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DETERMINATION OF CHOLESTEROL IN 
EGG YOLK BY HIGH PERFORMANCE TLC 

WITH DENSITOMETRY 

Kristin Morris1 , Joseph Sherma 1,  
and Bernard Fried2 

]Department o f  Chemistry 
2Department o f  Biology 

La fayette College 
Easton, Pennsylvania 18042 

a s i m p l e  q u a n t i t a t i v e  T L C  d e t e r m i n a t i o n  o f  c h o l e s t e r o l  i n  e g g  
y o l k  i s  d e s c r i b e d .  C h o l e s t e r o l  i n  t h e  y o l k  i s  e x t r a c t e d  w i t h  
chlorl ,€orni-methanol (2: 1 )  and t h e  e x t r a c t  f i l t e r e d  th rough  g l a s s  
wool.  A f t e r  d i l u t i o n  t o  a known volume, samples  and s t a n d a r d s  a r ?  
deve loped  o n  a h i g h  pe r fo rmance  p r e a d s o r b e n t  s i l i c a  Re! l a y e r ,  
c h o l e s t e r o l  i s  d e t e c t e d  w i t h  c u p r i c  a c e t a t e - ' i  PO r e a g e n t ,  and 
zone:; a r e  scanned  and compared. P r e c i s i o n  o f '  t h e  method,  eva1 u a t e d  
by r e p l i c a t e  a n a l y s e s ,  was 2 . 2 % ,  and r e c o v e r y  from 8 sample  s p i k e d  
a t  a c o n c e n t r a t i . o n  l e v e l  of 14.3  m g / g  was 10/1%. A n a l y s i s  o f  2 0  
eggs gave  c h o l e s t e r o l  v a l u e s  r a n g i n g  f rom 9.7-24.2 rng/g, and t h ?  
method was a l s o  a p p l i e d  t o  b u t t e r  and cream samples .  Because of 
t h e  s e l e c t i v i t y  of t h e  TLC method,  lower r e s u l t s  were  o b t a i n e d  
compared t o  a s t a n d a r d  c o l o r i m e t r i c  a s s a y .  F r a c t i o n s  r e p r e s e n t i n g  
s t e r o l s ,  d i a c y l g l y c e r o l s ,  t r i a c y l g l y c e r o l s ,  s t r a r y l  e s t e r s ,  and 
hydroca rbons  were  i d e n t i f i e d  from egg y o l k ,  and t h e  s t e r o l  f r a c t i o n  
was found t o  c o n t a i n  o n l y  c h o l e s t e r o l  by a r g e n t a t i o n -  and KP-T1.C 
and c a p i t l a r y  GC. 
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1278 MORRIS, SHERMA, AND FRIED 

The r e c e n t  i n c r e a s  

d i e t a r y  c h o l e s t e r o l  and 

INTRODUCTION 

ng  conce rn  a b o u t  t h e  h e a l t h  i m p l i c a t i o n s  of 

t h e  adven t  o f  F e d e r a l  v o l u n t a r y  food l a b e l -  

i n g  r e g u l a t i o n s  (1) have  l e d  t o  t h e  need  f o r  improved methods  f o r  

d e t e r m i n i n g  c h o l e s t e r o l  i n  foods .  The o f f i c i a l  AOAC n e t h o d  ( 2 )  f o r  

c h o l e s t r r u l  i n  egg  and egg  p r o d u c t s ,  based  on t i t r a t i o n  w i t h  sodium 

t h i o s u l f a t e ,  is cumbersome and t ime consuming and  l a c k s  s p e c i f i c i t y .  

The most w i d e l y  used  methods a r e  s p e c t r o m e t r i c  ( 3 , 4 ) ,  bu t  t h e s e ,  

t o o ,  a r e  n o n s p e c i f i c ,  d e t e c t i n g  compounds o t h e r  t han  c h o l e s t e r o l  

and o t h e r  s t e r o l s ,  such  a s  c h o l e s t e r y l  e s t e r s .  Gas chromatography 

(GC) (5-8)  and HPLC (9-12)  have been employed r e c e n t l y  w i t h  i n c r e a s -  

i n g  f r e q u e n c y .  These t e c h n i q u e s  a r e  more s p e c i f i c ,  s e n s i t i v e ,  and 

r e l i a b l e ,  bu t  have  t h e  d i s a d v a n t a g e  o f  g e n e r a l l y  r e q u i r i n g  p r i o r  

d e r i v a t i z a t i o n  of c h o l e s t e r o l .  rhe d e t e r m i n a t i o n  of c h o l e s t e r o l  i n  

egg  y o l k  by an e n z y m a t i c / s p e c t r o n l e t r i c  t e c h n i q u e  f o l l o w i n g  e x t r a c -  

t i o n  and  s a p o n i f i c a t i o n  of t h e  l i p i d  e x t r a c t  h a s  a l s o  been r e p o r t e d  

( 1 3 ) .  

Q u a n t i t a t i v e  d e n s i t o m e t r y  h a s  been w i d e l y  used  f o r  t h e  d e t e r -  

m i n a t i o n  o f  c h o l e s t e r o l  and o t h e r  l i p i d s  i n  b i o l o g i c a l  s amples  such  

as b l o o d ,  u r i n e ,  b i l e ,  and semen (14-161,  but  a n a l y s i s  of egg  y o l k  

and  most o t h e r  food samples  f o r  c h o l e s t e r o l  has  n o t  been r e p o r t e d .  

Wood and  Bitman used  q u a n t i t a t i v e  TLC t o  measure  l i p i d  c l a s s e s  i n  

hen plasma and egg  y o l k ,  bu t  t h e y  de te rmined  c h o l e s t e r o l  by GC o f  

t h e  TMS-der iva t ive  (17,181. In  t h i s  pape r  w e  r e p o r t  t h e  q u a l i -  

t a t i v e  p a t t e r n  of  n e u t r a l  l i p i d s  i n  c h i c k e n  egg  y o l k  and  d e s c r i b e  a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHOLESTEROL IN EGG YOLK 1279 

r a p i d  and s i m p l e  HPTLC method f o r  q u a n t i f i c a t i o n  of c h o l e s t e r o l .  

The a c c u r a c y  and p r e c i s i o n  of t h e  method were  e v a l u a t e d ,  and i t  was 

compared t o  a s t a n d a r d  s p e c t r o m e t r i c  a s s a y .  The method was used t o  

s u r v e y  t h e  c h o l e s t e r o l  c o n t e n t  of a number of egg  y o l k s  a n d ,  t o  

d e m o n s t r a t e  i t s  a p p l i c a b i l i t y ,  t h e  method was u s e d ,  a s  w e l l ,  for 

t h e  a n a l y s i s  of l i g h t  cream and b u t t e r  s amples .  The s t e r o l  

f r a c t i o n  of  egg  y o l k  was i s o l a t e d  by p r e p a r a t i v e  s i l i c a  g e l  T L C  and 

snown t o  c o n t a i n  p redominan t ly  c h o l e s t e r o l  by r e v e r s e d  phase  ( R P )  

TLC on C - 1 8  l a y e r s ,  a rgen ta t ion -TLC,  and c a p i l l a r y  G C .  F i n a l l y ,  

thP  s e p a r a t i o n  o f  a s e r i e s  of s t e r o l s  by RP- and a rgen ta t ion -TLC 

was drmons  t ra  t e d  . 

EXPE K I M E N  TAL 

S t a n d a r d s  and S t a n d a r d  S o l u t i o n s  

C h o l e s t e r o l  s t a n d a r d  (99 .993  p u r i t y )  was pu rchased  from S t a r k s  

A s s o c i a t e s .  A s t o c k  s o l u t i o n  was p r e p a r e d  a t  a c o n c e n t r a t i o n  of 

1 .00 mg/!nl i n  c h l o r o f o r m ,  and  T L C  s t a n d a r d  was p r e p a r e d  by a 

1 0 - f o l d  d i l u t i o n  w i t h  c h l o r o f o r m  (100 n g / p l ) .  Mixed l i p i d  s t a n d -  

a r d s  18-1A and 18-4A were  pu rchased  from Nu-Chek P rep ,  I n c . ;  18-1A 

c o n t a i n s  m o n o l e i n ,  d i o l e i n ,  t r i o l e i n ,  and methyl  o l e a t e ;  1 8 - 4 ~  

i n c l u d e s  c h o l e s t e r o l ,  oleic a c i d ,  t r i o l e i n ,  methyl  o l e a t e ,  and 

c h o l e s t e r y l  o l e a t e .  O the r  s t e r o l  s t a n d a r d s  were  o b t a i n e d  from 

Sigma Chemical Company and S u p e l c o ,  w i t h  t h e  h i g h e s t  p u r i t y  a v a i l -  

a b l e .  S t a n d a r d  s o l u t i o n s  of s t e r o l s  a t  a p p r o p r i a t e  c o n c e n t r a t i o n s  

were  p r e p a r e d  i n  c h l o r o f o r m .  
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MORRIS, SHERMA, AND FRIED 

TLC P r o c e d u r e s  

Baker -Flex  I B 2  20 x 20 cm s i l i c a  g e l  s h e e t s  were used  f o r  

q u a l i t a t i v e  a n a l y s i s  of l i p i d  c l a s s e s  and a rgen ta t ion -TLC of 

s t e r o l s ;  Whatman LHPKDF 20 x 10 cm channe led  h i g h  pe r fo rmance  

s i l i c a  g e l  p l a t e s  w i t h  p r e a d s o r b e n t  s p o t t i n g  a r e a  €o r  q u a n t i t a t i v e  

d e n s i t o m e t r y ;  Whatman PKIF 20 x 20 cm p l a t e s  w i t h  0 .5  mn s i l i c a  ge l  

l a y e r  t n i c k n e s s  f o r  p r e p a r a t i v e  TLC; and Whatman LKC18F 20 x 20 cm 

p r e a d s o r b e n t  bonded s i l i c a  g e l  p l a t e s  f o r  r e v e r s e d  phase  s e p a r a -  

t i o n s  of s t r r o l s .  A l l  l a y e r s  were c l e a n e d  by deve lopment  w i t h  

methanol -methylene  c h l o r i d e  (1:  1 )  and a l lowed  t o  a i r  d r y  b e f o r e  

U S ? .  

I n i t i a l  Lonps were  a p p l i e d  u s i n g  a Druinmond 10 p1 micro -  

d i s p e n s e r .  For q u a n c i t a t i v e  T L C ,  100 t o  1000 ng of  c h o l e s t p r o l  

s t a n d a r d  (1-10 p l  of t h e  100 n g / p l  s o l u t i o n )  and d u p l i c a t e  5 111 

p o r t i o n s  of  t h e  f i n a l  sample  s o l u t i o n s  were s p o t t e d .  

Laye r s  were  deve loped  i n  s a t u r a t e d ,  p a p e r - l i n e d  g l a s s  TLC 

t a n k s  and a l l o w e d  t o  a i r  d r y .  For q u a n t i f i c a t i o n ,  l i p i d s  were  

d e t e c t e d  on HP s i l i c a  g e l  w i t h  c u p r i c  ace ta te -H3P04 r e a g e n t  (14) .  

For q u a l i t a t i v e  and p r e p a r a t i v e  T L C  on s i l i c a  g e l  and  f o r  r e v e r s e d  

phase  TLC,  d e t e c t i o n  was made u s i n g  phosphomolybdic a c i d  r e a g e n t  ( 1 4 ) .  

S u l f u r i c  a c i d  c h a r r i n g  was used  t o  d e t e c t  s t e r o l s  on Ag - impregnated  

s i l i c a  s h e e t s .  

+ .  

L i p i d  zones  were scanned  u s i n g  a Kontes  Model 800 d e n s i t o m e t e r  

equ ipped  w i t h  a f jewle t t -Packard  Model 39928 i n t e g r a t o r / r e c o r d e r .  

Parameters and  g e n e r a l  p rocedures  f o r  s c a n n i n g  and sample  q u a n t i f i -  

c a t i o n  were  d e s c r i b e d  e a r l i e r  ( 1 9 ) .  
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CHOLESTEROL IN EGG YOLK 1281 

The s t e r o l  f r a c t i o n  from 3 m l  of egg yo lk  ( r e p r e s e n t i n g  c a .  

12  m g  of  l i p i d )  was i s o l a t e d  by p r e p a r a t i v e  T L C  f o l l o w i n g  t h e  pro-  

c e d u r e s  d e s c r i b e d  by F r i e d  and Sherma ( 2 0 ) .  A 1 m l  c h l o r o f o r m  

s o l u t i o n  of t h e  sample  was s t r e a k e d  on t h e  p r e p a r a t i v e  l a y e r  u s i n g  

a 100 p1  m i c r o p i p e t ,  and t h e  sample  was focused  ( c o n c e n t r a t e d )  by a 

s h o r t  ( 2  cm) development  w i t h  me thano l .  The merhanoi was evapor -  

a t e d  and t h e  p l a t e  deve loped  w i t h  t h e  S k i p s k i  e t  a l .  ( 2 1 )  d u a l -  

s o l v e n t  s y s t e m ,  which c o n s i s t s  of a 14 cm run w i t h  i s o p r o p y l  

e t h e r a c c t i c  a c i d  ( 9 6 : 4 )  fo l lowed  by a 1Y cm run  i n  t h e  same 

d i r e c t i o n  w i t h  p e t r o l e u m  e t h e r  (60-70°C)-d i? thyl  e t h e r - a c e t i c  

a c i d  ( Y d : J 6 : 1 ) .  The s e p a r a t e d  s t e r o l  band was s c r a p e d  and packed 

i n t o  a microcoliimn (20), and t h e  s t e r o l s  were e l u t e d  w i t h  a c e t o n e .  

The preparatively i s o l a t e d  s t e r o l  hand and a s i m i l a r l y -  

t r e a t e d  c h o l e s t e r o l  s t a n d a r d  were compared by c a p i l l a r y  GC u s i n g  a 

15 me te r  f u s e d  s i l i c a  column c o a t e d  w i t h  a 0 . 2 5  pm f i l m  of  bonded 

methyl  s i l i c o n e  and a t e m p e r a t u r e  program (19OoC-L6OoC) t h a t  

was known t o  r e s o l v e  a l a r g e  number o f  s t e r o l s .  The s t e r o l  

f r a c t i o n  was a l s o  chromatographed  on C-18 RP and s i l v e r - i m p r e g n a t e d  

s i l i c a  g e l  l a y e r s .  A r g e n t a t  i on  1'LC was per formed a s  d e s c r i b e d  

e a r l i e r  ( 2 1  ) ,  e x c r p t  t h a t  t h e  Baker -Flex  l a y e r  was impregna ted  w i t h  

2 . 5 %  + t h a r i o I i c  AgkO7 r a t h e r  t h a n  5 % .  

Sample P r e p a r a t i o n  P rocedures  

C h i c k e n ' s  egg  samples  to  be q u a n t i t a t i v e l y  a n a l y z e d  f o r  

c h o l e s t e r o l  were pu rchased  i n  a l o c a l  supe rmarke t  and s t o r e d  a t  

16°C f o r  no more t h a n  one week. Eggs were  broken  and t h e  y o l k  
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1282 MORRIS, SHERMA, AND FRIED 

was s e p a r a t e d  manua l ly  f rom t h e  wh 

a 50 rnl beake r  w i t h  a s t i r r i n g  rod  

t e .  The y o l k  was homogenized i n  

and a c a .  70 mg sample  was 

removed w i t h  a d i s p o s a b l e  P a s t e u r  p i p e t  i n t o  a t a r e d  8 m l  v i a l .  

B u t t e r  (150  mg) and l i g h t  cream ( 1 . 5  g )  samples  were  weighed 

d i r e c t l y  i n t o  v i a l s .  Two m l  of  ch loroform-methanol  ( 2 :  1 )  w a s  added 

t o  t h e  egg  and b u t t e r  samples  and 10 a1 t o  t h e  c ream.  The v i a l  was 

hand-shaken and t h e  sample  t h e n  f i l t e r e d  th rough  a d i s p o s a b l e  p i p e t  

p lugged  w i t h  g l a s s  wool ( i l l u s t r a t e d  on page 169 of Refe rence  2 0 ) .  

The v i a l  was r i n s e d  t h r e e  times w i t h  t h e  s o l v e n t  and t h e  r i n s i n g s  

pas sed  th rough  t h e  g l a s s  wool .  The sample  was e v a p o r a t e d  t o  d ry -  

n e s s  unde r  n i t r o g e n  and t h e n  d i l u t e d  w i t h  e x a c t l y  10 ml o f  s o l v e n t  

added  by p i p e t .  D u p l i c a t e  5 p l  a l i q u o t s  of  t h i s  s o l u t i o n  were 

a p p l i e d  w i t h  b r a c k e t i n g  s t a n d a r d s  f o r  T L C .  

USULTS A N D  DKSCIJSSION 

The l i p i d s  p r e s e n t  i n  egg  y o l k  were  i d e n t i f i e d  by development  

o f  e x t r a c t  and two s t a n d a r d s  c o n t a i n i n g  r e p r e s e n t a t i v e s  of a l l  

n e u t r a l  l i p i d  c l a s s e s  ( 1 8 - 1 A  and 18-4A) on a Baker s i l i c a  g e l  s h e e t  

w i t h  t h e  S k i p s k i  e t  a l .  d u a l - s o l v e n t  s y s t e m ,  d e s c r i b e d  i n  t h e  c x p r r -  

i m e n t a l  s e c t i o n .  The n e u t r a l  l i p i d  f r a c t i o n s ,  i d e n t i f i e d  by PMA re- 

a g e n t  based  on t h e i r  m i g r a t i o n  r e l a t i v e  t o  s t a n d a r d s ,  were s t e r o l s  

( c h o l e s t e r o l ) ,  R 

a c y l g l y c e r o l s  ( t r i o l e i n ) ,  R 0 .77;  s t e a r y l  e s t e r s  ( c h o l e s t e r o l  

o l e a t e ) ,  R 

o r i g i n  presumably  c o n t a i n e d  p h o s p h o l i p i d s ,  which were  r e p o r t e d  ( 2 2 )  

0 .40;  d i a c y l g l y c e r o l s  ( d i o l e i n ) ,  RF 0.43; t r i -  F 

F 

0.85; and h y d r o c a r b o n s ,  RF 0.95. A heavy s p o t  a t  t h e  F 
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CHOLESTEROL IN EGG YOLK 1283 

t o  c o n s t i t u t e  abou t  3 2 %  of t h e  l i p i d  c o n t e n t  o f  h e n ' s  egg  y o l k .  

The r e l a t i v e  c o n c e n t r a t i o n s  of t h e  n e u t r a l  l i p i d s  w e r e  t r i a c y l -  

g l y c e r o l s  > s t e r o l s  > d i a c y l g l y c e r y l o l s  > s t e a r y l  e s t e r s .  

For q u a n t i t a t i v e  d e t e r m i n a t i o n ,  chromatograms were deve loped  

on p r e a d s o r b e n t  s i l i c a  g e l  p l a t e s  w i t h  c h l o r o f o r m - e t h y l  a c e t a t e  

( 9 4 : 6 ) .  

zones  a s  t i g h t  brown s t r e a k s  on a f a i n t l y  b l u e  background w i t h  an  

R v a l u e  of 0 . 4 7 .  P l a t e s  were  scanned  immedia te ly  because  snme 

f a d i n g  began t o  o c c u r  abou t  one hour  a f t e r  d e t e c t i o n .  The o t h e r  

n e u t r a l  l i p i d s  and hydroca rbons  were in  a mixed zone a t  R 0 .9  

and p h o s p h o l i p i d s  remained  i n  t h e  p r e a d s o r b e n t  w i t h  t h i s  mob i l e  

phase .  

Cupr i c  ace ta te -H3P04 d i p  r e a g e n t  d e t e c t e d  c h o l e s t e r o l  

F 

F 

F i g u r e  1 shows t y p i c a l  s c a n s  f o r  a s e r i e s  of c h o l e s t e r o l  

s t a n d a r d s  i n  t h e  c a .  100-1000 ng c o n c e n t r a t i o n  r a n g e .  C a l i b r a t i o n  

p l o t s  (peak  a r e a  vs ng s p o t t e d )  g e n e r a l l y  had  l i n e a r i t y  c o r r e l a t i o n  

c o e f f i c i e n t  (R) v a l u e s  of 0 .98  or  g r e a t e r .  S t a n d a r d s  were  a lways  

s p o t t e d  w i t h  samples  t o  p r o v i d e  a un ique  c a l i b r a t i o n  p l o t  f o r  each  

p l a t e ,  t h e r e b y  c o r r e c t i n g  f o r  v a r i a t i o n s  i n  s l o p e  and i n t e r c e p t  

v a l u e s .  Scans  of d u p l i c a t e  s ample  a l i q u o t s  a r t .  a l s o  shown in  

F i g u r e  1 .  

The s t e r o l  f r a c t i o n  from egg y o l k  was s e p a r a t e d  and  r e c o v e r e d  

by p r e p a r a t i v e  s i l i c a  g e l  TLC.  A f t e r  s c r a p i n g  and e l u t i o n ,  t h e  

s o l u t i o n  was a n a l y z e d  by r e v e r s e d  phase-  and a rgen ta t ion -TLC and by 

c a p i l l a r y  gas  chromatography under  c o n d i t i o n s  o p t i m i z e d  f o r  s e p a r a -  

t i o n  of t h e  maximum number of s t e r o l  s t a n d a r d s .  Comparison o f  t h e  

TL and  gas  chromatograms w i t h  t h o s e  of a c h o l e s t e r o l  s t a n d a r d  t h a t  
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1284 MORRIS, SHERMA, AND FRIED 

F i g u r e  1 .  Dens l tome te r  s c a n s  o f  102-1016 ng c h o l e s t e r o l  s t a n d a r d s  
and d u p l i c a t e  5 p1 a l i q u o t s  of  an  egg  y o l k  e x t r a c t ,  made a t  an 
i n t e g r a t o r  a t t e n u a t i o n  s e t t i n g  of X 8 .  The s t a n d a r d  a r e a s  (shown 
below t h r  p e a k s )  had a l i n e a r i t y  c o r r e l a t i o n  ( R )  of 0 .998 ,  and  t h e  
sample  peak  a r e a s  r e p r e s e n t  12.8 ( A )  and 13 .0  (B) mg of c h o l e s t e r o l  
per gram o f  y o l k .  

was p r o c e s s e d  i d e n t i c a l l y  by p r e p a r a t i v e  s i l i c a  g e l  TLC showed t h a t  

c h o l e s t e r o l  was t h e  o n l y  s t e r o l  t h a t  was d e t e c t e d  i n  t h e  y o l k  

e x t r a c t .  r h e s e  r e s u l t s ,  which were  s i m i l a r  t o  t h o s e  o f  S ingh  

r t  a l .  ( 2 3 )  f o r  h e n ' s  egg  y o l k ,  p roved  t n a t  t h e  s t e r o l  zone 

s e p a r a t e d  by s i l i c a  g e l  TLC c o u l d  be r e l i a b l y  q u a n t i f i e d  u s i n g  a 

p u r r  c h o l e s t e r o l  s t a n d a r d .  

of s t e r o l s  s e p a r a t e d  by C-18 RP- and a rgen ta t ion -TLC.  In b o t h  

s y s t e m s ,  t i g h t ,  c i r c u l a r  zones  were  formed.  R e s o l u t i o n  by 

a rgen ta t ion -TLC was somewhat b e t t e r  and  zones  w i t h  d i f f e r e n t  c o l o r s  

were p roduced ,  which f a c i l i t a t e s  i d e n t i f i c a t i o n  o f  t h e  s t e r o l s .  

Tab le  1 shows RF v a l u e s  €or  a v a r i e t y  

To d e t e r m i n e  i f  t h e r e  were v a r i a t i o n s  i n  c h o l e s t e r o l  c o n t e n t  

i n  d i f f e r e n t  l o c a t i o n s ,  s amples  were  t a k e n  from t h e  c e n t e r  and 

o p p o s i t e  edges  o f  a s i n g l e ,  i n t a c t  y o l k .  The v a l u e s  o b t a i n e d  were  

25 .8 ,  24 .2  and  2 6 . 2  mg c h o l e s t e r o l / g  ( r e l a t i v e  s t a n d a r d  d e v i a t i o n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHOLESTEROL IN EGG YOLK 

TABLE 1 

1285 

S t e r o l  

c h o l e s t e r o l  

e r g o s t e r o l  

desinos t e r o l  

s t i g m a s t e r o l  

c o p r o s  t a n o l  

c h o l e s t a n o l  

l a n o s t e r o l  

B - s i t o s t e r o l  

f u c o s t e r o l  

RF VALLIES OF STEROLS ON C-18 RP 

AND Ag+-DlPREGNATED LAYERS 

RP a 

0.36 

- 

0.41  

0.40 

0.36 

0.39  

0 .32  

0.46' 
0.41 

0.36 

0 .39  

b 
- Ag 

0 .53  (G! 

0.49 ( P I  

0 .53  (G) 

0.52 ( P )  

0 .60  ( B )  

0.51 ( B )  

0.60 ( B )  

0 .48  ( P )  

0.47 (G) 

a C-18 bonded s i l i c a  g e l  l a y e r  deve loped  w i t h  a c e t o n i t r i l e -  
c h l o r o f o r m  ( 4 0 : 3 5 ) ;  a l l  s t e r o l s  were  d e t e c t e d  a s  b l u e  s p o t s  by 
PMA. 

S i l i c a  g e l  s h e e t  impregna ted  w i t h  2 .5% e t h a n o l i c  AgN03 and  
deve loped  w i t h  ch lo ro fo rm-ace tone  ( 9 5 : 5 ) .  Zones were  d e t e c t e d  
by c h a r r i n g  w i t h  50% aqueous  H2S04 t o  p roduce  t h e  c o l o r s  
shown i n  t h e  p a r e n t h e s e s :  G = g r e y ,  P = p u r p l e ,  B = brown. 

The l a n o s t e r o l  s t a n d a r d  had a s t a t e d  p u r i t y  of  6 5 % ;  two zones  
were  s e p a r a t e d  i n  t h i s  sys t em.  
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1286 MORRIS, SHERMA, AND FRIED 

3 . 4 % ) ,  i n d i c a t i n g  an  i n s i g n i f i c a n t  e f f e c t  of t h e  sampl ing  s i t e .  To 

i n s u r e  t h a t  r e s u l t s  were  n o t  a f f e c t e d  by t h i s  v a r i a b l e ,  however ,  

y o l k s  were  homogenized b e f o r e  sampl ing  f o r  a l l  subsequen t  a n a l y s e s .  

The p r e c i s i o n  o f  t h e  method was e v a l u a t e d  by a n a l y z i n g  f o u r  

d i f f e r e n t  s amples  from d s i n g l e  homogenized y o l k .  The r e l a t i v e  

s t a n d a r d  d e v i a t i o n  of t h e  r e p l i c a t e  a n a l y s e s  was an  e x c e l l e n t  2 . 2 % .  

The a c c u r a c y  of t h e  method was proven  by a s t a n d a r d  a d d i t i o n  

a n a l y s i s .  Two samples  from t h e  same y o l k  were t a k e n ,  and one  was 

t o r t i € i e d  by a d d i t i o n  o t  1 ml of  t h e  1 mg/ml c h o l e s t e r o l  s t a n d a r d .  

The d i f f e r e n c e  be tween the c h o l e s t e r o l  c o n c e n t r a t i o n s  found f o r  t h e  

two samples  d i v i d e d  by t h e  amount added r e s u l t e d  i n  a r e c o v e r y  o f  

104%.  

The TLC method was compared t o  t h e  s t a n d a r d  Pea r son  e t  a l .  ( 3 )  

c o l o r i m e t r i c  method f o r  c h o l e s t e r o l  a s  m o d i f i e d  by Ba i r  and Mar ion  

( 2 4 )  € o r  h e n s '  e g g s .  Four samples  were  t a k e n  from t h e  same y o l k ,  

and two each  were  a n a l y z e d  by TLC and c o l o r i m e t r y .  The a v e r a g e  

v a l u e s  were 12.0 mg/g f o r  TLC and  17.0 mg f o r  c o l o r i m e t r y .  The 

h i g h e r  v a l u e  was undoub ted ly  due t o  t h e  n o n s p e c i f i c i t y  of t h e  

c o l o r i m e t r i c  method,  which i s  known t o  d e t e r m i n e  c h o l e s t e r y l  e s t e r s  

as w e l l  as  f r e e  c h o l e q t e r o l  ( " t o t a l  c h o l e s t e r o l " )  ( 3 ) .  

The c h o l e s t e r o l  c o n t e n t s  o f  20 egg  y o l k  samples  d e t e r m i n e d  by 

t h e  T L C  method a r e  p r e s e n t e d  i n  T a b l e  2 .  I n  t h e  c a s e  o f  some e g g s ,  

m u l t i p l e  a n a l y s e s  were per formed ( e . g . ,  t w o  r e p l i c a t e s  f o r  e g g  

number 2 and t h r e e  f o r  number 3 ) .  The v a l u e s  r ange  from 9 .7  t o  

2 6 . 2  mg/g, which i s  s i m i l a r  t o  t h e  wide r a n g e  o f  v a l u e s  r e p o r t e d  

i n  t h e  l i t e r a t u r e  f o r  y o l k  c h o l e s t e r o l  in eggs  from v a r i o u s  a v i a n  

s p e c i e s  ( 2 4 ) .  The v a r i a t i o n  in c h o l e s t e r o l  l e v e l s  f o r  d i f f e r e n t  
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TABLE 2 

1287 

CHOLESTEROL CONTENT (MG/G YOLK) OF EGG YOLK, 
BUTTER, A N D  CREAM AS MEASURED BY THE QUANTITATIVE TLC METHOD 

Sample Numbera 

1 
2 
2 
3 
3 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
15 
15 
15 
16 
17 
1 7  
18 
188 
18F 
19 
1 9 .  
20 
20 

C h o l e s t e r o l  

19.8 
13.9 
14.0 
25.8 
24.2 
26.2 

11.8 
10.7 

10.9 
19.6 
18.6 
17.5 
14.4 
15.9 
12.6 
12 .8  
13.4 
13.6 
13.3 
13.4 
11.4 
12.6 
14.4 
12.0 
14.3 

9.72 

9.84 

2.68 
2.59 
0.485 
0.506 

a Samples 1-17 were f r e s h  ch icken  egg yolk; samples 18, 188, and 
l8F were f r e s h ,  b o i l e d ,  and f rozen  y o l k ,  r e s p e c t i v e l y ;  sample 
19 was b u t t e r ;  sample 20 was l i g h t  cream. 
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1288 MORRIS, SHERMA, AND FRIED 

eggs  i s  most l i k e l y  due t o  d i f f e r e n c e s  i n  f e e d i n g ,  env i ronmen t ,  

and o t h e r  f a c t o r s  p e r t a i n i n g  t o  t h e  c a r e  and ma in tenance  o f  t h e  

c h i c k e n s .  One y o l k  sample  (number 18, T a b l e  2 )  was d i v i d e d  i n t o  

t h r e e  p a r t s ;  one p a r t  was f r o z e n  a t  - 2 O O C  o v e r n i g h t ,  a n o t h e r  was 

b o i l e d  i n  w a t e r  i n s i d e  a v i a l  f o r  30 m i n u t e s ,  and one was s t o r e d  i n  

a r p f r i g e r a t o r .  No s i g n i f i c a n t  e f f e c t  on t h e  c h o l e s t e r o l  l e v e l  was 

caused  by b o i l i n g  or f r e e z i n g .  

The method,  e s s e n t i a l l y  unchanged,  was a l s o  a p p l i e d  t o  t h e  

a n a l y s i s  of one  sample  each  o f  l i g h t  cream and b u t t e r  t o  demon- 

s t r a t e  i t s  v e r s a t i l i t y .  The 2.64 ing/g a v e r a g e  o b t a i n e d  f o r  b u t t e r  

matched c l o s e l y  t h e  v a l u e  on t h e  packag ing .  The cream a v e r a g e d  

O..i95 mg/g, which c o n v r r t s  t o  0.0495%,  t h e  l a b e l  v a l u e  in  t h i s  c a s e  

b e i n g  0.064%.  F u r t h e r  work t o  e x p l a i n  t h i s  d i s c r e p a n c y  f o r  t h e  

c ream was not c a r r i e d  o u t ;  o u r  pu rpose  w a s  o n l y  t o  d e m o n s t r a t e  t h e  

a p p l i c a b i l i t y  of t h e  i s o l a t i o n  and d e t e r m i n a t i v e  methods f o r  food 

t y p e s  o t h e r  t h a n  egg .  

The q u a n t i t a t i v e  TLC p r o c e d u r e  i s  s u i t a b l e  f o r  r o u t i n e  a n a l y -  

s i s  o f  c h o l e s t e r o l  i n  egg  y o l k ,  b e i n g  r e l a t i v e l y  s i m p l e ,  a c c u r a t ~ ,  

p r e c i s e ,  and r a p i d  on a per -sample  b a s i s .  The d a t a  i n  T a b l e  1 a r e  

a u s e f u l  a i d  f o r  i d e n t i f y i n g  t h e  s t e r o l s  from f o o d s ,  p l a n t s ,  and  

o rgan i sms  t h a t  do n o t  c o n t a i n  o n l y  c h o l e s t e r o l  i n  t h e  s t e r o l  band 

s e p a r a t e d  by s i l i c a  g e l  I’LC. 
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