  m eat m u sc le s  we o b t a i n  9uan t i
t i ^

r e s u l t s  f o r  FFAg p r e s e n t  i n  n e w t r a l  l i p i d  e x t r a c t s  o f  m eat sam ples  w i t h i n  very 
p e r i o d .

sHor

MATERIALS AND METHODS
car'■ca3“'

A*'
ble

M a t e r i a l s : M . l o n g i s s i m u s  d o r s i  m u s c le s  were removed from f r e s h l y  o b ta in e d  P1® 
e s  i n  t h e  l o c a l  s l a u g h t e r  h o u s e . B r o i l e r s - w e r e  p u r c h a s e d  from t h e  l o c a l  r e t a i l e^  
t e r  s k i n  rem ova l and b o n i n g , b r e a s t  and l e g  m u sc le s  were trimmed a s  much a 3 P°‘ ’P193tiC 
from any v i s i b l e  f a t  and a d i p o s e  t i s s u e . L e a n  m u s c le s  were minced and p u t  i n 
p o u ch e s  s e p a r a t e l y  and s t o r e d  a t  +4<“)C u n t i l  u sed  f o r  e x t r a c t i o n , n o t  l a t e r  tha11 

t h r e e  h o u r s .  . „„all
E x t r a c t i o n  o f  t h e  t o t a l  non p o l a r  - l i p i d s  from m ea t  m u s c le s :  The p r o c e d u re  u gg
( 1 9 8 1 ) w i th  some m o d i f i c a t i o n s  was u se d  f o r  l i p i d  e x t r a c t i o n  from a l l  m u s d e®

of
o f  m eat w eighed to  t h e  n e a r e s t  0 ,0 0 1 g ,w e r e  g round  i n  a  l a r g e  m o r t a r  w i th  6g “ # 'Ojll *
ro u 3  NagSO^ and 6g o f  s a n d .  Then ,1 2 g  C e l i t e 5 4 5  were added  and re g ro u n d  f ° r  t0 3 
t i l  a  u n i f o rm  m ix t u r e  was o b ta in e d .T h e  l a t t e r  was t r a n s f e r r e d  q u a n t i t a t i v e l y  ^
g l a s s  column th r o u g h  a g l a s s  f u n n e l .A  s t a i n l e s s  s t e e l  ro d  w i th  a  p r o p e r  d i3*e

of.
uni d t o  tamp t h e  m ix tu r e  i n t o  th e  column to  o b t a i n  a  u n i f o rm  bed w i th  a
50 -60  mm.A v o l u m e t r i c  f l a s k ( 2 5 m l )  was s e t  u n d e r  t h e  column f o r  c o l l e c t i n g  or
e x t r a c t . H e x a n e , d i s t i l l e d  i n  g l a s s  was U3ed a s  an  e x t r a c t i n g  s o l v e n t .  The ^i?.0gef jL 
t e n t  o f  an a l i q u o t  was d e t e r m in ä d  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  n i “i g„tr  
h e a t i n g . ^ T h e ^ l i p i d  c o n t e n t  o f  each sam ple  was made u n i fo rm  by d e l u t i o n _ o r  d° te0t.

" ö

of'.

t i ° n  o f  l i p i d  e x t r a c t s  f o r  c o n v e n ie n c e  i n  t h e  s u b s e q u e n t  a n a l y s i s  o f  FFAgo°"^9t
£ l2 £ ® 8 u r e _ f o r _ t h e _ s e p a r a t i o n  a n d _ i d e n t i f i c a t i o n _ o f _ F F A  i n  l i p i d s  f r o m _ l e |D - ' r S 'a sl1 

An a l i q u o t  from th e  l i p I 3 ~ e x t r a c f  I r T h e x a n e ,  o o m tI? n In g ~ 6 7 «g~pintaci«oan i ej i tert-e 
a s  an  i n t e r n a l  s t a n d a r d , was p as sed  th r o u g h  th e  s m a l l  co lu m n ( lO m m i.d . ) w ith  Let e y 

s o l . N a ,P 0 . (2 :1  w/w) a c c o r d i n g  to  S c h w a r t z ,G a d je v a ( a t  p r e s s ) . T h e  FFA« elu t !. 
t h e i r  s a l t s  on th e  column, and t h e  o t h e r  c o n s t i t u e n t s  o f  l i p i d s  wer 

w i th  h e x a n e .  The l i p i d  e l u e n t  was checked  f o r  s a p o n i f i c a t i o n  by two so lvent®  , 3  
h e x a n e , 1 : 1 ) ,  one d im e n s io n a l  TLC-method a f t e r  s p r a y i n g  w i th  a 20$ s o l .  o f l I“14 i

5 4 5 : 3a t  
s t e d  a s n3’

and  h e a t i n g . ePawe f"*tec
, pre

The FFAg on t h e  column were r e c o v e r e d  a f t e r  p a s s i n g  v a p o u r s  o f  HC1 a i VseS 
by th e  ab o v e -m en t io n ed  method f o r  i n j e c t i o n  i n  a  gas  c h ro m a to g ra p h .  GLC anaI'Ion &e J f  
p e r fo rm ed  on a " V a r i a n  2100" g a s  c h ro m a to g ra p h ,  e q u ip e d  w i th  a  f lam e ioniz®); .
t o r . T h e  g l a s s  c o lu m n ,1 , 8m,2mm i d . , was packed  w i th  15$DEG3 on Chromosorb 10 prl w®3 
The i n j e c t o r  was g e t  a t  220 C; d e t e c t o r  t e m p e r a t u r e - a t  250°C, and column ° ve 
m a in t a in e d  a t  180 C.The c a r r i e r  g a s  was n i t r o g e n  a t  a  r a t e  o f  30m l/m in.
2£5LT£ 2 2 _ A !? O I2 c y 3 3 i0 N  ^

T ab led  1 shows th e  r e s u l t s  o b t a in e d  from t h e  e x t r a c t i o n  p r o c e d u r e  ° f . PeUin 
p i d s  from d i f f e r e n t  f r e s h  l e a n  m usc le  g r o u p s .T h e  r a t i o  be tw een  t o t a l  l i p i d ® ^ ^  g ^

and l e g  m u sc le s  from b r o i l e r ®  ^ tfi°s of 
T hese  d a t a  c o r r e s p o n d  w e l l  V1 ,1e3Pwe<lt 
c e iv e d by P i k u l a t a l . (1 g 8 4 )»®. golv 
th e  f a c t  t h a t  th e y  u se d  a  m:i'3C+ion‘>i,e ^ 
system(CHCl,:MeOH) f o r  e x t r a c t *  r

The p r e s e n t  ' d a t a  o b ta in e d  jj . l  i 
t a l  n e u t r a l  l i p i d :  e x t r a c t  f r  to  
s s im u s  d o r s i  m u sc le  a r e  c l o s e  £ 
e r  t h a n  th o s e  g iv e n  by Warmer iToiPcesj  (\ 
( 1 9 8 1 ) , 4 ,9 7 *  i n  l e a n  p o rk .  9
r e a s o n  f o r  t h a t  co u ld  be i n  V ’ani^ ' ofe

o f . 3  ̂ t f e *

T ab le  1:
C o n te n t  o f  t i t a l  n e u t r a l  l i p i d s , i s o l a t e d
from  f r e s h  l e a n  m u sc le s

Type o f  m u sc le s

B r e a s t
B r o i l e r s P ork
m. Leg m. M .long .  d o r s i

N e u t r . * 
l i p i d s  0 ,345 1,67

mnnno r, P  4-
4 ,2 3

d e t e r m i n a t i o n s . . - r r . r "i n  th e  b r e e d i n g  c o n d i t i o n s  0 i .„ t f*
a l s o  i n  t h e  t y p e s  o f  m u sc le  g r o u p s .  I n  s h o r t ,  t h e  good r e s u l t s  o b t a in e d  1



R S f ° ^ a 3t t ^ m̂ i i f o M 0Ĉ 1Umn m eth°^  ? f  M a x w e ll ,M anner(1981) p o i n t  o u t  i t s  advanta-  
t w ^ ) , The r -« i« * ' r e ^ l a ^ e ° ne ?omPa r e d t o t h e t im e consum ing p r o c e d u re o f B l ig h Dver 
pA*hey a r e  o f  a 1^ e a + n ° e n t r +t l 0 n  ? f  FÏÙ i n  meat  l i p i d s  i s  low ,B elow  2# , P i k u l f l 984 ) ,  

techno1 „„P  gf e a ^ im p o r ta n c e  f o r  t h e  s t a b i l i t y  and q u a l i t y  o f  meat d u r in g  s to r a g e  
Hin-^able 2 g i f e ^ t h e ^ 0633 +e0aUSe can  c a t a l y se  t h e  p r o c e s s e s  o f  a u t o o x i d a t i o n f
itt 5  by a p p i f ^ r +^ e„ P erC en t  aomP ° a i ^ lo n  t h e  i n d i v i d u a l  FPA i n  meat l i p i d s  d e te r -1 
t o t a l i i p i d s  a L Pr e 3 3 ) • P ° r  t h e  f i r s t  t im e FFA
Paaag^ipids by TLC O s i ^ r e f  i w i th o u t  a p p l y in g  p r e v i o u s l y  s e p a r a t i o n  o f
s>én?e'i  through -î + v 6  5e l Yt e  5 4 5 : N a , P O . a r r e s t a n t  column t h e  o t h e r  c l a s s e s  o f  l i p i d s  
C ;  Ihe a b f^ n e e  ï ï chan« e^ Wlth t h e  h e x a n l  e l u e n t  u n d e r  t h e  c o n d i t i o n s  o f t h !  c x p e r i -  
tsL  Pplie d  a f t e r  ?nna  3 ? 0 t  c ° r e3P °n d in g  to  th e  FFA on TLC- p l a t e  where t h e  l i p i d  s o l
? 4 3"aueb t  q ^ u t a t i v e î v gonUÎ h e  en?® COlxm* ’ shows t h a t  th e  whole sum o f  them have V » ? 8 bas  ^“ a a t i t a t i v e i y  on t h e  column a s  t h e i r  s a l t s  a  s a p o n i f i c a t i o n  o f  th e  o t h e r

at m. and î » !  Tï e ? °mP0 31 t i ° n  and q u a n t i t y  o f  FFA i n  th e  n e u t r a l  l i p i d s  o f
v  l e g  “ * f r o ® b r 0 l l e r a  a r e  a lm o s t  th e  same. The d o m in a t in g  s a t u r a t e d  f a t t y

eht on 16  ^ a c i d s  i n  b o th  a r e  p a l m i t i c  a n d '
.P® frenv,111? 03^ - on ° f  FFA i n  n e u t r a l  l i p i d s  s t e a r i c a c i d s . L a u r ie and m i r i s
^ l e a n m u sc le s  s t i c  a c i d s  a r e  p r e s e n t  i n  t r a c é

c o n c e n t r a t i o n s  i n  b o th  w h i te  
and  d a rk  m u sc le s  o f  b r o i l e r s .
The. c o n t e n t s  o f  f r e e  p o ly u n s a tu  
r a t e d  f a t t y  a c i d s  a r e  15 ,5 9  and 
14,33% i n  b r e a s t  and l e g  m usc le  
and t h e  USFFA/SFFA r a t i o  i s  1 ,36 
and 1 ,4 7  i n  t h e  fo rm e r  and t h e 1 
l a t t e r , r e s p . T h e s e  v a l u e s  a r e
lo w e r  t h a n  th o s e  found  by P ik u l
e t  a l . ( l 9 8 4 )  i n  t r i a c y l g l y c e r o i d
o f  b r e a s t  and l e g  m u sc le s  i n
c h i c k e n  m e a t (2 4 ,1 1 #  i n  b r e a s t
,2 5 ,4 5 #  f o r  d a r k  m ea t) ,w ho  have
n o t  i n v e s t i g a t e d  t h e  l i p i d  f o r
th e  c l a s s  o f  FFA.

The lo w e r  p e r c e n ta g e  o f  USFFjl 
found  i n  t h e  f r a c t i o n  o f  FFA iso-| 
l a t e d  from M . lo n g .d .  and shows

i a S n i0
°f t> e r  t h ; „ ° i f S3es b 8 r e  6°  a t  d i f f e r e n t  r a t e s .  The. FUSFA r a t i o  h e r e  i s  1 ,18  which 
Nl-ltp? 3ame mn^k?se  f ° u n d by Wood and L i s t e r (  1973): "F3TiT_  1 , 53  i n  n o n p o la r  l i p i d s  

h e r e ® 3 c l e  from po rk  m e a t " A p o s s i b l e  e x p l a n a t i o n  o f  t h i s  f a c t  i s  t h a t  we have 
t l g a tPri a  M -i-d -  m usc le  removed from p i g s  fed  a  s p e c i a l  d i e t  and have  on ly  

%(;■> Aa .b e  f r a c t i o n  o f  FFA i n  n e u t r a l  l i p i d s .
V iSs H  o b v io u s  from T ab le  2, t h e  h i g h e s t  w e ig h t  p e r c e n t a g e  o f  FFA i n  wet meal

c o n t a in e d  i n  n e u t r a l  l i p i d s  i s o l a t e d  from l e g  m usc le  o f  b r o i l  er§.Vvh i oh nnn.

s

a i s  o n  t  lauie u ie  n ig n e s x  w e ig n t  p e r c e n t a g e  o f  FFA i n  wet meg
the f S . m e d  i n  n e u t r a l  l i p i d s  i s o l a t e d  from l e g  m usc le  o f  b r o i l e r ! . W h i c h  eon- 

;6s ana n? l n g s  o f  Bosung a n d ^ G a n r o t ( 19 8 1 ) t h a t  l i p o l y s i s  d e v e lo p s  f a s t e r  i n  d a r k - 
68 a h i - v  t h a t  th e  h i g h e r j i e r c e n t a g e  o f  t r i a c y l g l y c e r o l s  i n  b r o i l e r  d a r k  meat 

The Agb e r  r a t e  o f  h y d r o l y s i s .
°°bten+*l?'*'*'o a ^ o n . 0:f  th e  new co lum n- g a s  c h ro m a to g ra p h ic  method f o r  d e t e r m in in g  

f ~ \ fn  m eat l i p i d s  h a s  t h e  f n l ln w in i ,  QdvQM + iiffQo.
- te n t  - e new cuiumn— gas  cn rom aiog ra j
(a ) .  l n  m eat l i p i d s  h a s  t h e  f o l l o w i n g  a d v a n ta g e s :

K l *  can f n f i l t i t a t i Ye d e t e r m i n a t i o n  o f  each  f a t t y  a c i d  i n  l i p i d s .  By ch a n g es  i n  eacf  
. ai"e o f  11077 i n d i r e c t l y  t h e  h y d r o l y t i c  and o x i d a t i v e  p r o c e s s e s  o c c u r in g  i n  meat 
"hi-. (b )^he  ®Pe.a t  imPo r Pance  f ° r  i t s  q u a l i t y .lf»at , \  U I Mil- w  u v n o  x u j  •

l °h of  5 ® h i g h  s e n s i t i v i t y  o f  t h e  new method g u a r a n t e e s  t h e  d e t e c t i o n  and d e t e r -
c) wn s l n  sm onts  from 30 to  150ppm r e l a t e d  to  l i p i d s .Tic m (c )  p^As l n  ^ d ' n t 3 from 30 to  150ppm r e l a t e d  to  l i p i d s .

6thod ' ^ c o n t e n t  i n  l i p i d s  can  be d e t e im in e d  w i th o u t  t h e  u s e  o f  t h e  w id e sp re a d  
‘hgj, ^ (d) Tia i °b  a r e  l a b o r i o u s  and t im e consum ing .

C0;

f r ao; . • L“ e f r a c t i o n  o f  FFA a r r e s t e d  on th e  C e l i t e 5 4 5 :N a , P 0 .  < 
4, ( e ) T ‘s w hich  damage ana  s h o r t e n  th e  l i f e  o f  GLC-colurin . 4>thr ' When + V.O v.r. + n n f  -PI o...4 ~ „.,4- «4- 4-V. - ____ 4 _ 4. _ - __  .

Th e f r a c t i o n  o f  FFA a r r e s t e d  on th e  C e l i t e 5 4 5 :N a - P 0 .  column i s  f r e e  from

3;

lnv w  -  V l i  v U o  X l i .  C v  1  U 1  U i l l l i  ,

6 meth t h e  r a t e  0 f  f l o w in S o u t  o f  t h e  a r r e s t a n t  column i s  k e p t  be tw een  3-4 
( f )  ipP3 g u a r a n t e e s  th e  " c l e a n ” i s o l a t i o n  o f  o n ly  FFA,,.No s a p o n i f i c a t i o n  o c c u re d  

. fne  method i s  v e r y  s u i t a b l e  t o  be a p p l i e d  to  meat and fo o d s  w i th  low f a t

¿igh. È r*
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