
Triterpene Alcohols and Sterols of Vegetable Oils 
E. FEDELI, A. L A N Z A N I ,  P. CAPELLA and G. JACINI 
Stazione Sperimentale Olii e Grassi, Centro Nazionale per la Lipochimica del C. N.  R.-Milano i 

Abstract 

Triterpene alcohols and sterols were separated 
by thin-layer chromatography and gas-liquid 
chromatography from the unsaponifiable frac- 
tions of the following 18 vegetable oils: linseed, 
peanut, olive, rice bran, palm kernel, corn, 
sesame, oiticica, palm, coconut, rapeseed, grape 
seed, sunflower, poppy seed, castor, tea seed, 
cocoa butter  and soybean. Two tr i terpene alco- 
hols, cycloartenol and 24-methylene cycloartanol, 
were found in all of the oils except soybean oil, 
which contained only eyeloartenol. Tri terpene 
alcohols such as ~- and fl-amyrin, euphorbol, 
butyrospermol and cyclolaudenol also were 
encountered occasionally. Three s terols ,  fl- 
sitosterol, stigmasterol and campesterol were 
present in all of the oils. In addition a fourth 
sterol, not yet identified, was found in oils of 
palm, palm kernel and sunflower in varying 
amounts. This unknown sterol and brassieasterol 
were found in rapeseed oil in addition to the 
three sterols that  were common to all of the oils 
studied. 

Introduct ion 

p REVmUS STUDIES at this Laboratory (1-3) showed 
that, with very  few exceptions, vegetable oil un- 

saponifiables contained saturated h y d r o c a r b o n s ,  
squalene, aliphatic alcohols, terpene alcohols, and 
sterols. However, individual compounds in these 
classes varied with different oils. This variabili ty was 
most pronounced among the terpene alcohols. 

Previous reports from this Laboratory discussed 
terpene alcohols and sterols of linseed (4,5), olive 
(6),  tea seed (7), cocoa butter  (8) and rapeseed (9) 
oils. The present paper  deals with terpene alcohols 
and sterols of 13 additional vegetable oils: peanut,  
rice bran, palm kernel, corn, sesame, oiticica, coconut, 
pahn, grape seed, sunflower, poppy seed, castor and 
soybean. For  clarity, the five oils discussed earlier 
are considered again. 

The following tr i terpene alcohols were isolated and 
identified: eycloartenol from linseed, olive and peanut  
oils; 24-methyleneycloartanol f rom olive and linseed 
oils; butyrospermol from olive and tea seed oils; a- 
amyrin  from olive oil; and fl-amyrin from tea seed 
and peanut  oils. Among the sterols, fl-sitosterol, stig- 
masterol and campesterol in linseed and cocoa but ter  
oils, and brassicasterol in rapeseed oil were identified. 

Identification of these substances is of practical in- 
terest because, when taken as a group, they furnish 
a "f ingerprint"  for the identification of vegetable oils. 
Compounds were isolated by thin-layer chromatog- 
r aphy  (TLC) and gas-liquid chromatography (GLC),  
and identifications were based on comparisons with 
the chromatographic behavior of pure substances. 

Experimental  
Materials 

Oils were obtained by extraction with hexane, ex- 
cept olive oil, which was obtained by pressing. All 
oils were degummed. Flaxseed, olives, rice, corn, rape, 
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chemistry of Nat ional  Research Council,  l~i lan,  I taly,  

grape, sunflower, castor, sesame, and soybeans were 
grown in I ta ly;  peanuts, coconuts, oiticiea, palm, and 
palm kernel were obtained from Brazil ;  poppy seed, 
from Poland;  and tea seed, from China. 

Saponification 
One hundred grams of oil in 1000 ml of alcoholic 

0.5N potassium hydroxide were refluxed on a water 
bath for 1 hr. The reaction mixture was diluted with 
2000 ml distilled water, and unsaponifiable material 
was extracted with three 2000-ml portions of diethy] 
ether. E ther  extracts were combined, washed 10 times 
with 800-ml portions of distilled water and dried with 
sodium sulfate. The unsaponifiable fraction was neu- 
tralized by elution of the ether solution through 
alunlina. 

Thin-Layer Chromatography 
Neutralized unsaponifiable material  was f rac -  

t ionated on 20 X 20 mm plates spread with a 1 mm 
layer of Silica Gel G (10). One hundred milligrams 
of sample was applied uniformly along a line 1 em 
from one edge of the plate, eluted with a 1:1 mixture 
of hexane-ether, developed with the sodium salt of 
dichlorofluorescin and observed under  ultraviolet 
light. Strips containing terpenes and sterols were re- 
moved and extracted with ether in a microextractor. 
E ther  extracts were desiccated for subsequent GLC 
analysis. 

Gas-Liquid Chromatography 
Terpene and sterol fractions were analyzed with a 

C. Erba,  model C, chromatograph equipped with a 
flame ionization detector. The chromatograph was 
fitted with a 2 m glass column, 2 mm I.D., packed 
with silanized Gas Chrom P, 100-120 mesh and coated 
with 1% SE-30. The column was operated at 230C 
with nitrogen at 20 cc/min as carrier  gas. Evaporator  
temperature  was 280C. 

Results 

Terpenes and sterols were fraetionated from neu- 
tralized unsaponifiable material by preparative TLC 
and were obtained in the amounts shown in Table I. 

Triterpene Alcohols 
GLC analysis indicated that the composition of 

terpene fractions varied markedly from one oil to 
another. Table I I  shows the number of components 

T A B L E  I 

Terpene and Sterol Fractions from Vegetable Oil Unsaponif lables  
( %  of oil) 

Neutralized Triter!oenes Sterols 
Oil unsaponifiables 

Linseed 1,1 0.12 0.5 
Peanut 0.9 0.14 0,5 
Olive 1.2 0.2 0.6 
Rice b r an  0.8 0.1 0.4 
Pa lm  kernel  0.6 0.03 0.3 
Corn 2.3 0.11 1.38 
Sesame 0.4 0.03 0.19 
Oitieica 0.6 0.02 0.51 
Coconut 0.3 0.02 0.14 
Pa lm  0.4 0.02 0.17 
Rapeseed 0.8 0.03 0.59 
Grape seed 0.3 0.01 0.13 
Sunf lower  0.6 0.22 0.25 
Poppy seed 0.5 0.02 0.25 
Castor 0.7 0.05 0.28 
Tea seed 0.9 0.04 0.6 
Cocoa butter 0,7 0.05 0.3 
Soybean 0.7 0.06 0.42 
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TABLE II 

Distribution of Terpenes in Vegetable Oils 
Relative retent ion volume (Vx of cycloartenol = 1.00) 

Number  
Oil of eompo- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ,~ 

nents  ~ ~ o ~ o ~ o o o ~ r o ~ ~ ~ o ~ ~ ~ ~ ~ ,~ ~ ~ ~ ~ ~ ,~ ~ 

Linseed 5 + + + + + 
P e a n u t  5 + + + + + 
Olive 6 + + + + ~ + 
Rice b r an  5 + + + ~ + 
Pa lm kernel 6 + + + + + 
Corn 9 + + + + + + + + 
Sesame 6 + + + + + -4- 
Oiticica 11 + + + + + + + + + + + 
Coconut 4 + + + + 
Pa lm 5 + + + + + 
Rapeseed 13 + + + + + + + + + + + + 
Grape seed 8 + + + + + -1- V + 
Sunflower 8 + + -~ + + + + + 
Poppy seed 5 + + + + + 
Castor 8 + + + + + + + + 
Tea seed 8 + + + -J + + + + 
Cocoa but ter  6 + + + + + + 
Soybean 7 + + + + + + + 

and their relative retention volume (VR) compared 
with cycloartenol. 

Eight  of these components have been identified. In 
order of decreasing VR, they are as follows: 

Va 

24-Methylene cycloartanol 1.16 
Cyclolaudenol 1.12 
Cycloartenol 1.00 
Euphorbol  0.97 
a-Amyrin 0.93 
Butyrospermol  0.91 
Cycloartanol 0.89 
B-Amyrin 0.83 

Cycloartenol was found in all oils assayed; 24- 
methylene cycloartanol, in all except soybean oil; 
a-amyrin, in olive, palm kernel, grape seed, sesame, 
coconut, palm, rapeseed, corn, castor and soybean 
oils; fi-amyrin, in peanut, olive, rice bran, corn, co- 
conut, rapeseed, poppy seed, castor, tea seed and soy- 
bean oils; cycloartanol, in rice bran, corn, oiticica, 
palm and rapeseed oils; butyrospermol, in olive, 
oiticica and tea seed oils; euphorbol, in sunfower  
and poppy seed oils; and cyclolaudanol was found 
only in soybean oil. The results on rice bran ~il con- 
firm the presence of 24-methylene cycloartanol which 
was reported by Japanese authors (11). The identi- 
fication of the other components is still under  s tudy 
in this Laboratory.  

The terpene fraction of linseed oil unsaponifiables 
contained a component that  gave a strong Fitelson 
reaction (12). This component, which had V~ 0.92, 
is represented by peak 1 in the GLC curve of Figure  
]A. I t  appears to be a tr i terpene alcohol of the eu- 
phane series. GLC peaks 2 and 3 in Figure  1A repre- 
sent cycloartenol and 24-methylene cycloartanol, 
respectively. 

The GLC curve of peanut  oil is given in Figure  
lB. St ructura l  studies are current ly  being conducted 
on peak 1 (V~ 0.50) and peak 2 (VR 0.59). Present  
indications are that  the component in peak ] contains 
methoxyl and methylenedioxyl groups that  are close 
to aromatic nuclei. Peaks 3 and 4 represent cyclo- 
artenol and 24-methylene cycloartanol, respectively. 

The terpene fraction of rapeseed oil had the most 
complex GLC curve of the oils studied, as shown in 
Figure  1C. At least 13 components are present. Peak 
1, only part ia l ly  separated, corresponds to fl-amyrin; 
peak 2, to cycloarteno]; and peak 3 to 24-methylene 
cycloartanol. 

Next in complexity is the GLC curve from oiticica 

oil, in Figure  1D. The 11 components present are 
dominated by peak 1, which has VR 0.62. Peak 3 has 
been identified as butyrospermol, a t r i terpene alcohol 
of the euphane series which was first found in tea seed 
oil and then in olive oil (7). This component was 
shown to be responsible for the positive Fitelson re- 
action in tea seed and olive oils (7). Peaks 2, 4 and 5 
correspond to cycloartanol, cycloartenol and 24- 
methylene cycloartanol, respectively. 

Coconut oil, shown in Figure  1E, had the simplest 
terpene fraction. Peak 1 corresponds to fl-amyrin, 2 
to a-amyrin, 3 to cycloartenol and 4 to 24-methylene 
cycloartanol. 

S t e r o l s  

The sterol fractions of the oils were much simpler 
in composition than the terpene fractions. Usually 
only three sterols were found:  fl-sitosterol, stigma- 
sterol and campesterol. As an example, the GLC 
curve of linseed oil sterols is given in Figure  2A. fl- 
Sitosterol (peak 3) is the more abundant  sterol, fol- 
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FIo. 1. Gas-liquid chromatograms of terpene fractions from 
(A) linseed, (B) peanut, (C) rapeseed, (D) oiticica and (E) 
coconut oils. 
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FIG. 2. Gas - l i qu id  c h r o m a t o g r a m s  of s t e ro l  f r a c t i o n s  f r o m  
(A) linseed, (B) palm and (C) rapeseed oils. 

lowed by campesterol (peak 1) and stigmasterol 
(peak 2). 

A similar ratio of these three components was 
found in peanut, rice bran, corn, sesame and poppy 
seed oils. However, in oiticica, coconut, grape seed, 
castor, tea seed and cocoa but ter  oils, the decreasing 
order was fi-sitosterol, stigmasterol and campesterol. 
The more abundant  component of olive oil was stig- 
mastero], followed by fl-sitosterol and campesterol. 

Palm, palm kernel and sunflower oils, unlike the 
preceding oils, contained four  components. Figure 
2B shows that  palm oil contained fl-sitosterol (peak 

TABLE ZIl 
Distribation of Sterols in Vegetable Oils 

Oil 

Number Relative retention volume 
of (VR of/~-sitosterol ---- 1.O0) 

compo- 
nents 0.58 0.60 0.68 0.80 0.87 1.00 1.14 

Linseed 3 -5 -5 -5 
Peanut  3 4- -5 -5 
Olive 3 4- -5 -5 
Rice bran 3 -5 -5 -5 
Palm kernel 4 -5 -5 -5 4- 
Corn 3 + -5 -5 
Sesame 3 -5 -5 -5 
Oitir 3 -5 -5 -5 
Coconut 3 -I- -5 -5 
Palm 4 -5 -5 -5 -5 
Rapeseed 3 -5 -5 -5 
GraDe seed :-3 4- 4- 4- 
Sunflower 4 -5 -5 -5 
Poppy seed 3 -5 -5 -5 
Castor 3 -5 -5 -5 
Tea seed 3 4- -5 4- 
Cocoa butter  3 4- -5 -5 
Soybean 3 -5 -5 4- 

+ 

4),  stigmasterol (peak 3) and campesterol (peak 2) 
along with a four th  component whose VR was close 
to that  of cholesterol. Cholesterol has been mentioned 
by other authors as a component of palm oil (13). 

Palm kernel and sunflower oils also contained a 
four th  component in addition to fi-sitosterol, stigma- 
sterol and campesterol. The four th  component was 
unknown and differed in both of these oils.  As in 
palm oil, fl-sitosterol was the most abundant  sterol in 
palm kernel and sunflower oils. 

Rapeseed oil was the only oil that  did not contain 
stigmasterol. The GLC curve for this oil is given in 
F igure  2C. Besides fl-sitosterol (peak 3), and campe- 
sterol (peak 2), a third sterol has been identified as 
brassicasterol (peak 1). 

Table ZII gives VR values for  sterols found in this 
study, expressed as ratios of the retention volume 
of fl-sitosterol. The followig VR values were found 
for sterols that  were identified: 

VR 
B-Sitosterol 1.00 
Stigmasterol 0.87 
Campesterol 0.80 
Brassicasterol 0.68 
Cholesterol 0.60 

Discussion 
Of the two classes of compounds studied, the tri- 

terpene alcohols were more varied in composition 
than the sterols. Marked differences were observed 
among the oils, either in the number of terpene com- 
ponents or in their  chemical structure.  No two chro- 
matograms of terpene fractions could be superim- 
posed exactly. Thus, analysis of the terpene fraction 
appears to afford a rapid and simple laboratory 
method for differentiating vegetable oils. 

Cycloartenol and 24-methylene eyeloartanol were 
found in 17 of the 18 oils studied. The only exception 
was soybean oil, which contained cycloartenol, but 
not 24-methylene cycloartanol. Two related mecha- 
nisms of biosynthesis, therefore, appear likely for 
these two terpenes. 

The sterol fractions, because of their uniform com- 
position, do not lend themselves well to the charac- 
terization of a par t icular  oil. 
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