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ABSTRACT 

A simplified rapid quantitative method for determination of  sterols in food 

is described. The lipids were extracted in chloroform-methanol and saponified. 

The unpolar components, containing the sterols, were extracted with petroleum- 

ether (PE)and prepared for the gas liquid chromatography (GLC) . Progesterone 
(4-pregnene-3.20-dione) was used as an internal standard for the GLC analysis. 

The recovery of the procedure was studied by adding cholesterol-7-3- 3H be- 

fore extracting the lipids. Average recovery of the method was 87.4 t 8.5%. 
The analytical errors for determination of the sterol content of three diffe- 

rent diets were 10, 20, 25 and 15% for cholesterol, campesterol, stigmasterol 

and 3-sitosterol respectively. 

INTRODUCTION 

Dietary treatment of patients with hyperlipoproteinaemia (HLP) and cardio- 

vascular disease is widely used. As both cholesterol content and plant sterols 

have been shown to have effects on lipoprotein metabolism a detailed knowledge 

of the content of such component is pertinent. Few data are available in the 

literature on the cholesterol content of the food components and no data at 

all on the more complete sterol composition. 

In order to get more exact data on the cholesterol content and data on the 

content of the other sterols of the diets used in dietary treatment of HLP, 

the method described below was developed, 

Quantitative methods to determinate the sterol content of food by means of 

GLC have been described earlier (2.8). A s  these are rather time-consuming in- 

volving both thin layer chromatography (TLC) and gas liquid chromatography 

(GLC) a modification of the earlier methods was developed. The principal steps 

of the method are 

1 )  Extraction of the lipids 

2) Saponification 

3) Reextraction of the nonpolar lipids 
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4 )  GLC and c o u n t i n g  o f  t h e  r a d i o a c t i v i t y  

Three d i f f e r e n t  d i e t s  have been s t u d i e d  used i n  m e t a b o l i c  ward s t u d i e s .  Each 

d i e t  i n c l u d e s  seven d i f f e r e n t  menus, one f o r  e a c h  day of  t h e  week. Three ana- 

l y s e s  have been performed of  t h e  food of  e a c h  day .  

CHEMICALS 

S o l v e n t s .  Pe t ro l eum e t h e r  ( b o i l i n g  p o i n t  4O-6O0C), me thano l .  h e p t a n e  and 

c h l o r o f o r m  were r e d i s t i l l e d  i n  a l l  g l a s s  a p p a r a t u s  b e f o r e  use .  E t h a n o l  (96 % 

v / v )  a n a l y t i c a l  g r a d e  was used wi thou t  p u r i f i c a t i o n .  0 2 M NaH PO was used 

f o r  e x t r a c t i o n  and 1 M N a O H  i n  90% e t h a n o l  f o r  s a p o n i f i c a t i o n ,  

I s o t o p e s .  C h o l e s t e r o l - 7 -  a -3H was a k i n d  g i f t  r e c e i v e d  from t h e  Department 

2 4  

-- 
of P h y s i o l o g i c a l  c h e m i s t r y ,  I J n i v e r s i t y  of  Lund and was added t o  a c a r r i e r  t r i -  

p a l m i t i n  ( 5  mg t o  2 5*10-3pC i n  10 ml h e p t a n e ) .  

S c i n t i l l a t i o n  s o l u t i o n .  Toluene c o n t a i n i n g  0 . 5  g POPOP and 5 . 0  g PPO p e r  1 

from Packard i n s t r u m e n t  Company I n c  was used a s  s c i n t i l l a t i o n  q o l u t i o n .  

Re fe rence  s t a n d a r d .  S t e r o l  s t a n d a r d s  w i t h  h i g h  p u r i t y  ( c h o l e s t e r o l ,  campe- 

s t e r o l .  B - s i t o s t e r o l  and s t i g m a s t e r o l )  and p r o g e s t e r o n e  ( 4  pregnene-3.20-dione)  

were bought  from App l i ed  S c i e n c e  L a b o r a t o r i e s  I n c .  The s t a n d a r d s  w e r e  d i s s o l v e d  

i n  chloroform:heptane(l:l~.The p u r i t y  of  t h e  s t a n d a r d s  was t e s t e d  on t h e  GLC 

and was a c c e p t e d  s i n c e  e a c h  s t e r o l  showed a s i n g l e  peak. 

~ 

GENERAL PROCFDIJRE 

Homogenization. The whole menu of  one day was c o l l e c t e d  i n  a pre-weighed 

metal c a n .  S u f f i c i e n t  amount o f  w a t e r  was added t o  pe rmi t  a f l u i d  homogenate 

and t h e  can  was weighed a g a i n .  The food was homogenized a t  4 O o C  f o r  2-3 min 

i n  a mixe r  (Stephan - 15 1, 3000 v / m i n ) .  A sample of  t h e  homogenate w a s  t a k e n  

and k e p t  i n  a f r e e z e r  a t  -2OOC u n t i l  a n a l y s i n g .  

E x t r a c t i o n  of  t h e  l i p i d s .  The e x t r a c t i o n  o f  t h e  l i p i d s  was c a r r i e d  o u t  w i t h  
I - 

3 methanol  and ch lo ro fo rm ( 1 )  i n  t h e  f o l l o w i n g  way: 100 1,1 c h o l e s t e r o l - 7 - c r  H 

w i t h  a r a d i o a c t i v i t y  around 20  000 c o u n t s  p e r  minu te  (CPM) was added t o  e x a c t  

10 g of  t h e  homogenate e s t i m a t e d  t o  c o n t a i n  0 . 5  - 5 mg o f  t o t a l  s t e r o l s  i n  a 

r e t o r t .  50 ml ( n o t  c r i t i c a l )  o f  methanol  was added w h i l e  t h e  retort  was 

s w i r l e d .  E x a c t l y  100 m l  o f  ch lo ro fo rm was added and f o l l o w e d  by a d d i t i o n  of  150 

ml 0 . 2  M 

t h e  n e x t  day t o  s e p a r a t e  i n t o  two p h a s e s .  E x a c t l y  50 m l  of  t h e  c h l o r o f o r m  was 

p i p e t t e d  i n t o  a r e t o r t  f o r  r o t a r y  e v a p o r a t i o n  i n t o  d r y n e s s .  

sodium d ihydrogenphospha te  (NaH2P04)- The e x t r a c t  was l e f t  u n t i l  

S a p o n i f i c a t i o n ,  20 m l  1 M NaOH i n  90% e t h a n o l  was added t o  t h e  d r y  l i p i d  - - 
e x t r a c t .  A f t e r  a d d i t i o n  of  a few b o i l i n g  d r i p s  t h e  c o n t e n t  of  t h e  r e t o r t  w a s  

r e f l u x e d  f o r  1 h .  
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E x t r a c t i o n  of  t h e  s t e r o l s .  The a l k a l i n e  e x t r a c t  was q u a n t i t a t i v e l y  t r a n s -  

f e r r e d  i n t o  a s e p a r a t o r  f u n n e l  w i t h  10 m l  of w a t e r  (1  m l  + 3 x 3 m l  p o r t i o n s )  

and w i t h  50 ml pe t ro l eum e t h e r  (PE) (5 x 10 m l  p o r t i o n s ) .  The f u n n e l  was shaked 

c a r e f u l l y  and t h e  PE phase w a s  c o l l e c t e d .  Another  two e x t r a c t i o n s  w i t h  50 m l  

PE wereperformed.  3 m l  p r o g e s t e r o n e  s o l u t i o n  w i t h  t h e  c o n c e n t r a t i o n  0.1 mg pro-  

g e s t e r o n e  p e r  ml PE were added t o  t h e  c o l l e c t e d  PE. The PE-phase was e v a p o r a t e d  

i n t o  d r y n e s s  i n  a r o t a r y  e v a p o r a t o r .  

- 

The y e l l o w  e x t r a c t  w a s  t h e n  d i s s o l v e d  i n  ch lo ro fo rm and q u a n t i t a t i v e l y  

b rough t  i n t o  a t e s t  t u b e .  The c h l o r o f o r m  phase was e v a p o r a t e d  and t h e  e x t r a c t  

was t h e n  d i s s o l v e d  i n  e x a c t l y  3 m l  ch lo ro fo rm:  h e p t a n s ( 1 : I ) .  
3 The a d d i t i o n  o f  c h o l e s t e r o l - 7 - X -  H t o  t h e  food homogenate p e r m i t t e d  d e t e r -  

m i n a t i o n  of  t h e  r e c o v e r y  a t  t h e  end of  t h e  e n t i r e  p rocedure  and a f t e r  e a c h  

s t e p  of  t h e  p r o c e d u r e ,  where l o s s e s  might be  s u s p e c t e d  1 ml of  t h e  c h l o r o f o r m  

phase  o f  t h e  f i r s t  l i p i d  e x t r a c t i o n ,  1 ml of  t h e  PE-phase a f t e r  t h e  s t e r o l  

e x t r a c t i o n  and 1 m l  of  t h e  ch1oroform:heptanesolution a t  t h e  end o f  t h e  pro-  

c e d u r e  were p i p e t t e d  i n t o  p l a s t i c  v i a l s  c o n t a i n i n g  1 0  m l  s c i n t i l l a t i o n  s o l u t i o n .  

The r a d i o a c t i v i t y  of  t h e  samples  w a s  coun ted  w i t h i n  24 h o u r s  i n  a Packard T r i -  

Carb L iqu id  s c i n t i l l a t i o n  s p e c t r o m e t e r  (packa rd  I n s t r u m e n t  Co) . Quenching and 

s e l f  a b s o r p t i o n  was c o r r e c t e d  f o r  by a d d i n g  t h e  i n t e r n a l  s t a n d a r d  c h o l e s t e r o l -  

7-a- H i n  h e p t a n e s o l u t i o n  w i t h  a r a d i o a c t i v i t y  around 20 000 cpm ( 1 ) .  3 

A l l  samples  were coun ted  t w i c e  f o r  10 min and a f t e r  a d d i t i o n  o f  t h e  i n t e r -  

n a l  s t a n d a r d  t w i c e  f o r  1 min. 

The g a s  l i q u i d  chromatography a n a l y s e s  ( s e e  F i g .  1) An a l i q u o t  of  t h e  

sample d i s s o l v e d  i n  ch lo ro fo rm and h e p t a n e ( 1 : l )  was i n j e c t e d  i n  a Pye-Unicam 

104 gas  l i q u i d  chromatograph,  equ ipped  w i t h  a 1 . 5  M 3% SE coIumn w i t h  t h e  i n -  

t e r n a l  d i a m e t e r  4 mm. The t e m p e r a t u r e  o f  t h e  oven w a s  24OoC and d e t e c t o r  

t e m p e r a t u r e  27OoC. C a r r i e r  g a s  was n i t r o g e n  a t  a f l o w  r a t e  of  30 ml/min. A 

f l ame  i o n i 7 a t i o n  d e t e c t o r  was used and worked t o g e t h e r  w i t h  hydrogen a t  t h e  

same f l o w  ra te .  A i r  f l o w  r a t e  w a s  between 450-500 m l / m i n .  The s t e r o l s  were 

s e p a r a t e d  i s o t h e r m a l l y .  The d i f f e r e n t  s t e r o l s  and t h e i r  r e t e n t i o n  times were 

c a l c u l a t e d  by a Vida r  6300 d i g i t a l  i n t e g r a t o r .  The peaks were i d e n t i f i e d  a c c o r -  

d i n g  t o  r e t e n t i o n  t i m e  i n  r e l a t i o n  t o  known s t a n d a r d s .  The amount o f  s te ro ls  

w a s  c a l c u l a t e d  from t h e  known amoiint of p r o g e s t e r o n e  added a f t e r  t h e  PE ex- 

t r a c t i o n  of  t h e  a n a l y s i s .  The r e s p o n s e  f a c t o r s  of  t h e  d i f f e r e n t  s t e r o l s  i n  re- 

l a t i o n  t o  p r o g e s t e r o n e  were t e s t e d  on t h e  GLC a c c o r d i n g  t o  s t u d i e s  by Blomhoff 

(3). S o l u t i o n s  w i t h  a l l  t h e  s t e r o l s  and p r o g e s r e r o n e  a t  d i f f e r e n t  c o n c e n t r a -  

t i o n s  (50-300 i:g/ml) were i n j e c t e d  i n t o  t h e  GLC column and t h e  r e s p o n s e  f a c t o r s  

were c a l c u l a t e d .  

C a l c u l a t i o n s ,  For c a l c u l a t i o n  o f  t h e  c h o l e s t e r o l  c o n t e n t  of  t h e  d i e t s  t h e  

A g r i c u l t u r a l  Handbook No 8 ,  Composi t ion o f  Foods (10) .  t h e  p a p e r  by F e e l e y  
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Fig .  1 .  Gas l i q u i d  chromato- 
gram on a mix tu re  of  known 
s t e r o l s  and p r o g e s t e r o n e  d i s -  
so lved  i n  hep tane :ch lo ro fo rm.  

1000 

o progesterone 0 campesterol A O-sitosterol 
0 cholesterol A stigmasterol 

F i g .  2 .  The r e sponse  of d i f f e r e n t  s t e r o l s  and p r o g e s t e r o n e  on t h e  
g a s  l i q u i d  chromatograph. 
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e t  a 1  ( 4 )  a n d ,  f o r  d i a r y  p r o d u c t s ,  i n f o r m a t i o n  from t h e  O r g a n i s a t i o n  o f  t h e  

Swedish Mi lk  p r o d u c e r s  have been  u s e d .  

The s e a r c h e d  s t e r o l  was c a l c u l a t e d  from t h e  f o l l o w i n g  f o r m u l a .  

Sea rched  s t e r o l  (g )  = 

Amount o f  p r o g e s t e -  The peak  o f  Response T o t a l  w e i g h t  The end volume 
rone  . g . m1-I . t h e  s e a r c h e d  - f a c t o r  . of  food  . g . o f  t h e  s t e r o l  

I 

e x t r a c t  . ml s t e r o l  
The peak o f  p r o g e s t e r o n e  0 . 5  . food  sample 

I 

weighed o u t  ( g )  
f o r  a n a l y s i n g  

The r e s p o n s e  f a c t o r s  f o r  t h e  GLC a n a l y s e s  were c a l c u l a t e d  from t h e  

e q u a t i o n  o f  t h e  s t r a i g h t  l i n e  Y = kx + 1 and were o b t a i n e d  t h r o u g h  t h e  

f o 1 lowine  c a  l c  u l a  t i o n s  : - 
The s l o p e  f o r  p r o g e s t e r o n e  
The s l o p e  f o r  t h e  a c t u a l  s t e r o l  

Response  f a c t o r s  = s e e  a l s o  F i g .  2 .  

The c a l c u l a t i o n s  o f  t h e  a n a l y t i c a l  e r r o r .  The e r r o r  o f  d e t e r m i n a t i o n  -~ 
o f  t h e  d i f f e r e n t  k i n d s  o f  s t e r o l s  was c a l c u l a t e d  by t h e  fo rmula :  

S.D. =I,”- . (d  = d i f f e r e n c e  be tween two measurements  o f  t h e  same sample ,  

n = number o f  t h e  d u p l i c a t e s ) .  

-- 2-2 
2n 

DIETS 

The d i e t s  were  used  i n  m e t a b o l i c  ward s t u d i e s .  The c o m p o s i t i o n  o f  t h e  

c o n t r o l  d i e t  was p l anned  t o  b e  v e r y  s i m i l a r  t o  t h e  f a t  reduced  d i e t .  Only 

t h e  amount o f  f a t  d i f f e r e d  s i g n i f i c a n t l y .  The c o n t e n t  o f  f a t  i n  t h e  c o n t r o l  

d i e t  was 40 % o f  t h e  e n e r g y  (EX) w h i l e  t h e  f a t  c o n t e n t  o f  t h e  f a t  r educed  

d i e t  was 20  EX.  The P / S - r a t i o  o f  t h e s e  d i e t s  was 0 .24 .  The c a l c u l a t e d  c h o l e -  

s t e r o l  c o n t e n t  was 355 2 63  mg and 279 

t h e  f a t  r educed  d i e t  r e s p e c t i v e l y .  The p r o t e i n  c o n t e n t  o f  t h e  d i e t s  was 1 2  E% 

52 mg p e r  10 M J  i n  t h e  c o n t r o l  and 

and 14 E% of t h e  c o n t r o l  

d i f f e r e d  i n  s e v e r a l  ways 

c o n t e n t  were  lower  35  E% 
and P / S - r a t i o  w a s  h i g h e r  

o f  IT b d i e t  was r educed  

The r e c o v e r y  s t u d i e s .  
__-I - - - - ~  

and t h e  f a t  reduced  d i e t  r e s p e c t i v e l y .  The I 1  b d i e t  

from t h e  o t h e r s .  The f a t  c o n t e n t  and c h o l e s t e r o l  

and 213 1 7  mg r e s p e c t i v e l y .  The p r o t e i n  c o n t e n t  

20 EZ and 2.0 r e s p e c t i v e l y  w h i l e  t h e  s u g a r  c o n t e n t  

compared t o  t h e  c o n t r o l  and t h e  f a t  r educed  d i e t .  

RESIJLT S 

The i n t e r n a l  s t a n d a r d  ( p r o g e s t e r o n e )  c o u l d  n o t  b e  

added  t o  t h e  o r i g i n a l  homogenate o f  t h e  food  b e c a u s e  o f  i n s t a b i l i t y  by t h e  

a l k a l i n e  t r e a t m e n t .  Two c r i t i c a l  s t e p s  b e f o r e  t h e  a d d i t i o n  of  t h e  p r o g e s t e -  

r o n e  became a p p a r e n t .  The f i r s t  was t h e  c h l o r o f o r m  e x t r a c t i o n  o f  t h e  l i p i d s .  

The r e c o v e r y  i n  t h i s  s t e p  w a s  (mean SD) 104.9 2 . 3  % .  The quench ing  was 



10.8 1 . 4  % (Tab le  1 ) .  The second s t e p  of s u s p e c t e d  l o s s e s  w a s  a f t e r  t h e  

PE e x t r a c t i o n .  The r e c o v e r y  i n  t h i s  s t e p  was 102.5 2 2.9% and t h e  quenching 

13.5 5.20.  The r ecove ry  of t h e  e n t i r e  p rocedure  was 87.4 8 . 5  %. The 

quenching i n  t h i s  las t  s t e p  of t h e  a n a l y s i s  p rocedure  w a s  66.3 27.8%. 

The e r r o r  of t h e  d e t e r m i n a t i o n  o f  t h e  c h o l e s t e r o l  c o n t e n t  was 8 . 5 ,  11.9 

and 10.4% i n  t h e  c o n t r o l  d i e t ,  t h e  I1 b d i e t  and i n  t h e  f a t  r educed  d i e t  

r e s p e c t i v e l y  (Tab le  2 ) .  De te rmina t ion  of t h e  c a m p e s t e r o l  c o n t e n t  had a h i g h e r  

a n a l y t i c a l  e r r o r  18.1, 18.1 and 37% f o r  t h e  c o n t r o l  d i e t ,  t h e  I1 b d i e t  and 

t h e  f a t  reduced d i e t  r e s p e c t i v e l y  p robab ly  e x p l a i n e d  by t h e  s m a l l  amounts o f  

campes te ro l  i n  t h e  d i e t s .  S i m i l a r l y  f o r  s t i g m a s t e r o l  t h e  a n a l y t i c a l  e r r o r  

was 25 .3 ,  29.7 and 22.6% f o r  t h e  t h r e e  d i e t s  r e s p e c t i v e l y .  The d e t e r m i n a t i o n  

o f  t h e  6 - s i t o s t e r o l  c o n t e n t  r e s u l t e d  i n  an a n a l y t i c a l  e r r o r  o f  9 . 3 ,  1 1 . 1  and 

17% f o r  c o n t r o l ,  I1 b and t h e  f a t  reduced d i e t s  r e s p e c t i v e l y .  

The r e s p o n s e  f a c t o r s .  The r e sponse  f a c t o r s  o f  t h e  d i f f e r e n t  s t e r o l s  

( F i g .  2) i n  r e l a t i o n  t o  p r o g e s t e r o n e  w e r e  s t u d i e d  eve ry  month, i n  o r d e r  t o  

check t h e  c o n d i t i o n  o f  t h e  GLC column. The r e s p o n s e  f a c t o r s  c a l c u l a t e d  f o r  

seven d i f f e r e n t  o c c a s i o n s  were 0.95 0.03, 1.01 0 .07 ,  1 .12  : 0.09 and 1.10 

0.10 f o r  c h o l e s t e r o l ,  c a m p e s t e r o l ,  s t i g m a s t e r o l  and B - s i t o s t e r o l  r e spec -  

t i v e l y .  

The c a l c u l a t e d  and a n a l y s e d  c h o l e s t e r o l  c o n t e n t  of t h e  c o n t r o l ,  I1 b and 

t h e  f a t  reduced d i e t s .  The c h o l e s t e r o l  c o n t e n t  o f  t h e  d i e t s  was c a l c u l a t e d  

by u s i n g  Food Composition T a b l e s  ( 4 ,  1 0 ) .  The c a l c u l a t e d  and t h e  a n a l y s e d  

amounts d i f f e r e d  s i g n i f i c a n t l y  (p  < 0 .05)  i n  t h e  c o n t r o l  and i n  t h e  f a t  

reduced d i e t s .  The d i f f e r e n c e s  were -14.9 : 5 . 4 ,  +9.4+ 5 .6  and -20.9 6.0% 

i n  t h e  c o n t r o l  d i e t ,  t h e  I1 b d i e t  and i n  t h e  f a t  reduced d i e t  r e s p e c t i v e l y  

(Tab le  3 ) .  

The s t e r o l  compos i t ion  o f  t h e  c o n t r o l ,  I1 b and t h e - f a t  r educed  d i e t s .  

The a n a l y s e d  c o n t e n t  o f  c h o l e s t e r o l ,  c a m p e s t e r o l ,  s t i g m a s t e r o l  and B-sito- 

s t e r o l  o f  t h e  c o n t r o l  d i e t  was 292 44 ,  37 3 ,  14 2 and 117 1 1  mg p e r  

10 M J  r e s p e c t i v e l y  (Tab le  4 ) .  S i m i l a r l y  f o r  t h e  I1 b d i e t  was 228 _f 9 ,  63  

3 ,  28 _+ 1 and 285 

m a s t e r o l  and 6 - s i t o s t e r o l  r e s p e c t i v e l y .  The f a t  reduced d i e t  was a n a l y s e d  

t o  c o n t a i n  214 4 1 ,  34 _+ 5 ,  18 2 ,  91 10 mg o f  c h o l e s t e r o l ,  c a m p e s t e r o l ,  

s t i g m a s t e r o l  and 6 - s i t o s t e r o l  r e s p e c t i v e l y .  

16 mg f o r  t h e  c o n t e n t  o f  c h o l e s t e r o l ,  c a m p e s t e r o l ,  s t i g -  
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Tab le  1 .  Recovery  s t u d i e s  

C r i t i c a l  s t e p  Number o f  the  The r e c o v e r y  The quench ing  
samples  s t u d i e d  % x + S D  % x k S D  

E x t r a c t i o n  o f  t h e  l i p i d  30 
w i t h  c h l o r o f o r m  

104.9  2 2 .3  10 .8  1 .4  

E x t r a c t i o n  of t h e  s t e r o l s  6 102 .5  2.9 13 .5  2 5 . 2  
w i t h  p e t r o l e u m e t h e r  

A f t e r  t h e  e n t i r e  
a n a l y s e  p r o c e d u r e  

8 7 . 4  2 8 . 5  66 .3  27 .8  42 

Tab le  2.  C a l c u l a t i o n  o f  t h e  a n a l y t i c a l  e r r o r  o f  t h e  s t e r o l  method. 

- ~ 

I 
~~ 

1 -  I 

Diets  C h o l e s t  e r o l  Campes t e r o l  S t igmas  t e r o l  ( f s  i t o  t e r o l  

n* % n  % n  % n  % 

C o n t r o l  21 8.5 22 18.1 20 25 .3  20 9 .3  

I1 b 21 11.9 21 18.1 19 29 .7  21 1 1 . 1  

Fa t  r educed  21 10 .4  20 3 7 . 0  19 22 .6  21 17 .0  

* number of d u p l i c a t e  s amples  

T a b l e  3 .  The c h o l e s t e r o l  c o n t e n t  c a l c u l a t e d  and a n a l y s e d  in c o n t r o l ,  I1 b 
and f a t  r educed  d i e t  p e r  10 M J  (2400 k c a l ) .  One week ' s  menu. 

Die ts  Ca l c  u l a  t ed Ana 1 y s ed D i f f e r m c  e P-va 1 lie 

mg mg % 

C o n t r o l  
Average of mean f o r  355 6 3  292 44 -14.9 5 .4  <0.05 
each  day - SEM 

I I b  
Average of mean f o r  213 17 228 It 9 + 9 .4  5 .6  >0 .05  
each  day  - SEM 

F a t  r educed  d i e t  
Average o f  mean f o r  279 52 214 41 -20.9 6 . 0  <0.05 
each  day  SEM 

The s t a t i s t i c a l  s i g n i f i c a n c e  was t e s t e d  w i t h  t h e  p a i r e d  S t u d e n t  t - t e s t .  
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Tab le  4 .  The a n a l y s e d  s t e r o l  compos i t ion  i n  c o n t r o l ,  I1 b and f a t  reduced 
d i r t  p e r  10 M J  ( 2 4 0 0  k c a l ) .  One wepk's  menu. 
-- 

Diets C h o l e s t  e r o l  Campe q t  e r o  1 S t  i gma s t Fro 1 a-9 i t o  s t  et-o 1 
mg mg mg mg 

C o n t r o l  
Average o f  mean f o r  292 44  37 _+ 3 14 2 1 1 7  1 1  
e a c h  day SEM 

I I b  
Average o f  mean f o r  228 9 63  A 3 
e a c h  day SEM 

F a t  r educed  d i e t  

each  day SEM 

+ 
Average of  mean f o r  214 2 41  34 z 5 18 2 91 - 10 

DISCUSSION AND COMMENTS 

The a i m  w a s  t o  d e t e r m i n e  t h e  c o n t e n t  o f  c h o l e s t e r o l  and t h e  more d e t a i l e d  

s t e r o l  compos i t ion  i n  o u r  d i e t s .  I n  the p r e s e n t  s t u d y  a method w a s  worked o u t ,  

which was less  time-consuming t h a n  e a r l i e r  d e s c r i b e d  methods i n v o l v i n g  G L C .  The 

u s e  o f  p r o g e s t e r o n e  as an i n t e r n a l  s t a n d a r d  made it  p o s s i b l e  t o  e x c l u d e  t h e  

t h i n  l a y e r  chromatography.  The p r o g e s t e r o n e  showed a s i n g l e  peak a p a r t  from 

o t h e r  components o f  t h e  d i e t  w i t h o u t  p r e c e d i n g  s e p a r a t i o n  on TLC. I t  s h o u l d ,  

however,  b e  n o t i c e d  t ha t  p r o g e s t e r o n e  w a s  n o t  r e s i s t a n t  t o  t h e  a l k a l i n e  t r ea t -  

ment and had t o  b e  added a f t e r  s a p o n i f i c a t i o n .  The r ecove ry  of  t h e  added i s o -  

t o p e  b e f o r e  a d d i n g  t h e  p r o g e s t e r o n e  had t h e r e f o r e  been s t u d i e d  and no l o s s e s  

were found.  

The s t e r o l  compos i t ion  o f  t h e  t h r e e  d i e t s  d i f f e r e d .  The re  w a s  a h i g h e r  con- 

t en t  o f  c a m p e s t e r o l ,  s t i g m a s t e r o l  and 6 - s i t o s t e r o l  i n  t h e  I1 b d i e t ,  which 

c o n t a i n s  more v e g e t a b l e s  t h a n  t h e  o t h e r  d i e t s .  These s t e r o l s  were a l s o  t y p i c a l  

p l a n t  s t e r o l s .  The c o n t r o l  d i e t  and t h e  f a t  r educed  d i e t  were v e r y  s i m i l a r l y  

p l anned  b e s i d e s  t h a t  t h e  c o n t r o l  d i e t  c o n t a i n e d  4 0  E% f a t  and t h e  f a t  reduced 

d i e t  o n l y  20 E% and were supposed t o  have a s i m i l a r  s t e r o l  c o m p o s i t i o n .  The 

v e r y  low c o n t e n t  of c a m p e s t e r o l  and s t i g m a s t e r o l  i n f l u e n c e d  on t h e  a n a l y t i c a l  

e r r o r  which became h i g h e r  f o r  t h e s e  s t e r o l s .  The re  were p robab ly  small amounts 

o f  o t h e r  s t e r o l s  i n  o u r  d i e t s ,  b u t  t h e y  c o u l d  n o t  b e  d e t e c t e d  by o u r  packed 

column. A GLC equ ipped  w i t h  a c a p i l l a r  column would s e p a r a t e  a l l  d i f f e r e n t  

s t e r o l s  of t h e  d i e t s .  

The d i f f e r e n c e s  between t h e  c a l c u l a t e d  and t h e  a n a l y s e d  c h o l e s t e r o l  d a t a  

might  be  e x p l a i n e d  by t h e  f o l l o w i n g  f a c t .  Our c a l c u l a t i o n s  were b a s e d  on d a t a  

from Handbook no 8 ( 1 0 )  and a r e p o r t  by F e e l e y  e t  a1 ( 4 )  and i n f o r m a t i o n  from 
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t h e  o r g a n i s a t i o n  o f  t h e  Swedish  Mi lk  P r o d u c e r s .  These  d a t a  were based  on de- 

t e r m i n a t i o n s  made a c c o r d i n g  t o  Liebermann-Buchard ' s  c o l o r i m e t r i c  r e a c t i o n  ( 9 ) .  

The c o l o r i m e t r i c  methods have been r e p o r t e d  ( 3 , 7 )  t o  g i v e  h i g h e r  c h o l e s t e r o l  

l e v e l s  t h a n  t h e  GLC method. T h i s  was t h e  p r o b a b l e  r e a s o n  f o r  t h e  d i f f e r e n c e  

between t h e  c a l c u l a t e d  v a l u e s  and t h o s e  a n a l y s e d  i n  t h e  c o n t r o l  and I n  t h e  f a t  

reduced  d i e t s .  

The TI b d i e t  c o n t a i n s  o n l y  low f a t  f o o d s ,  e . g .  low f a t  m i l k ,  l e a n  meat and 

low f a t  c h e e s e .  The d a t a  on d a i r y  p r o d u c t s  used  f o r  c a l c u l a t i o n  o f  t h e  c h o l e -  

s t e r o l  c o n t e n t  was 2 .5  mg c h o l e s t e r o l / g  f a t  f o r  a l l  d a i r y  p r o d u c t s .  LaCroix  e t  

a 1  ( 6 , 7  ) h a s  d e m o n s t r a t e d  t h a t  a l l  d a i r y  p r o d u c t s  h a v i n g  a f a t  v a l u e  h i g h e r  

t h a n  who 

t h a t  t h e  

h i g h e r  ( 

d i e t  had 

There  

ana  l y  s ed 

e m i l k  h a s  a c h o l e s t e r o l  c o n t e n t  o f  3 mg c h o l e s t e r o l  p e r  gram f a t  and 

r a t i o  be tween c h o l e s t e r o l  and  f a t  i n  food  w i t h  lower  f a t  c o n t e n t  was 

1.3 mg/g f a t  f o r  skim m i l k ) .  T h i s  i s  t h e  p r o b a b l e  r e a s o n  why t h e  I1 b 

h i g h e r  a n a l y s e d  v a l u e s  t h a n  t h e  c a l c u l a t e d  o n e s .  

was a f u r t h e r  d i f f e r e n c e  be tween t h e  d i e t s .  The c a l c u l a t e d  and t h e  

v a l u e s  d i f f e r e d  i n  t h e  c o n t r o l  d i e t  (14 .9%)  and i n  f a t  reduced  d i e t  

(20.9%). T h i s  f a c t  might  b e  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  c o n t r o l  d i r t  con- 

t a i n e d  more d a i r y  p r o d u c t s  t han  t h e  f a t  r educed  d i e t .  The f o r m e r  c o n t a i n e d  a t  

least  60 g f a t  d e r i v e d  f rom m i l k  f a t ,  An u n d e r e s t i m a t i o n  o f  0 .5  mg c h o l e s t e r o l  

p e r  gram f a t  i n  t h e  c o n t r o l  d i e t  would make a d i f f e r e n c e  o f  30 mg r b o l e s t e r o l  

a day .  

La rge  amounts  o f  p l a n t  s t e r o l s  were r e p o r t e d  t o  have  a d e c r e a s i n g  e f f e c t  on 

t h e  serum 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  due  t o  a r educed  a b s o r p t i o n  o f  b o t h  exo- 

genous  and endogenous  c h o l e s t e r o l  ( 5 ) .  The c o n t e n t  of  p l a n t  s t e r o l  i n  o u r  d i e t s  

d i f f e r e d .  Most p l a n t  s t e r o l s  were  found i n  t h e  IT b d i e t  (376 mg). The amounts  

showing a t h e r a p e u t i c  e f f e c t  i n  e a r l i e r  s t u d i e s  were 5-10 g / d a y ,  why t h e  

amounts o f  p l a n t  s t e r o l s  i n  t h e  I1 b d i e t  p robab ly  a r e  t o o  s m a l l  t o  have any 

e f f e c t  on t h e  serum c h o l e s t e r o l  c o n c e n t r a t i o n .  
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