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ABSTRACT 

The unsaponifiables separated from 20 
vegetable oils were divided into sterol and 
three other (less polar compound,  triter- 
pene alcohol, and 4-methylsterol) frac- 
tions by preparative thin layer chroma- 
tography. The amounts of the sterol frac- 
tions were more than ca. 30% in the un- 
saponifiables from all of  the oils, except 
tohaku, pumpkin seed, and fagara seed 
oils. Composition of the sterol fractions 
were determined by gas liquid chromatog- 
raphy.  Individual components  of the 
sterol fractions were identified by gas 
liquid chromatography and combined gas 
liquid chromatography-mass spectrome- 
try. /3-Sitosterol was found as the most 
predominant  component  in the sterol 
fractions from all oils, except  two, i.e. the 
sterol fraction from pumpkin seed oil 
contained no detectable amount  of  (3- 
sitosterol and the sterol fraction from 
a k a m e g a s h i w a  o i l  c o n t a i n e d  A S .  
avenasterol as the most abundant  compo- 
n e n t .  Campesterol ,  stigmasterol, AS- 
avenasterol ,  A~-stigmastenol, and AT- 
avenasterol and also trace amounts (at the 
very least) of cholesterol and brassicaster ~ 
ol were found in most of the oils ana- 
lyzed. It may be noted that  a large 
amount (ca. 9%) of cholesterol was de- 
tected in the sterol fraction from capsi- 
c u m  seed oil. The presence of  24- 
methylenecholesterol and AS-avenasterol 
in the sterol fraction of akamegashiwa oil 
w a s  demonstrated by isolation of these 
sterols. 

I N T R O D U C T I O N  

It was reported in the previous article (1) 
that cholesterol, brassicasterol, AS-avenasterol, 
A7-avenasterol, and AT-stigmastenol, in addi- 
t i o n  to  campesterol ,  stigmasterol, and /3- 
sitosterol, are widespread in 19 vegetable oils. In 
a subsequent s tudy (2) on the sterol fractions 
from Theaceae (Camellia japonica L., Camellia 
Sasanqua Thumb. and Thea sinensis L.), alfalfa, 
garden balsam and spinach seed oils, and shea 
butter,  it  was found, however, that the sterol 
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fractions of these oils consisted almost ex- 
clusively of AT-sterols, i.e. a-spinasterol and 
AT-stigmastenoI, as predominant  components  
t o g e t h e r  w i t h  A T - a v e n a s t e r o l  and 24- 
methylcholest-7-enol. 

Our interest in ascertaining whether there 
exists any consistent relationship between the 
sterol composit ion and the taxonomical  ar- 
rangement of plants has led us to a more exten- 
sive study of the sterol fractions from various 
kinds of vegetable oils. In this study, the un- 
saponifiables of 20 vegetable oils, hitherto little 
investigated, were separated into four fractions 
by  preparat ive  thin layer chromatography 
(TLC), and the sterol fractions were analyzed 
by gas liquid chromatography (GLC) and gas 
l i q u i d  c h r o m a t o g r a p h y - m a s s  spectrometry 
(GLC-MS). AS-Avenasterol and 24-methylene- 
cholesterol from akamegashiwa oil were sepa- 
rated and identif ied by GLC-MS and IR and 
NMR spectroscopy. 

EXPERIMENTAL PROCEDURES 

Materials 

Nine oils, i.e. pecan nut, cashew nut, pis- 
tachio nut,  pine nut,  almond nut,  akamega- 
shiwa (Mallotus japonicus Muell. A rg . ) s e e d ,  
capsicum seed, pumpkin seed, and fagara seed 
oils, were prepared from the corresponding 
dried nuts and seeds by Soxhlet extraction 
using methylene chloride, with the exception of 
ether extracted akamegashiwa oil. The oil con- 
tents of these dried nuts and seeds, as well as 
saponification and iodine values, and the un- 
saponifiable contents of these oils are indicated 
in Table I. Eleven oils were prepared commer- 
cially: walnut, tohaku (Benzoin obtusilobum O. 
Kuntze), chaulmoogra, perilla, tung, hemp seed, 
mustard and poppy seed oils, sal fat, illipd 
butter  and Japan wax. 

A specimen of pure cholesterol and a sterol 
fraction consisting of campesterol,  stigmasterol, 
and /3-sitosterol were supplied by Riken Vita- 
min Oil Co. (Tokyo,  Japan). Specimens of 
cx-spinasterol and A7-stigmastenol were isolated 
from tea seed oil (2). Four fractions, containing 
brassicasterol, As_ and AT-avenasterol, and 
24-methylcholes t -7-enol  as their respective 
main components,  were prepared from rape- 
seed, castor, safflower, and spinach seed oils, 
respectively. These specimens were used as ref- 
erence substances for the determination of the 
relative retention time (RRT) of the respective 
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STEROLS OF VEGETABLE OILS 

TABLE II 

Relative Retention Time of Sterols Occurring in Twenty Vegetable Oils 

923 

Position of Other structural 
Sterol double bond characteristics RRT a 

Cholesterol 5 -- 0.6 l 
Brassicasterol 5, 22 24R-CH 3 0.70 
Campesterol $ 24R-CH 3 0.81 
24-Methylenecholest erol 5, 24(28) 24-CH 2 0.82 
Stigmasterol 5, 22 24S-C2H 5 0.88 
24-Methylcholest-7-enol 7 24-CH 3 0.95 
/3-Sitosterol 5 24R-C2H 5 1.00 
a-Spinasterol 7, 22 24S-C2H 5 1.03 
A 5-Avenasterol 5, 24(28) 24Z-C2H 4 1.12 
AT-Stigmastenol 7 24R-C2H 5 1.18 
A 7-Avenasterol 7, 24(28) 24Z-C2H 4 1.32 

aRelative retention time (RRT) in Table II and III is expressed by the ratio of the reten- 
tion time for the substance under examination to the retention time (30 min) for/~-sitosterol. 

sterols and for the identification of the sterols 
occurring in the oils examined in this work. 
Table II shows RRT of the sterols determined 
under the GLC conditions used in this work. 
An authentic specimen of fucosterol used as a 
reference substance in NMR measurements of 
sterol components of akamegashiwa oil was 
supplied by N. Ikekawa, Laboratory of Chemis- 
try for Natural Products, Tokyo Institute of 
Technology. 

Saponification 

Oil (30 g) in 300 ml alcoholic 1.0 N potas- 
sium hydroxide was reftuxed for 1 hr under 
nitrogen. The reaction mixture was diluted with 
600 ml water, and the unsaponifiable material 
was extracted with one 300 ml portion and 
three 200 ml portions of isopropyl ether (IPE). 
The combined IPE extract was washed first 
with 300 ml 0.5 N aqueous solution of potas- 
sium hydroxide followed by 5 washings with 
200 ml portions of water and dried over an- 
hydrous sodium sulfate, and the IPE was re- 
moved by evaporation. The content of un- 
saponifiables in oil was expressed by wt per- 
cent. 

Preparative TLC 

Preparative TLC was performed as described 
p r e v i o u s l y  (1 ) .  U n s a p o n i f i a b l e  material 
(30 mg/plate) was applied uniformly along a 
line 1.5 cm from 1 edge of a 20 x 20 cm pla te  
coated with a 0.5 mm layer of  Wakogel B-10 
(Wako Pure Chemical Industries, Osaka, Japan) 
and developed with hexane-ether (7.5:2.5) for 
1 hr using a Toyo continuous flow development 
preparative TLC. After developing, the plate 
was sprayed with a rhodamine-6G solution in 
ethanol and observed under UV light (3600 A) 
for marking the separated zones. Four sepa- 

rated zones, containing less polar compounds, 
triterpene alcohols, 4-methylsterols, and sterols, 
respectively, were cut off  and thoroughly ex- 
tracted with ether. After evaporation of the 
ether, the dried extracts were weighed for the 
quantification of individual fractions in un- 
saponfiables. The sterol fraction was purified 
further by repeated preparative TLC for subse- 
quent GLC analysis. 

Preparative Argentation TLC 

TLC plates ( 2 0 x  20cm)  coated with a 
0.5 mm layer of  10% silver nitrate impregnated 
Wakogel B-O (Wako Pure Chemical Industries) 
were used for a further fractionation of sterol 
mixtures in the form of their acetates. The ace- 
tates were prepared by acetylation of free 
sterols (10 mg) in acetic anhydride (0.5 ml) and 
pyridine (0.5 ml) overnight at room tempera- 
ture. Developing of the acetates on TLC plates 
was conducted with hexane-benzene (6:4) for 
40 rain. 

GI.C 

GLC of sterol fractions was performed, as 
mentioned previous (1). An OV-17 column 
(1.5%) was used for these analyses. RRT is ex- 
pressed by the ratio of  the retention time for 
the substance under examination to the reten- 
tion time (30 min) for ~-sitosterol. 

GLC-MS 

Analyses were performed, as described pre- 
viously (1), on a Shimadzu LKB-9000 gas 
chromatograph-mass spectrometer (Shimadzu 
S e i s a k u s h o ,  K y o t o ,  J a p a n ) .  An  OV-17  
column (1.5%) was used for GLC. Operating 
conditions were: column, 246 C; helium carrier 
gas, 30 ml/min; molecular separator, 290 C; ion 
source, 310C;  ionizing voltage, 7 0 e V ,  trap 
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TABLE II1 

Composit ion (%) of  Sterol Fractions of Twenty Vegetable Oils Determined by 
Gas Liquid Chromatography 

Percent composi t ion 

Relative retention time i II Ill IV V Vl VII VIII 
of  individual sterol a 0.61 0.70 0.81 0.88 1.00 1.12 1.18 1.32 Others 

Wain ut oil 1 tr b 4 tr 91 4 tr tr 
Pecan nut  oil tr 4 2 80 12 I l 
Cashew nut oil 1 8 tr 82 9 tr tr 
Pistachio nut  oil tr 6 2 83 8 1 tr 
Japan wax tr tr 12 I 85 2 tr tr 
Pine nut  oil tr I0 tr 61 28 I tr 
Almond  nut  oil tr 4 3 77 12 2 2 
Sal fat tr tr 24 15 56 5 tr tr 
Tohaku oil tr 7 I 90 2 tr tr 
Chaulmoogra oil tr tr 18 17 58 7 tr tr 
Pcrilla oil 1 tr 28 9 49 1 l 2 tr 
Tung oil tr tr 5 ! 3 77 2 2 I 
Aka megashiwa oil tr tr 35 c 6 20 36 3 
Hemp seed oil tr tr 21 18 S4 3 3 1 
Mustard oil tr I ! 30 c tr 57 1 1 tr 
lllip~ butter  tr tr 16 7 70 6 1 tr 
Poppy seed oil tr tr 22 3 68 2 2 3 
Pumpkin seed oil tr tr 6 2 28 d 12 52 e 
Capsicum seed oil 9 1 17 c i 3 45 14 I tr 
Fagara seed oil I 24 I 67 6 I tr 

al = cholesterol, II = brassicasterol, Ill = campesterol,  IV : stigmasterol,  V :/3-sitosterol, VI : A5-avenasterol, 
VII : A7-stigmastenol,  and VIII : A7-avenasterol. 

btr : trace, less than 0.5%. 
CMixture of  campesterol  and 24-methylenecholesterol .  
dMixture of  AT-stigmastenol and unknown sterol. 
e24-methylcholest-7-enol (RRT 0.95), 3%; o~-spinasterol (RRT 1.03), 39%; and unknown (RRT 1.09), 10%. 

c u r r e n t ,  6 0 / R A ;  a n d  a c c e l e r a t e d  h igh  v o l t a g e ,  
3 5 0 0  V. 

N M R  s p e c t r a  w e r e  m e a s u r e d  w i t h  a 
J N M - C - 6 0  H L  ( 6 0  MHz,  J a p a n  E l e c t r o n  O p t i c s  
l a b o r a t o r y  C o ,  T o k y o ,  J a p a n ) ,  in d e u t e r o -  
c h l o r o f o r m .  T h e  IR  s p e c t r a  were  t a k e n  in K B r  
t a b l e t s  on  a t y p e  I R A - 2  d i f f r a c t i o n  g r a t i n g  IR  
s p e c t r o p h o t o m e t e r  ( J a p a n  S p e c t r o s c o p i c  Co . ,  
T o k y o ,  J a p a n ) .  UV s p e c t r a  were  t a k e n  in 
e t h a n o l  ( s p e c t r o  g r a d e )  on  a H i t a c h i  124  t y p e  
s p e c t r o p h o t o m e t e r  ( H i t a c h i  Co . ,  T o k y o ,  
J a p a n ) .  All  m p  were  d e t e r m i n e d  o n  a m i c r o  
m e l t i n g  p o i n t  a p p a r a t u s  ( Y a n a g i m o t o  Seisa-  
k u s h o ,  K y o t o ,  J a p a n ) .  

R ESU LTS 

Unsaponifiables 

T h e  u n s a p o n i f i a b l e s  were  s e p a r a t e d  by  pre-  
pa r a t i ve  T L C  in t h e  s a m e  m a n n e r  as d e s c r i b e d  
in t h e  p r e v i o u s  a r t i c le  ( 1 )  i n t o  f o u r  f r a c t i o n s :  
less  p o l a r  c o m p o u n d s  ( h y d r o c a r b o n s ,  e t c . ,  f rac-  
t i o n  1), t r i t e r p e n e  a l c o h o l s  ( f r a c t i o n 2 ) ,  4-  
m e t h y l s t e r o l s  ( f r a c t i o n  3),  a n d  s t e r o l s  ( f rac-  
t i on  4).  F r a c t i o n  1 was  c l o se s t  to  t h e  s o l v e n t  
f r on t  a n d  f r a c t i o n  4 to  t h e  s t a r t  l ine ,  as s h o w n  
ha Tab l e  1. 

Re la t ive  p r o p o r t i o n s  o f  f o u r  f r a c t i o n s  were  

e s t i m a t e d  u n d e r  an  a s s u m p t i o n  t h a t  t h e  
m a t e r i a l  losses  c a u s e d  by p r e p a r a t i v e  T L C  pro-  
c e d u r e s  were  r a n d o m  for  all c o m p o n e n t s  w i t h -  
o u t  spec i f i c  losses  fo r  d i f f e r e n t  c o m p o n e n t s .  

F r a c t i o n  4 f o l l o w e d  by f r a c t i o n  l was  t h e  
m a j o r  f r a c t i o n ,  whi le  f r a c t i o n s  2 a n d  3 were  
m i n o r  f r a c t i o n s  a c c o u n t i n g  for  ca. 10% o f  t h e  
u n s a p o n i f i a b l e s  fo r  m o s t  o f  t h e  oi ls  w i t h  a f ew  

e x c e p t i o n s .  A l m o n t  n u t ,  p e c a n  n u t ,  t o h a k u ,  
p u m p k i n  s eed ,  a n d  fagara  s e e d  oils are  d i s t in -  
g u i s h e d  f r o m  o t h e r  oi ls  by  a large  p r o p o r t i o n  o f  

f r a c t i o n  I. C a p s i c u m  s e e d  oil  a l so  is eas i ly  dis- 
t i n g u i s h a b l e  f r o m  o t h e r  oi ls  by  t h e  p r e p o n d e r -  
a n c e  o f  f r a c t i o n  2 (46%) .  

Sterols 

Tab le  I l l  s h o w s  a p p r o x i m a t e  c o m p o s i t i o n s  
o f  t he  s t e ro l  f r a c t i o n s  o f  20 v e g e t a b l e  oi ls  d e t e r -  

m i n e d  by  G L C .  E s t i m a t i o n s  o f  t h e s e  a p p r o x i -  
m a t e  c o m p o s i t i o n s  are  b a s e d  u p o n  a rea  p e r c e n t  
va l ue s  o b t a i n e d  f r o m  G L C  p e a k s  u s i n g  t h e  tr i-  

a n g u l a t i o n  m e t h o d .  D i f f e r e n c e s  in G L C  re- 
s p o n s e ,  i f  a n y ,  fo r  d i f f e r e n t  s t e r o l s  a re  dis-  
r e g a r d e d .  H e n c e ,  t h e  da t a  r e c o r d e d  in T a b l e  l I l  
m a y  n o t  be p rec i se  b u t  p rov ide  a m e a s u r e  s u f f i -  
c ien t  e n o u g h  to  k n o w  re la t ive  p r o p o r t i o n s  o f  
c o m p o n e n t  s t e r o l s .  T h e  s t e ro l  f r a c t i o n s  in m o s t  
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of the oils consisted mainly of campesterol 
(III),  stigmasterol (IV), /3-sitosterol (V), and 
AS-avenasterol (VI), am6ng which /3-sitosterol 
was most predominant ,  accompanied with trace 
or minute amounts of cholesterol (I), brassi- 
casterol (II), AT-stigmastenol (VII), and AT_ 
avenasterol (VIII). The fractions from akamega- 
shiwa and pine nut  oils contain relatively larger 
amounts of AS-avenasterol than do the frac- 
tions from other oils. The sterol fraction from 
pumpkin seed oil is characterized by containing 
AT-sterols,  such as 0t-spinasterol and AT_ 
s t i g m a s t e n o l ,  as predominant  components.  
Identification of individual sterols was carried 
out in the following manner. 

Brass icas te ro l ,  campesterol,  stigmasterol, 
3-sitosterol, and A7-avenasterol were identif ied 
by comparing their RRT with those of the 
reference specimens by GLC. 

Cholesterol in capsicum oil: The sterol-I 
(RRT 0.61) which accounted for as much as 9% 
of the sterol fraction of capsicum oil was ana- 
lyzed by GLC-MS. Its fragmentation pattern 
obtained agreed with that of a reference speci- 
men of cholesterol and also that  reported by 
Knights (3), molecular ion (M +) at m/e 386 
(calculated for C27H460,  MW 386) with other 
principal ions at m/e 371 ,368 ,  353, 301 ,275 ,  
273, and 247. Hence, the sterol-I in capsicum 
oil is identified as cholesterol. 

24-Methylcholest-7-enol in pumpkin seed 
oil: 24-Methylcholest-7-enol, a-spinasterol, and 
AT-stigmastenol in pumpkin seed oil were iden- 
tified by GLC-MS. The sterol with RRT 0.95 
(footnote  e, Table III) gave M + at m/e 400 (cal- 
culated for C28 H48 O, MW 400) with other ions 
at m/e 385, 382, 367, 273, 255, 246, 229, and 
213. 

These fragmentations agree with those given 
for A7-sterols by Knights (3) and are basically 
similar to those of 24-methylcholest-7-enol in 
spinach seed oil recently reported by Itoh, et al. 
(2). Consequently, the sterol with RRT 0.95 
reasonably is identified as 24-methylcholest-7- 
enol. 

ot-Spinasterol in pumpkin seed oil: The mass 
spectrum of the sterol with RRT 1.03 (foot- 
note e, Table III) in pumpkin seed oil showed 
M + at m/e 412 (calculated for C29H48 O, MW 
412) with other abundant ions at m/e 397 ,394 ,  
379, 369, 351, 273, 271, 255, 246, 231, 229, 
and 213. The fragmentation giving the ions at 
m/e 369 (M - C3H7) and 351 (M - C3H 7 - H20  ) 
was suggested by Knights (3) to involve the iso- 
propyl group at the end of the side chain and 
appears to be characteristic for AT-sterols. The 
fragmentation pattern of the sterol with RRT 
1.03 was found to be basically similar to that of 
authentic a-spinasterol. Hence, this sterol is 

recognized as c~-spinasterol. 
AT-Stigrnastenol in pumpkin seed oil: The 

mass spectrum of  the sterol-VII (RRT 1.18) in 
pumpkin seed oil showed two molecular ions at 
m/e 414 and 412 accompanied with the ions 
c o r r e s p o n d i n g  to M - C H 3 ,  M - H 2 0 ,  and 
M -  CH 3 - H 2 0 ,  respectively. Hence, the GLC 
peak with RRT 1.18 is considered to consist of 
two sterols, one of which (M +, m/e 414) is con- 
sidered to be AT-stigmastenol (RRT 1.18), 
while the other one (M +, m/e 412) is presum- 
ably a C29-sterol with two double bonds in the 
molecule. An unknown sterol with RRT 1.09 
also was found in the sterol fraction of pump- 
kin seed oil by GLC. Identification of these un- 
known sterols is still in progress. 

24-Methylenecholesterol isolated from aka- 
megashiwa oil: The sterol-III (RRT 0.82) in the 
sterol fraction from akamegashiwa oil gave two 
molecular ions at m/e 400 and 398 by GLC-MS, 
indicating that it is a mixture of  two sterols, 
one (M +, m/e 400, C28H480 ) of which is pre- 
sumed to be campesterol (MW 400). The 
other one (M +, m/e 398, C28H460 ) was iso- 
lated and identified as 24-methylenecholesterol,  
as described below. 

The sterol fraction (540 mg), separated by 
preparative TLC from the unsaponfiable matter 
(1200 mg) of  akamegashiwa oil (200g) ,  was 
acetylated. The acetate was separated into three 
zones by preparative argentation TLC. Re- 
crystallization from acetone-methanol (1:1) 
followed by repeated preparative argentation 
TLC of the zone closest to the start line gave a 
sterol acetate in the form of fine plates: 62 mg; 
R R T  1 .10 ;  G L C  purity,  91%; and mp, 
136-137 C. Free sterol (38 mg) derived from 
t h e  a c e t a t e  showed RRT 0.82 and mp 
144-145 C. IR spectrum of the acetate gave the 
bands at 1730, 1248 and 1038 cm -1 ( - O A c ) ,  
1668, 842, 830, and 802 cm -1 (tr isubsti tuted 
olefin) (4-6), 1370 cm -1 (geminal dimethyl)  
and 3080 and 1640 cm -1 (terminal methylene).  
NMR spectrum of the free sterol showed 
methyl signals at 0.70 (C-18 methyl) and 1.02 
(C-19 methyl),  giving the same values of chemi- 
cal shift as those of the corresponding signals 
observed for cholesterol (6). The doublet  at 
1.03 ppm (J = 7.2 Hz) is probably due to C-26 
and C-27 dimethyl p~otons affected by C-24 
terminal methylene group, since this doublet  
has been observed also in the spectra of 4- 
methylsterols and triperpene alcohols contain- 
ing C-24 terminal methylene group, such as 
g r a m i s t e r o l  ( 2 4 - m e t h y l e n e l o p h e n o l )  (4), 
c y c l o e u c a l e n o l  ( 7 ) ,  a n d  24 -me thy l ene -  
c y c l o a r t a n o l  (8). Multiplets at 3.37-3.69 
(C-3a H), 5.25-5.41 (C-6 H) and 4.71 ppm (ter- 
minal methylene protons) also appeared in the 
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NMR spectrum. Mass spectrum of the free 
sterol showed M + at m/e 398 (calculated for 
C28H460 , MW 398) with other principal ions 
at m/e 383, 380, 365,314,  313,296,  281,273,  
and 271. The presence of the ions at m/e 314 
(M-C6H12) ,  296 ( M - C 6 H 1 2 -  H20) ,  281 
(M - C 6 H 1 2 - H 2 0 - C H  3) suggests that the 
sterol has a AS-bond with C-24 terminal 
methylene group (1,2,9). The fragmentation 
pattern of the mass spectrum is basically similar 
to that  of 24-methylenecholesterol reported by 
Knights (3). Hence, this sterol is identified rea- 
sonably as 24-methylenecholesterol.  

Under the GLC conditions in this work, 
the peaks of campesterol (RRT 0.81) and 
24-methylenecholesterol (RRT 0.82) could not  
be resolved. Hence, the fractions corresponding 
to the peak III of 9 oils, i.e. pine nut oil, sal fat, 
chaulmoogra oil, perilla oil, hemp seed oil, mus- 
tard oil, illipd butter,  capsicum seed oil, and 
fagara seed oil, in addit ion to akamegashiwa oil 
described above, were analyzed by GLC-MS 
with the results that  the presence of 24- 
methylenecholesterol  in mustard and capsicum 
seed oils was indicated with certainty.  

A S-A venasterol isolated from akamegashiwa 
oil: The middle zone obtained by the foregoing 
argentation TLC of the sterol acetate fraction 
was subjected to repeated argentation TLC to 
give a sterol acetate (RRT 1.48). The acetate 
(75 mg) recrystallized from acetone-methanol 
(1:1) showed mp 136-137 C and GLC purity 
92%. The free sterol (41 mg RRT 1.12) ob- 
tained by hydrolysis of  the purified acetate 
showed mp 139-140 C. IR spectrum of the ace- 
tate gave the bands at 1730,1250, and 1038 
cm -1 ( - O A c )  and at 1370 cm -1 (geminal di- 
methyl)  (4,7,10). Absorptions at 812 and 802 
cm -1 are at tr ibutable to tr isubsti tuted olefin 
(11). NMR spectrum of  the free sterol showed 
the singlets at 0.70 (C-18 methyl)  and 1.02 
(C-19 methyl)  ppm, giving the same values of 
chemical shift as those of the signals of choles- 
terol and other AS-sterols (6). Doublets at 0.98 
(J = 6.0 Hz, C-26, and C-27 dimethyl)  and 1.58 
ppm (J = 6.0 Hz, C-29 methyl)  (12) and quartet  
centered at 5.11 ppm (J = 7.2 Hz, C-28 proton)  
(12) also were observed. A heptet  centered at 
2.85 ppm (J = 7.2 Hz), due to the C-25 proton 
affected by C-29 methyl group, was observed. 
Bates, et al., (13) reported that  the heptet  
could be observed at 2.8 + 0.1 ppm for 24Z- 
ethylidene sterols, i.e. AS-avenasterol, and at 
2.2 + 0.1 ppm for 24E-ethylidene sterols, i.e. 
fucosterol. The NMR spectrum measured in this 
l a b o r a t o r y  for an authentic specimen of 
fucosterol gave the heptet  centered at 2.23 
ppm. Accordingly, the sterol isolated from aka- 
megashiwa oil must have 24Z-ethylidene group. 
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Mass spectrum of  the free sterol gave M + at m/e 
412 (calculated for C29H480 , MW 412) with 
other ions at m/e 397, 394, 3 7 9 , 3 1 4 , 2 9 6 , 2 8 1 ,  
273, and 271. The strong ions at m/e 314 
(M - C 7 H 1 4 ) ,  296 (M-C7H14  - H 2 0 ) ,  281 
(M - C7H14 - H20  - CH 3) can be derived by 
McLafferty rearrangement and indicate the 
presence of A24(28)-bond in the molecule 
(11,14). Based upon the spectral data described 
above, the sterol from akamegashiwa oil is iden- 
tified as AS-avenasterol. 

DI SC USSI ON 

It is seen by reference to Table III that the 
sterol fractions of all oils except  pumpkin seed 
oil consist mainly of AS-sterols while AT-sterols 
are present only in small proport ions at the 
most. The sterol fraction from pumpkin seed 
oil is the one exception and consists mainly of 
A 7 - s t e r o l s  w i t h  sma l l  p r o p o r t i o n s  o f  As_  
sterols. On the basis of the results of this and 
previous studies in this laboratory,  the sterol 
fractions of higher plant oils may be classified 
broadly into two categories based upon the pro- 
portion of AS-sterols to AT-sterols in the sterol 
fractions The sterol fractions of one category 
contain AS-sterols in larger propor t ion than 
AT-sterols, whereas the sterol fractions of the 
other category contain AT-sterols in larger pro- 
port ion than AS-sterols. This classification, 
however, may not  correlated with the taxo- 
nomical arrangement of plant family. Moreover, 
it does not  always follow that  the plants of one 
and the same family are alike in their sterol 
pattern. Thus, the sterol fractions from soybean 
and peanut (Leguminosae) are of the AS-sterol 
type (1), while the sterol fraction from alfalfa 
(Leguminosae) is of the AT-sterol type (2). The 
Compositae may be regarded as another in- 
stance of plant family in which plants with the 
sterol fraction of AS-sterol type and also plants 
with the sterol fraction of  AT-sterol type are 
included. The sterol fractions of sunflower and 
safflower oils are of AS-sterol type,  whereas the 
sterol fraction from Vernonia anthelrnintica 
seeds contains two major components ,  an un- 
usual sterol A 8,14,24(28)-stigmastatrienol and 
A7-avenasterol, accounting for over 90% of the 
total  with smaller amounts of  other sterols, in- 
cluding AS-sterols (15-17). 

It is known that  cholesterol occurs in the 
sterol fraction of  many vegetable oils, generally 
in extremely minor proport ions or in a few per- 
cent at the most, although the sterol fractions 
from several species of Cruciferae plants were 
reported to contain exceptional ly high propor-  
tions, 15% at their highest in the case of 
Cheiranthus Chiri L., of cholesterol (18-19). 
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The  present  s t udy  on  the  s terol  f r ac t ion  f rom 
the  seed oil  of  caps icum,  a Solanaceae p lan t ,  2. 
revealed t h a t  i t  c o n t a i n e d  as m u c h  as 9% of  3. 
choles tero l .  4. 

Seed oils f r o m  Cruciferae plan t s  are k n o w n  
to  con t a in  brass icas tero l  in  re la t ively  h igh  pro-  5. 
po r t i ons  in t he i r  s terol  f rac t ions .  The resul ts  of  6. 
t he  p resen t  s t udy  o n  m u s t a r d  seed oil  accord  
w i t h  previous  s tudies  in  th i s  respect ,  for  the  7. 
s terol  f r ac t ion  of  th is  oil c o n t a i n e d  brassi-  

8. 
cas tero l  in  a dec idedly  h igh  p r o p o r t i o n ,  11%, 
as c o m p a r e d  w i t h  o t h e r  19 oils as s h o w n  in 9. 
Table  III. 

F inal ly ,  t he  resul ts  o f  the  p resen t  s t u d y  con-  10. 
cern ing  2 4 - m e t h y l e n e c h o l e s t e r o l  m ay  be n o t e d  11. 
here.  This s terol  was i so la t ed  first f r o m  oysters  12. 
a n d  c lams by  Idler  and  Fage r lund  (20)  and  has  13. 
b e c o m e  k n o w n  as a s te ro l  widely  d i s t r ibu ted  in 14. 
mar ine  o rgan i sms  (21) .  Moreover ,  th i s  s t e ro l  has  
b e e n  r e p o r t e d  to  occur  in some  t issues of  h igher  15. 
p lan t  (19 ,  22-24) .  The  presen t  s t udy  c o n f i r m e d  
the  presence  of  th is  s terol  in  akamegash iwa  seed 16. 
oil and  also in  caps icum and  m u s t a r d  seed oils, 17. 
as descr ibed  before ,  suggest ing t ha t  this  s terol  is 
cons ide rab ly  widespread  in  vege tab le  oils. 18. 

ACKNOWLEDGMENTS 19. 
Japan Overseas Technical Cooperation Agency af- 20. 

forded several facilities to T.M. Jeong who carried 
out this work during his researching term at the Nihon 21. 
University by the Colombo Plan. Y. Toyama supplied 
vegetable oil samples and contributed valuable corn- 22. 
ments and advice. K. Matsumoto gave technical assist- 
ance. Gas liquid chromatographic-mass spectrometric 23. 
analyses were performed by C. Hirai and Y. Sasaki, 24. 
and NMR spectra were taken by T. lida. 

REFERENCES 

1. Itoh, T., T. Tamura, and T. Matsumoto, JAOCS 

927 

50:122 0973) .  
Itoh, T., T. Tamura, and T. Matsumoto, Lipids 
9:173 (1974). 
Knights, B.A., J. Gas Chromatogr. 5:273 (1967). 
Tamura, T., T. Itoh, and T. Matsumoto, Yuka- 
gaku 22:157 (1973). 
ttirschmann, H., J. Amer. Chem. Soc. 74:5357 
(1952). 
Seallen, T.J., and W. Krueger, J. Lipid Res. 9:120 
(1968). 
Jeong, T.M., T. Tamura, T. Itoh, and T. Mat- 
sumoto, Yukagaku 22 : 153 (1973). 
Tamura, T., K. Takeshima, and T. Matsumoto, 
Ibid. 11:212 (1962). 
Goad, L.J., and T.W. Goodwin, Europ. J. Bid- 
chem. 1:357 (1967). 
Barton, D.H.R., J.E. Page, and E.W. Warnoff, J. 
Chem. Soc. 2715 (1954). 
Dusza, J.P., J. Org. Chem. 25:93 (1960). 
Sucrow, W., Tetrahedron Lett. 2443 (1968). 
Bates, B., A.D. Brewer, B.A. Knights, and J.W. 
Rowe, Ibid. 6163 (1968). 
Itoh, T., T. Tamura, and T. Matsumoto, JAOCS 
$0:300 (1973). 
Frost, D.J., and J.P. Ward, Tetrahedron Lett. 
34:3779 (1968). 
Frost, D.J., and J.P. Ward, Reel. Tray. Chim. 
89:1054 (1970). 
Fioriti, J.A., M.J. Kanuk, and R.J. Sims, JAOCS 
48:240 (1971). 
Ingrain, D.S., B.A. Knights, LJ. McEvoy, and P. 
McKay, Phytochemistry 7:1241 (1968). 
Knights, B.A., and A.M.M. Berrie, Ibid. 10:131 
(1971). 
Idler, D.R., and U.H.M. Fagerlnud, J. Amer. 
Chem. Soe. 77:4142 (1955). 
Bergmann, W., and J.P. Dusza, Justus Liebigs 
Ann. Chem. 603:36 (1957). 
Devys, M., and M. Barbier, C.R. Acad. Sci. (Paris) 
261:4901 (1965). 
Pyrek, J.S., J- Amer. Chem. Soc. 91:10"7 (1969). 
Knights, B.A., and W. Laurie, Phytoehemistry 
6:407 (1967). 

[Rece ived  F e b r u a r y  15, 1974]  

LIPIDS, VOL. 9, NO. 11 


