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acids obtained by GLC is not clear. Reactions may 
have occurred between the epoxides and any of the 
reactive constituents not ordinarily found together 
with them under conditions of the GLC analysis. 
Losses occurring from decomposition or alteration of 
epoxy acids on a number of stationary phase~ have 
been investigated by Herb and co-workers (25) .  

Evidence for the presence of small amgunts of a 
dihydroxy acid is shown in sample 3 of Figure 4. 
Formation of unusual oxygenated compounds, prob- 
ably methyl ethers of the hydroxy acids, is sugge~;ted 
by TLC of esters prepared with methanolic sulfuric 
acid (sample 4, Fig. 3). These oxygenated materiat~ 
are undergoing further study. 
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Search for New Industrial Oils. XII. Fifty-eight Euphorbiaceae 

Oils, Including One Rich m Vernolic Acid I 
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Abstract 
Seed oil of Euphorbia lagascae Spreng. contains 

57% of cis-12,13-epoxy-cis-9-oetadecenoic (ver- 
nolle) acid. The amt of trivernolin in the glye- 
erides of this species indicates random or restricted 
random distribution of the vernolic acid. 

Seed from 57 additional species in the Euphor- 
biaeeae were analyzed for oil and protein contents 
and also for fat ty acid composition of the oils. 
Iodine values (I.V.) of the oils ranged from 87- 
221. Among these oils, samples were encountered 
with as much as 76% linolenie, 77% linoleie or 
84% oleic acid. 

Introduction 

O F T t I E  GLYCERIDE OILS n o w  traded in quantity-, two 
of the more unusual ones are from plants in the 

Euphorbiaeeae (spurge family). Castor oil containing 
rieinoleic acid is obtained from Ricinus communis L., 
and tung oil containing eleostearic acid from several 
species of Aleurites. Literature reports of other un- 
usual oils in the family include kamala oil from Mat- 
lotus philippinenis Muell. Arg. containing hydroxy- 
eleostearie acid; croton oil from Croton tiglium L. 
possessing violent purgative properties ; oil containing 
epoxy acids from Cephalocroton (1) ; and oils contain- 
ing conjugated unsaturation from Ricinodendron, 
Sapium, and Garcia. Most of the oils from approx 65 
species of Euphorbiaceae reported by Hilditeh (10), 

1 Presented at  the  AOCS in New Orleans, 1964. 
2 A laboratory of the No. Utiliz. Res. & Dev. Div., ARS, USDA. 
a ARS, USDA. 

Eckey (6), and in more recent literature contain only 
the common fat ty acids in widely varying proportions. 

In our continuing survey of seed oils, 58 species of 
Euphorbiaceae have been analyzed ; 11 of these, includ- 
ing six in our earlier papers (3,4), have been reported 
in prior literature but without gas-liquid chromato- 
graphic (GLC) analyses. One species of the 58, Eu- 
phorbia tagascae Spreng., is unique in its high content 
of epoxyoleic acid. 

The Euphorbiaceae include some 280 genera and 
8,000 species (2), predominantly tropical but also 
widely distributed in temperature regions. The larg- 
est genera are Euphorbia (ca. 1,000 species), Croton 
(ca. 500-600 species), and PhyIlanthus (ca. 400 
species). Plant types range from herbs to trees and 
include vine- and cactus-like forms. Useful commer- 
cial products other than oils obtained from the family 
include rubber (Hevea brasiliensis Muell. Arg.), can- 
de]illa wax (Euphorbia antisyphilitica Zuee.), and 
cassava (Manihot esculenta Cranz.). Many species are 
grown domestically as ornamentals. The samples an- 
alyzed represent two of the four subfamilies and 10 
of the 11 tribes within these subfamilies. 

Materials and Methods 
Collection, preparation, analysis of seed, and GLC 

analysis of the fatty acids were accomplished as previ- 
ously described (5,15,18). Seed of Euphorbia lagascae 
was collected from wild plants in Spain under Public 
Law 480 funds. Methyl esters were prepared by acid- 
catalyzed methanolysis except for the E. tagascae prep- 
aration that was catalyzed by sodium methoxide (16). 
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10% Oil in Pet. Ether 

II 
Divernolin 
Tr, E.I.  
Tr, V.a.  

3C, 24 hr 

II 
Trivernolin 
20% E. I. 
63% V. a. 

~7% Solution 
-18C, 24 hr 

Other Components 
80% E. I. 
37% V. a. 

FIG. 1. Low-temp fractionation of Euphorbia lagascae (E.1.) 
and Vernonia anthelmintica (V.a.) oils. (Tr = Trace). 

St ructure  of the epoxy acid in E. lagascae oil was 
established by procedures essentially like those de- 
scribed by Gunstone (8). The oil was t reated with 
boiling glacial acetic acid, saponified with 1 N K O H /  
E tOH,  acidified s trongly with HC1, and then extracted 
with ethyl ether. In  this process the expoxy acid was 
converted to a d ihydroxy acid which in tu rn  was iso- 
lated by par t i t ioning between 90% methanol and 
petroleum ether, recovered f rom the methanol phase 
by evaporat ion and recrystall ized f rom acetone. A 
port ion of the isolated d ihydroxy acid was oxidized 
with permanganate-per iodate  reagent,  and another  
port ion was hydrogenated to eliminate unsatura t ion 
before oxidation. Oxidation products  were analyzed 
as free acids and as methyl  esters by GLC on a polar  
(LAC-2-R446) column and a nonpolar  (Apiezon L) 
column to ident i fy the oxidation products. 

FIG. 2. Preparative TLC of Euphorbia lagascae oil. 1 ~1 
spots. Solvent travel, 17 era. Area 1, nonoxygenated triglycer- 
ides; Area 2, 31% vernolate in triglyceride; Area 3, 64% 
vernolate in trig]yceride; Area 4, triverno]in (98% vernolate) ; 
and Area 5, unknown. 

For  the identification of the octadecenoic acid in 
selected oils, the monoenoic fract ion was collected f rom 
the mixed methyl  esters either by thin-layer chroma- 
tography  (TLC)  oil a l -ram film of Silica Gel G (19) 
impregnated with 30% silver ni t ra te  with benzene as 
the developing solvent, or by t r app ing  the 18:1 com- 
ponent  [equivalent chain length (ECL)  18.3] f rom 
a 20 f t  x ~s in copper GLC column packed with 20% 
LAC-2-R446 on 60/80 mesh Celite. The recovered ester 
was oxidatively cleaved and analyzed as above. 

Oil for the tr iglyceride s t ructure  studies was ex- 
t racted f rom the whole seed by grinding in a War ing  
Blendor in cold petroleum ether (5C) or f rom auto- 
claved seed (15 psi for 30 min)  by gr inding with the 
same solvent at room temp (11,12). Trivernol in was 
isolated f rom the oil of E. lagascae by : A) a modifica- 
tion of the method used by Krewson et al. (11) to iso- 
late tr ivernolin f rom Vernonia anthelmintica Willd. 
(Fig. 1), or B) prepara t ive  TLC. Fo r  comparison, 
method A was also applied to V. anthelmintica oil. 

The prepara t ive  TLC plates were made with ether- 
washed Silica Gel G (500 ~ thickness). The plates were 
developed with petroleum ether (40-50C) :ethyl  ether : 
glacial acetic acid (80 :20 :1  v / v ) ,  air  dried and re- 
developed with the same reagents in a ratio of 90 : 10 : 1. 
The tr ivernolin area and the remainder  of the sam- 
ple were scraped separately f rom the plate, and frac- 
tions were recovered f rom the suppor t  by extraction 
with ether. In  method B the areas were made visible 
by  spraying  loeator s tr ips on both sides of the plate 
with a 0.2% ethanolic solution of 2',7'-dichlorofluores- 
cein. The locator str ips were discarded. 

In  both methods fractions isolated f rom the oil of 
E. lagascae were analyzed by TLC (films of 250 
thickness) and by GLC. Spots on the TLC plates were 
located with iodine vapor  and recorded with black 
Diazo paper  (7). 

Hydrogen  bromide t i t rat ions for epoxides were 
carried out at 55C for  all samples and in addition at  
3C (9) for E. lagascae. 

Results and Discussion 

The initial analyses (Table I )  of all but  two of the 
samples in this group show no significant amt  of 
unusual  components. GLC confirms tha t  these oils 
arc composed of common fa t ty  acids but  in widely 
vary ing  proportion.  Oil f rom Sapium sebiferum seed 
kernels absorbs UV light at 266 m~, and GLC shows 
a component (5%) presumed to be the previously re- 
ported 2,4-deeadienoic acid (6). Other unidentified 
short-chain components total 3% by GLC. Oil f rom 
E. lagascae seed contains HBr-absorbing mater ial  
equivalent to 58% of Cls-epoxy monoenoic acid. I R  
absorption at 11.85 ~ and 12.17 ~ indicate that  the 
reactive mater ial  is an epoxide. Following Gunstone 's  
procedure (8) for identification of the epoxy acid we 
obtained a crystalline d ihydroxy acid melt ing at  48-  
50C (lit mp for product  f rom vernolic acid, 49-51.5C). 
Products  of oxidation of the unsa tura ted  d ihydroxy 
acid were shown by GLC to be 35% hexanoic and 60% 
nonanedioic (azelaic) acids. Hydrogenat ion  of the 
unsa tura ted  acid gave a product  which had no melt- 
ing point depression on admixture  with authentic 
threo-12,13-dihydroxyoctadecanoie acid. Oxidation of 
the sa turated acid gave 34% hexanoic and 63% do- 
decanedioic acids. The original component  of the oil 
f rom which the d ihydroxy acid was p repared  is there- 
fore cis-12,13-epoxy-cis-9-octadecenoic (verno]ic) acid. 

Fract ionat ion of oil f rom E. lagascae provides a 
tr ivernolin fract ion (Fig. 1) of pu r i ty  comparable to 
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F I G .  3. I . ¥ . / r e f r a e t i v e  i n d e x  r e l a t i o n s h i p  a m o n g  o i l s  o f  t h e  
E u p h o r b i a c e a e .  

tha t  obtained f rom vernonia oil but representing only 
20% of the oil instead of 63% as with Vernonia. As 
an independent  measure of trivernolin, TLC of 29.1 
mg of E. lagascae oil on Silica Gel G (Fig. 2) gave 
a total  recovery of 29.7 mg, of which 5.5 mg (18.5% 
of the original oil) migra ted  at the same rate as au- 
thentie trivernolin. The methyl  esters of this f ract ion 
were shown by GLC to be 98% methyl  vernolate. The 
percentage of t r ivernolin in E. lagascae oil is in excel- 
lent agreement  with that  expected f rom random or 
restricted random distribution (18.8 and 18.6%, re- 
spectively).  I t  is in sharp contrast  to the results for 
vernonia oil in which essentially al l  of the vernolic acid 
occurs as t r ivernolin (11). 

Five percent  of the E. lagascae seed consists of an 
easily detachable caruncle which contains 24% oil. 
The f a t ty  acid content of this seed component  is 
mainly  18:0 and 18 : 1, 12 and 74%, respectively. In  
contrast  to the high percentage of vernolic acid present  
in the whole E. lagascae oil, the oil in the earnuele had 
only 3.6% hydrogen bromide equivalent when calcu- 
lated as epoxyoleic acid. 

The GLC analysis of the oxidation products  of the 
monoenoic acids of Cnidoscolus tepiquensis, E. lathy- 
rus, and E. lagascae showed two major  components 
(total greater  than  95%),  azelaic acid and pelargonie 
acids. Since the IR  spectra of these oils gave no indi- 
cation of trans unsaturat ion,  in each instance the 18 : 1 
acid is oleic. 

The var iabi l i ty  of all these oils is s t r ikingly indi- 
cated by plot of refract ive index against  I.V. (Fig. 3). 
Except  for the two oils containing unusual  components 
all fall close to the regression line reported in P a r t  1 
of this series (5). Both the lowest and highest I.V. 
are f rom the genus Euphorbia: E. lathyrus, I.V. 87, 
long known to contain ca. 85% oleic acid (6,10), and 
E. parryi, I.V. 221, shown in this s tudy to contain 
76% oetadecatrienoic acid, probably  linolenic. Those 
oils with I.V. below 105 are rich in oetadeeenoie acid 
(55-85%) ; those between 110 and ca. 144, in octadeca- 
dienoie acid ( 5 0 - 7 7 % ) ;  and those f rom ca. 181-221, 
in octadecatrienoie acid (50-76%).  

Table I is a r ranged  by subfamilies and tribes to 
reveal similarities within groups. The eight members 
of the Ja t ropheae  bear large seed (40-1,105 g/ l ,000)  ; 
their  oils have intermediate I.V. (113-133) and con- 
tain " l ino le i c"  acid as the major  component (53-  
68%).  In  the tr ibe Euphorbieae,  the Cls-trienoic acid 
is the major  component except in oils of E. lathyrus, 
E. lagascae and Pedilanthus macrocarpus. Other gen- 
eralizations are not so obvious, either because of a 
variable composition or perhaps  because of too few 
representatives within a given group. 

Many of the oils contain small amt  of various acids 
reported in Table I as "o t he r  components ."  These 
include up to 3% of 14:0 in 50 samples, up to 1% 

VOL. 42 

T A B L E  I I  

G r a m s  of Amino  A c i d / 1 6  G r a m s  Ni t rogen  in  Euphorb ia  lagascae 

L y s i n e  ....................... I 4.0 A r g i n i n e  ................... 
Meth ion ine  ................. I 2.6 Glycine ..................... 
l so leucine  ................... I 4.4 IAlan ine  ..... . . . . . . . . . . . . . . .  
L e uc ine  ..................... I 6.4 A s p a r t i c  ac id  ............ 

5.3 P h e n y l a l a n i n e  ........... G lu tamic  acid  ........... 
n y d r o x y p r o l i n e  ....... 

Ty ros ine  T h r e o n i n e  ..................... ................., 2. 3.6 6 P ro l ine  ..................... 
H i s t i d i n e  .................... / 2.4 Se r ine  ........................ I IVal ine ................... 

12.5 
4.3 
4.6 

11.6 
16.2 

0.3 
4.0 
4.5 
5.6 

of 16 : 1 in 8 samples, up to 1% of 20 : 0 in 27 samples, 
up to 4% of 20:1  in 59 samples, a trace of 22:0  in 
2 samples and up to 3% of 22:1. Several oils contain 
minor amt  of unknown components, including ap- 
parent  15 : 0, 15 : 1, 17 : 0 and 17 : 1. 

Many species of the Euphorbiaeeae produce seed 
containing toxic, purgat ive  or allergenic principles. No 
tests for  such components were included in the pres- 
ent study. Layton  et al. (13,14) showed that  indi- 
viduals allergic to castor bean also react to prepara-  
tions f rom Cnidoscdus texanus (Muell. Arg.)  Small, 
Euphorbia esula L. and Poinsettia pulcherrima R. 
Grah. (Euphorbia pulcherrima Will&) and sugge:~ted 
that  such sensitivity might  extend to the whole family  
Euphorbiaceae.  

The amino aeid composition of E. lagascae seed pro- 
tein (Table I I )  is similar to tha t  in the five Euphor-  
biaceae species previously reported f rom the Nor thern  
Labora tory  (17,18). The lysine level lies between that  
of legumes and cereals ; the methionine level is compar- 
able to that  of the cereals but  distinctively above that  
of the legumes. 

Studies of seed yields, methods of product ion and 
areas of adaptabi l i ty  of those species p roduc ing  the 
common fa t ty  acids have no par t icular  urgency until  
a need for this information becomes more evident,. 
The unusual oil of E. lagascae justifies immediate 
s tudy of this species. This plant  is a small (1-1.5 f t ) ,  
coarse annual  which flowers in early spr ing and frui ts  
in late spring in the warm Mediterranean region where 
it is native. I t  is often found in falIow land or other 
areas disturbed by man ;  consequently it might  be 
readily adaptable to conditions of cultivation. 
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