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DETERMINATION OF TOCOPHEROLS AND TOCOTRIENOLS I N  FOODS AND 
TISSUES BY H I G H  PERFORMANCE L I Q U I D  CHROMATOGMPHY 

J . N .  Thompson and G .  Hat ina  

N u t r i t i o n  Research L a b o r a t o r i e s  
Food D i r e c t o r a t e  

Heal th  P r o t e c t i o n  Branch 
Tunney's P a s t u r e  

O t t a w a ,  Ontar io  
Canada 

ABSTRACT 

Samples (10 g )  of foods and t i s s u e s  w e r e  homogenized i n  
i sopropanol  and ace tone .  Low p o l a r i t y  l i p i d s  were o b t a i n e d  i n  
t h e  ep iphase  a f t e r  t h e  a d d i t i o n  of hexane and water t o  t h e  
f i l t e r e d  e x t r a c t .  A f t e r  s e p a r a t i o n ,  t h e  hypophase w a s  e x t r a c t e d  
t w i c e  wi th  hexane and t h e  combined ep iphases  were evapora ted .  
The r e s i d u e ,  which contained 97% of t h e  v i tamin  E i n  t h e  sample, 
w a s  d i s s o l v e d  i n  hexane and a l i q u o t s  ( 2 0  1.11) were chromato- 
graphed on a 25 cm column of 51.1 LiChrosorb S i 6 0  w i t h  0.2% 
isopropanol  o r  5% d i e t h y l  e t h e r  i n  mois t  hexane. A s p e c t r o -  
f luorometer  set a t  290 nm e x c i t a t i o n  and 3 3 0  nm emiss ion  w a s  
used as a d e t e c t o r .  Up t o  2 mg l i p i d  could be i n j e c t e d  and 4 
ng tocophero l  produced a d e t e c t a b l e  peak. Four tocophero ls  
(ct,B,y and 6)  and t h r e e  t o c o t r i e n o l s  (a,B and y) were measured 
i n  a v a r i e t y  of t i s s u e s  and foods.  Plastochromanol-8 and t h e  
a n t i o x i d a n t  BHA were a l s o  d e t e c t e d  i n  some samples. A pre-  
p a r a t i v e  ( 1  c m  diam) column w a s  used t o  i s o l a t e  t o c o t r i e n o l s  
from rubber  l a t e x  and wheat f l o u r  and t h e  p u r i t y  and i d e n t i f y  
of t h e  specimens, which were used as s t a n d a r d s ,  were confirmed 
by m a s s  spectroscopy.  As esters of tocophero l  are n o t  f l u o r -  
e s c e n t ,  foods c o n t a i n i n g  added tocopheryl  acetate were ana lysed  
a f t e r  s a p o n i f i c a t i o n .  
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328 THOMPSON AND HATINA 

INTRODUCTION 

The e a r l i e s t  methods f o r  d e t e r m i n i n g  n a t u r a l l y  o c c u r r i n g  

forms of  v i t a m i n  E ,  which c o n s i s t  of e i g h t  t o c o l s  ( f o u r  toco-  

p h e r o l s  and fou r  t o c o t r i e n o l s ) ,  involved s i m p l e  c o l o r i m e t r i c  

t e s t s .  I n d i v i d u a l  t o c o l s  were n o t  d i s t i n q u i s h e d .  More so- 

p h i s t i c a t e d  p rocedures  have s i n c e  been deve loped ,  i n v o l v i n g  

GLC, TLC, paper  and column chromatography, which can be  used t o  

s e p a r a t e  and measure a l l  forms of t h e  v i t a m i n  (1). These 

methods,  however, a r e  d i f f i c u l t  and t e d i o u s  t o  perform.  

Recently,HPLC has  been used t o  measure t o c o l s  i n  s p e c i f i c  

foods o r  t i s s u e s  (2-8). We now d e s c r i b e  a selective and s e n s i t i v e  

HPLC method which can  be a p p l i e d  t o  a l l  t y p e s  of sample.  

MATERIALS 

S tanda rds  

Tocopherols  (a- ,  6-, y- and 6-1 were g i f t s  and p u r c h a s e s  

from Hoffman-La Roche L td ,  and D i s t i l l a t i o n  P r o d u c t s  I n d u s t r i e s .  

Each tocophero l  w a s  p u r i f i e d , b e f o r e  use,by p r e p a r a t i v e  HPLC. 

T o c o t r i e n o l s  were i s o l a t e d  from n a t u r a l  s o u r c e s  as d e s c r i b e d  

below. 

S o l v e n t s  

Acetone and hexane were g l a s s - d i s t i l l e d .  Moist  hexane f o r  

HPLC w a s  p repa red  by mixing e q u a l  p a r t s  of d r y  hexane and water- 

s a t u r a t e d  hexane. Anhydrous d i e t h y l  e t h e r  w a s  d i s t i l l e d  ove r  

reduced i r o n  immediately b e f o r e  use .  
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TOCOLS I N  FOODS AND TISSUES 329 

A n a l y t i c a l  HPLC 

A Perkin-Elmer Model 601 system w a s  f i t t e d  w i t h  a Waters 

U6K loop i n j e c t o r  and a 25 cm x 3 . 2  mm column of 5p LiChrosorb 

Si60. A Perkin-Elmer MPF-3 spectrophotofluorometer,equipped 

with a f low ce l l  and a LC55 a b s o r p t i o n  d e t e c t o r  ( s e t  a t  295 nm), 

were used t o  monitor  t h e  e f f l u e n t .  A Perkin-Elmer c a l c u l a t i n g  

i n t e g r a t o r  (Model M2) was used w i t h  t h e  f luorometer  d u r i n g  quant-  

i t a t i v e  a n a l y s i s .  The e x c i t a t i o n  was set  a t  290 nm ( s l i t  9 nm) 

and t h e  emission a t  330 nm ( s l i t  18 nm);  a high-pass f i l t e r  

(310 nm) w a s  p laced  i n  t h e  emission beam. 

P r e p a r a t i v e  HPLC 

An Al tex  100 pump, f i t t e d  w i t h  a p r e p a r a t i v e  head (0-30 

m l l  min) ,  w a s  used w i t h  a Waters U6K loop i n j e c t o r ,  a 25 c m  x 1 

cm column of 5u LiChrosorb Si60,  and a Perkin-Elmer LC55 

a b s o r p t i o n  d e t e c t o r .  

METHODS 

E x t r a c t i o n  of L i p i d s  

Samples were mixed u n t i l  uniform. An a l i q u o t  (10 g)  w a s  

weighed and then w a s  placed f o r  10 minutes  i n  100 m l  b o i l i n g  

i sopropanol  i n  t h e  cup of t h e  V i r t i s  homogenizer. The d i g e s t  

w a s  homogenized f o r  1 minute. Acetone (50 ml) w a s  added and 

t h e  mixture  was f i l t e r e d  through g l a s s - f i b r e  paper (Whatman 

GF/A) i n t o  a 500 m l  s e p a r a t o r y  funnel .  

w i t h  a c e t o n e  (50 ml) and t h e  f i l t e r  paper and i t s  c o n t e n t s  were 

homogenized w i t h  another  p o r t i o n  of ace tone  (100 ml). The 

e x t r a c t  w a s  f i l t e r e d  as before  i n t o  t h e  s e p a r a t o r y  f u n n e l  and 

The r e s i d u e  w a s  e x t r a c t e d  
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330 THOMPSON AND HATINA 

t h e  r e s i d u e  w a s  washed w i t h  50 m l  acetone.  Hexane (100 ml) w a s  

added t o  t h e  pooled e x t r a c t s  and t h e  funnel  was swir led  t o  mix 

t h e  s o l v e n t s .  Water (100 ml) w a s  added, t h e  f l a s k  was swir led  

g e n t l y ,  and the  phases  were allowed t o  s e p a r a t e .  The hexane 

ep iphase  w a s  t r a n s f e r r e d  t o  a second funnel  and t h e  aqueous hypo- 

phase was e x t r a c t e d  twice wi th  100 m l  p o r t i o n s  of hexane. The 

pooled hexane e x t r a c t s  were washed twice w i t h  water  (100 ml) 

and then  evaporated under reduced pressure .  

S a p o n i f i c a t i o n  of I n f a n t  Formula Containing Tocopheryl Aceta te  

The formula w a s  mixed u n t i l  un i ford ;  concent ra ted  p r e p a r a t i o n s  

were d i l u t e d  w i t h  a n  equal  volume of water .  An a l i q u o t  (10 m l  

o r  10 g) was p laced  i n  a 125 m l  Erlenmeyer f l a s k  w i t h  25 ml e t h a n o l  

and 10  m l  e t h a n o l i c  p y r o g a l l o l .  An a i r  condensor, 16 cm long, w a s  

a t t a c h e d  and t h e  mixture  w a s  r e f l u x e d  f o r  3 minutes .  50% 

aqueous KOH (5  ml) w a s  then added slowly through t h e  condensor 

and r e f l u x i n g  w a s  cont inued f o r  5 minutes .  The f l a s k  was 

cooled i n  i c e  and t h e  c o n t e n t s  were t r a n s f e r r e d  t o  a 250 m l  

s e p a r a t o r y  funnel  u s i n g  30 m l  water as a r i n s e .  

d i l u t e d  s a p o n i f i c a t i o n  mixture  w a s  ex t raced  w i t h  two 50 m l  

p o r t i o n s  and one 100 m l  p o r t i o n  of d i e t h y l  e t h e r .  The e t h e r  

e x t r a c t s  were washed w i t h  water u n t i l  t h e  washings no longer  

turned phenolphtha le in  red.  The e t h e r  w a s  evaporated i n  a 

f l a s h  evapora tor  a lmost  (but  never  completely)  t o  dryness ,  

e t h a n o l  (20 ml) and hexane were added, and evapora t ion  w a s  

cont inued t o  remove t r a c e s  of water. 

reduced t o  approximately 1 m l ,  t h e  s o l u t i o n  was t r a n s f e r r e d  t o  

The cooled ,  

When t h e  volume w a s  aga in  
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TOCOLS IN FOODS AND TISSUES 331 

a 25 ml v o l u m e t r i c  f l a s k  which was t h e n  f i l l e d  t o  t h e  mark w i t h  

hexane. 

High Performance L iqu id  Chromatography 

The f l u o r o m e t e r  lamp w a s  i g n i t e d  and l e f t  f o r  20 m i n u t e s  

t o  s t a b i l i z e  b e f o r e  samples  were chromatographed. The f l o w  

r a t e  was 2 ml/min. During r o u t i n e  a n a l y s i s  t h e  s o l v e n t  system 

was 5% d i e t h y l  e t h e r  i n  moi s t  hexane. O the r  s o l v e n t  sys t ems  

were u t i l i z e d  o c c a s i o n a l l y  a s  i n d i c a t e d .  A m i x t u r e  of s t a n d a r d s  

(a-, a-, y- and & t o c o p h e r o l s )  was i n j e c t e d  a f t e r  eve ry  two 

samples .  The volume i n j e c t e d  was u s u a l l y  20  ~ 1 .  The r e s u l t s  

were c a l c u l a t e d  from t h e  peak areas u s i n g  f a c t o r s  d e r i v e d  by 

chromatography of s t a n d a r d s .  

RESULTS 

Development of HPLC S e p a r a t i o n  of Tocopherols  and T o c o t r i e n o l s  

The s e p a r a t i o n  of t o c o l s  i n  v a r i o u s  s o l v e n t  sys t ems  w a s  

i n v e s t i g a t e d  u s i n g  s o l u t i o n s  of a-, B-, y- and  & t o c o p h e r o l s .  

A s o l u t i o n  o f  b a r l e y  o i l  ( 0 . 5 % ) ,  which i s  a r i c h  s o u r c e  o f  a-, 

p- and y - t o c o t r i e n o l s  (9),  was used i n  c o n j u n c t i o n  w i t h  t h e  

t o c o p h e r o l  s t a n d a r d s  t o  deve lop  a system t h a t  would s e p a r a t e  

t h e  f o u r  t o c o p h e r o l s  and t h e  t h r e e  t o c o t r i e n o l s .  Good s e p a r a t i o n s  

were a c h i e v e d  on 51-1 LiChrosorb S i 6 0  i n  moist hexane c o n t a i n i n g  

e i t h e r  5% d i e t h y l  e t h e r  o r  0.2% i s o p r o p a n o l .  

I s o l a t i o n  of T o c o t r i e n o l s  Using P r e p a r a t i v e  HPLC. 

I n  o r d e r  t o  make q u a n t i t a t i v e  measurements of t h e  toco -  

t r i e n o l s  i t  w a s  n e c e s s a r y  t o  o b t a i n  p u r e  specimens f o r  u s e  as 

s t a n d a r d s .  These were o b t a i n e d  by p r e p a r a t i v e  HPLC of e x t r a c t s  
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332 THOMPSON AND HATINA 

of r u b b e r  l a t e x ,  a s o u r c e  of a- and y - t o c o t r i e n o l s  (lo), and 

wheat f l o u r ,  a s o u r c e  of a - t o c o t r i e n o l  ( 9 ) .  

L i p i d s  from t h r e e  10 ml a l i q u o t s  of r u b b e r  l a t e x  were 

e x t r a c t e d  as d e s c r i b e d  above. The e x t r a c t s  were e v a p o r a t e d  and 

s a p o n i f i e d  and t h e  u n s a p o n i f i a b l e  l i p i d  w a s  chromatographed i n  

two p o r t i o n s  on a 25 cm x 1 cm d i a m e t e r  column of 51-1 LiChrosorb 

S i60 .  The column was e l u t e d  w i t h  5% d i e t h y l  e t h e r  i n  m o i s t  

hexane (10 ml/min) and t h e  e l u a t e  was mon i to red  from t h e  

a b s o r p t i o n  a t  295 m. Two f r a c t i o n s ,  c o n t a i n i n g  a- and y- 

t o c o t r i e n o l s  r e s p e c t i v e l y ,  were c o l l e c t e d .  A t h i r d  f r a c t i o n ,  

cons ide red  t o  c o n t a i n  6 - t o c o t r i e n o l  ( l o ) ,  w a s  a l s o  i n v e s t i g a t e d ;  

however, as i t  w a s  contaminated w i t h  an  u n i d e n t i f i e d  non-f luor-  

e s c e n t  s u b s t a n c e  w i t h  s t r o n g  U . V .  a b s o r p t i o n ,  i t  was d i s c a r d e d .  

The pooled specimens of a- and y - t o c o t r i e n o l s  were rechromato-  

graphed t o  comple t e  t h e i r  p u r i f i c a t i o n .  A specimen of 6- 

t o c o t r i e n o l  w a s  o b t a i n e d  by a p p l y i n g  t h e  same procedure  t o  

whole wheat f l o u r .  

The s e p a r a t i o n  of t h e  seven  a v a i l a b l e  t o c o l s  ( i . e .  t h e  

t h r e e  t o c o t r i e n o l s  and f o u r  t o c o p h e r o l s )  by HPLC is shown i n  

F i g u r e  1 . 
P r o p e r t i e s  of T o c o t r i e n o l s  I s o l a t e d  from Rubber La tex  and Wheat 

The a b s o r p t i o n  s p e c t r a  of t h e  t o c o t r i e n o l s  were measured 

i n  a l c o h o l  and hexane. The peaks were a t  t h e  wave leng ths  

s p e c i f i e d  i n  t h e  l i t e r a t u r e  (11) and t h e  low a b s o r p t i o n  v a l u e s  

a t  t h e  minima at  260 nm i n d i c a t e d  t h a t  a b s o r b i n g  i m p u r i t i e s  

were u n l i k e l y  t o  be p r e s e n t  i n  s i g n i f i c a n t  q u a n t i t i e s .  The 
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I 

5 6  

5 .002 
$ .OOl 
m 

m a 

U 

5 10 15 
MINUTES 

F I G U R E  1. HPLC of standards on LiChrosorb Si60, 5Pin 5% diehtyl 
ether in hexane, 2 mllmin. Passes first through fluorescence de- 
tector (upper) set at 290 nm excitation 330 nm emission and second- 
ly through absorption detector (lower) set at 295 nm. 
follows: 1. a-tocopherol; 2 .  a-tocotrienol; 3 .  6-tocopherol; 
4 .  BHA; 5. y-tocopherol; 6. 6-tocotrienol; 7. y-tocotrienol; 
8 .  &-tocopherol. Sample injected: 20 $ of solution containing 
(per ml) 5 lg each tocol + 1 pg BHA. 

Peaks as 
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334 THOMPSON AND HATINA 

c o n c e n t r a t i o n s  of t h e  t o c o t r i e n o l s  could t h e r e f o r e  be c a l c u l a t e d  

from publ ished El’ v a l u e s  (11) , Fluorescence s p e c t r a  were 

next  recorded on s o l u t i o n s  i n  hexane and e t h a n o l ,  which conta ined  

according t o  c a l c u l a t i o n s  based on a b s o r b t i o n  measurements, 

5 ug t o c o t r i e n o l / m l .  Fluorescence s p e c t r a  were a l s o  recorded 

on s o l u t i o n s  of s i m i l a r  q u a n t i t i e s  of t h e  tocophero ls  and t h e  

i n t e n s i t i e s  a t  t h e  peaks w e r e  compared; t h e  r e s u l t s  i n d i c a t e d  

t h a t  t h e  f luorescence  i n t e n s i t y  of each t o c o t r i e n o l  w a s  i d e n t i c a l  

t o  t h a t  of t h e  corresponding tocophero l  (Table 1). This  suggested 

t h a t  t h e  response of t h e  f l u o r o m e t r i c  d e t e c t o r  ( i . e .  t h e  a r e a  

under t h e  peak) would be q u a n t i t a t i v e l y  s i m i l a r  f o r  t h e  tocophero ls  

and t o c o t r i e n o l s ;  t h i s  was confirmed by chromatographing equal  

lcm 

TABLE 1 

b Fluorescence I n t e n s i t y a  HPLC Peak Area 

Hexane Ethanol  

a-Tocopherol 100 146 
a-Tocot r ienol  100 154 

p-Tocopherol 79 214 
p-Tocotr ienol  75 206 

y-Tocopherol 100 224 
y-Tocotr ienol  95 225 

&-Tocopherol 1 7 1  2 01 

100 
97 

129 
1 2  7 

110 
108 

122 

aMeasured a t  peaks wi th  s l i ts  a t  5 nm on s o l u t i o n s  c o n t a i n i n g  5 ug 
tocol /ml ;  expressed r e l a t i v e  t o  a- tocopherol  i n  hexane. 

bArea under peak dur ing  HPLC i n  5% d i e t h y l  e t h e r  i n  hexane; 
expressed r e l a t i v e  t o  a- tocopherol .  E x c i t a t i o n  290 nm ( s l i t  9 
nm), emission 330 nm ( s l i t  18 nm) wi th  f i l t e r .  
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quantities (Table 1). Finally, the purity and identity of the 

isolated tocotrienols were confirmed by mass spectroscopy; the 

spectra were as described in the literature (12) and they were 

compatible with the calculated molecular weights (Table 2). 

Isolation and Identification of Plastochromanol-8 

In certain vegetable oils and plant extracts, a small peak 

was resolved from y-tocopherol in the isopropanol system but 

not in the diethyl ether system. A concentrate of this material 

was prepared from rapeseed oil by first removing fat by low- 

temperature crystallization in acetone, secondly preparing 

unsaponifiable lipids from the residue, thirdly removing 

sterols by crystallization from methanol, and finally performing 

HPLC on a 1 cm diameter column of LiChrosorb Si60. The isolated 

fraction contained a substance related to the tocols: the 

absorption maximum in hexane was at 297 nm and the ratio of the 

absorption to the fluorescence (which was determined by comparing 

the responses of the two types of detector during HPLC) was 

similar to that of y-tocopherol. The substance was further 

purified by thin layer chromatography in chloroform on silica 

gel. The main band, identified by the Emerie-Engel reaction, 

was eluted and the mass spectrum was determined. The molecular 

ion of 750.67 and details of the spectrum (Table 2) revealed 

that the substance was plastochromanol-8, which is structurally 

related to y-tocotrienol (12). Confirmation of the identity of 

the substance was obtained by comparison of its migration rate 

with those of the tocols during thin layer chromatography in 
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two s o l v e n t  systems:  chloroform and 20% i s o p r o p y l  e t h e r  i n  

pe t ro l eum e t h e r  ( 1 3 ) .  

A n a l y s i s  of Vege tab le  O i l s  and E x t r a c t s  of Foods 

The s e n s i t i v i t y  of t h e  f l u o r o m e t r i c  d e t e c t o r  depended 

upon t h e  wid th  of t h e  slits, t h e  a g e  of t h e  lamp and t h e  

performance of t h e  p h o t o m u l t i p l i e r  a m p l i f i e r .  These f a c t o r s  

t h u s  determined t h e  d e t e c t a b i l i t y  of t o c o l s .  When t h e  s l i t s  

were set  a t  9 nm f o r  e x c i t a t i o n  and 18  nm f o r  emis s ion ,  a 

measurable  peak was ob ta ined  w i t h  4 ng a - tocophero l  ( i . e .  20 p1 

of  a s o l u t i o n  c o n t a i n i n g  0.2 pg/ml) which was approx ima te ly  

doub le  t h e  h e i g h t  of  t h e  "noise" .  The s e n s i t i v i t y  of  t h e  

f l u o r o m e t r i c  d e t e c t o r  w i t h  t h e  t o c o l s  w a s  a least  t en - t imes  

s u p e r i o r  t o  t h a t  o f  t h e  v a r i a b l e  wavelength abso rbance  d e t e c t o r  

(F igu re  1). Up t o  2 mg o i l  cou ld  be i n j e c t e d  w i t h o u t  a f f e c t i n g  

t h e  q u a l i t y  of t h e  s e p a r a t i o n .  The f l u o r e s c e n c e  d e t e c t o r  w a s  

a l s o  more s e l e c t i v e  t h a n  t h e  abso rbance  d e t e c t o r  and i t  c o u l d  

be used t o  measure t o c o l s  i n  c r u d e  l i p i d  e x t r a c t s  ( F i g u r e  2 ) .  

The r e sponse  o b t a i n e d  w i t h  common v e g e t a b l e  o i l s  ( r apeseed ,  

soybean e t c )  was similar t o  t h a t  o b t a i n e d  w i t h  p u r i f i e d  s t a n d a r d s  

of t h e i r  cons t i t uen t  t o c o l s  excep t  t h a t  l a r g e  peaks were o b t a i n e d  

a t  t h e  " f r o n t "  of t h e  chromatography. Extracts of many foods  

and t i s s u e s  have been chromatographed and t h e  t o c o l s  w e r e  

r e a d i l y  i d e n t i f i e d  and measured i n  a l l  t h e  samples  ( F i g u r e  3 ) .  

So f a r ,  t h e  on ly  s u b s t a n c e s  i n  l i p i d  e x t r a c t s  which have been 

confirmed t o  produce peaks n e a r  t h o s e  of t h e  t o c o l s  are p l a s t o -  

chromanol-8 and t h e  a n t i o x i d a n t ,  BHA ( F i g u r e s  1 and 2 ) .  
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FIGURE 2. 
ml) passed through fluorescence detector (upper) and secondly 
through adsorption detector (centre). 
tract (5g dinnerlml) using absorption detector (lower). 
tem and identification of peaks as in Figure 1. 

HPLC of extract of TV dinner (equivalent to 1 g dinner/ 

HPLC of concentration ex- 
HPLC sys- 
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FIGURE 3. HPLC of lipids from (a) stone ground wheat flour (ex- 
tract 0.5 g flour/ml) (b) barley (extract 2.5 g grain/ml); (c) 
soybean oil (10 mg oil/ml); and (d) milk (extract from 5 ml/ml) . 

Quantitative Analysis of Foods 

Foods were analysed for individual tocols by extraction 

of lipids and chromatography of the crude lipid extracts 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



340 THOMPSON AND HATINA 

S tanda rds  of a-, €3- and y - tocophero l  were chromatographed a f t e r  

eve ry  two samples t o  c o r r e c t  f o r  changes i n  t h e  r e sponse  of  t h e  

f l u o r o m e t r i c  d e t e c t o r  which dropped s t e a d i l y  from t h e  maximum 

v a l u e  ob ta ined  each day when t h e  lamp w a s  f i r s t  i g n i t e d .  The 

q u a n t i t i e s  of t o c o t r i e n o l  were c a l c u l a t e d  from t h e  areas unde r  

t h e  peaks u s i n g  t h e  f a c t o r s  o b t a i n e d  from t h e  s t a n d a r d s  of  

co r re spond ing  tocophero l s .  Once t h e  r a t i o s  of  t h e  r e s p o n s e s  of  

t h e  d i f f e r e n t  t o c o l s  had been o b t a i n e d  (Table  l), r o u t i n e  

a n a l y s i s  could be speeded by u s i n g  a s t a n d a r d  of on ly  a- 

t ocophe ro l .  The e f f i c i e n c y  of  t h e  e x t r a c t i o n  p rocedure  w a s  

t e s t e d  d u r i n g  t h e  a n a l y s i s  of s p i n a c h  by r e e x t r a c t i n g  t h e  s o l i d  

r e s i d u e  and f i l t e r  pape r  and performing a second a n a l y s i s .  The 

second e x t r a c t  c o n t a i n e d  l e s s  t h a n  1% of t h e  a- and Y-tocopherols  

found i n  t h e  f i r s t  a n a l y s i s .  In a similar test w i t h  wheat 

f l o u r ,  t h e  second e x t r a c t  c o n t a i n e d  2 . 5 %  of t h e  a - tocophero l .  

Thus i t  was concluded t h a t ,  even w i t h  g r a i n s ,  t h e  e f f i c i e n c y  of  

e x t r a c t i o n  was b e t t e r  t han  97%. 

The r e s u l t s  of t y p i c a l  a n a l y s e s  a r e  g i v e n  i n  Tab le  3. The 

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

l e v e l s  of t o c o l s  i n  t h e  i n g r e d i e n t s  whereas a n a l y s i s  a f t e r  

s a p o n i f i c a t i o n  measured a l s o  t h e  added a - tocophery l  a c e t a t e .  

The d i f f e r n c e  w a s  11 .5  ug a - t o c o p h e r o l l g  which was e q u i v a l e n t  

t o  1.56 I U  d-a-tocopherol/ lOO g o r  1 . 2 7  I U  dl-a- tocopherol / lOO 

g. The l a b e l  c la imed 1 . 2  I U  dl-a- tocopherol / lOO m l .  The 

s t a n d a r d  d e v i a t i o n s  of r e p l i c a t e  a n a l y s i s  of i n f a n t  fo rmula ,  

s p i n a c h  and beef (Table  3) g i v e  a n  i n d i c a t i o n  of t h e  reproduc-  
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THOMPSON AND HATINA 342 

i b i l i t y  of t h e  p rocedure .  

t h e  r e sponse  of t h e  d e t e c t o r  t o  a v a r i e t y  of samples i s  shown 

i n  F i g u r e  3. 

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

DISCUSSION 

S e v e r a l  r e p o r t s  d e s c r i b e  t h e  a n a l y s i s  of c o n c e n t r a t e s  (6 ) ,  

g r a i n s  (3),  and serum (7,8) f o r  v i t a m i n  E u s i n g  HPLC and a n  

abso rbance  d e t e c t o r .  Only one system, however, was a p p l i e d  t o  

t h e  s e p a r a t i o n  of t o c o p h e r o l s  and t o c o t r i e n o l s  (3) and i t  

invo lved  a run of 1 1 2  minutes  on a 2m column. The u s e  of a 

f l u o r o m e t r i c  d e t e c t o r  t o  d e t e c t  t o c o p h e r o l s  d u r i n g  column 

chromatography w a s  f i r s t  r e p o r t e d  f o r  a low p r e s s u r e  chromato- 

graphy on hydroxyalkoxypropyl Sephadex (14 ) .  F luo romet r i c  

d e t e c t o r s  have s i n c e  been used w i t h  modern HPLC systems t o  

measure tocophero l s  i n  v e g e t a b l e  o i l s  ( 2 , 4 )  and b r a i n  t i s s u e  

(5) * 

The p r e s e n t  p rocedure ,  which w a s  developed from ear l ie r  

work w i t h  columns of l i p o p h i l i c  Sephadex ( 1 4 ) ,  r e p r e s e n t s  a n  

e x t e n s i o n  and r e f inemen t  of t h e  l e s s  s e n s i t i v e  method d e s c r i b e d  

by van Niekerk ( 2 )  f o r  p l a n t s  o i l s .  I t  i s  r a p i d  and i t  c a n  be  

used t o  measure i n d i v i d u a l  t o c o p h e r o l s  and t o c o t r i e n o l s  i n  

serum, t i s s u e s  and foods  i n c l u d i n g  complete  meals .  A s  t h e  HPLC 

method i s  s imple  t o  perform and i n v o l v e s  no p r e l i m i n a r y  s t e p s  

of p u r i f i c a t i o n ,  i t  is s u p e r i o r  i n  speed and r e l i a b i l i t y  t o  

o l d e r  methods i n v o l v i n g  GLC or  TLC. Moreover, it can b e  unde r t aken  

on a p r e p a r a t i v e  scale. It is ,  t h e r e f o r e ,  a n  i d e a l  method f o r  

t h e  measurement and i s o l a t i o n  of t o c o l s  i n  n u t r i t i o n a l  and 

b iochemica l  r e s e a r c h .  
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