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by the well-known elaidinization catalysts N02, S02, 
Se, Te, etc. Catalysts  producing extensive positional 
isomers (hydrogenat ion catalysts such as Ni, Pd, Pt,  
etc.) will yield a more complex mixture  of geometric 
a~zd positional isomers, and cannot be analyzed by 
this method. 
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Abstract 
The epoxy f a t ty  acid components isolated f rom 

the seed oil of V. anthelmi)~tica, Indian  ironweed, 
where the seed had been allowed to undergo 
lipolysis a f ter  grinding, were trivernolin,  1,:3- 
divernolin, and vernolie acid. By  inactivation 
of the hydrolyt ic  enzyme system present in the 
seed, oil containing more than 50% tr iveruolin 
may  be obtained. This species has potentialit ies 
as a replacement  crop for those now in surplus ;  
its seed contains 20 to 26% of an oil rieh in 
epoxyoleic (vernolic) acid combined as glyeer- 
ides amount ing to 70 to 75%. 

In t roduct ion  

R ECENT INTEREST in Ver~wnia anthelmi~dica (L.) 
Willd. centers upon the unique character  of its 

seed oil giving the plant  potent ial i ty  as a new oilseed 
crop which might  replace those now in surplus. This 
species of Vernonia, native to india,  has been difficult 
to grow for seed production, flowering in early fall in 
many  locations only to be frost-killed before reaching 
seed matur i ty .  Improved  prospects for successful cul- 
t ivation of the plant  in the U.S. came in 1960: a new 
introduction f rom India  produced seed in Nebraska, 
North Carolina, and Texas. Adapta t ion  studies are in 
progress on a wider scale at a number  of locations. 
This paper  deals with the extraction of the oil f rom 
the seed and the isolation and identification of its 
constituents: tr ivernolin,  1,3-divernolin, and vernolie 
acid. These are required in quant i ty  for develop- 
mental  studies of their  ut i l i ty  in plastic fornlulations 
and in the prepara t ion  of chemical derivatives. 

The l i terature on V. anthelmintica, commonly called 
purple  fleabane or Indian  ironweed, is volmninous. 
The plant  was well-known to the early Greeks and 
Theophrastus  described it about 300 B.C. (1 3). Be- 
fore L innaeus '  time more than a dozen Lat in  syn- 

�9 P r e s e n t e d  at  the  A.O.C.S.  mee t i ng  in St. Louis ,  1961. 
E a s t e r n  Ut i l iza t ion  Research  and l )eve lopment  Divis ion ,  Agr i cu l t u r a l  

Resea rch  Service,  U.S .D.A.  

onyms were used for its designation and in a pre- 
l iminary search more than 70 vernacular  terms have 
been encountered, mostly references to h ld ian  tr ibal  
names. Ill India, V. a~dhelmbdica is often confused 
with Psoralia cordglifolia. L. (4). Ill 18th century 
l i terature it is described by Linnaeus (5), having re- 
ceived its present name in 1804, given to it by Kar l  
Ludwig Willdenow (6). He was the first to place it 
in the genus l-cr~o~da, named for 17th century Eng-  
lish botanist, Wil l iam Vernon. This genus is one of 
the laro'est in the family  Compositae, with an esti- 
mated 400-600 species (7,8). There are many  refer- 
ences to the medicinal (9-16) and early ones to the 
insecticidal (1,3) propert ies  of V. a~thel, mintica. I t  
is claimed to be anthehnintic,  purgat ive,  good for asth- 
matic and kidney disorders, hiccough, and inflamma- 
tory swellings and skill diseases, especially leucoderma 
and psoriasis. A comprehensive report  on the earlier 
l i terature,  rich in folk-lore, is in preparat ion.  The 
following is a review of late 19th and 20th century 
contributions to the chemistry of this I/lant: 

Lindley and Moore (8) mentiou the product ion of 
oil by pressing the seed. Dymoek et al. (9) extracted 
the oil f rom the seed and claimed the presence of an 
alkaloid in all alcoholic extract  which they named 
Ver~to~i~e; they also reported that  the seed contained 
7.7% ash, a figure in close agreement  with 7.2% ob- 
tained here. Kesava-Menon (10) was among the first 
to record informat ion on the propert ies  of the seed 
oil and Bhadur i  (17) stated that  the seed contained 
a o'lyeoside which he named shomerjim Chopra et al. 
(11,12) found no alkaloid present  in the seed but  
reported the presenee of a bit ter  principle, pre- 
sumably aeeountable for the medicinal properties.  
Vidyar th i  (18) first almouneed the presence in the 
seed oil of a new aeid which he named vcrnolic but  
he considered it to be a hydroxy-aeid isomeric with 
rieinoleic. He also reported on the sterols found in 
the unsaponifiable material .  The details of these 
studies on fa t ty  acid composition appeared  in other 
publications (19,20), Ma jumdar  (13) worked on 
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the unsaponifiable material obtained by ether ex- 
traction of the seed. He indicated the presence of 
two sterols, brassicasterol and stigmasterol, and also 
claimed the presenee in the oil of a monohydroxy- 
oleie acid along with stearie, pahnitie, myristic, and 
oleic acids. Vidyar thi  (20) gave quantitat ive figures 
for  these acids which included linolcic acid in con- 
siderable proportion. The correct characterization of 
vernolic acid, the chief f a t ty  acid component pres- 
ent in the seed oil, was made by Gunstone (21) in 
1954, and confirmed by Smith and eoworkers (22) 
who were the first to isolate this compound from 
V. a)#helmintica seed oil. Gunstone identified it as 
eis-12,13-epoxy-cis-9-octadeeenoie acid, the first natu- 
ral ly occurring epoxy fa t ty  acid reported. Morris 
(23) established the asymmetric centers of this (+ )  
acid as having- the D-configuration and with cowork- 
ers (24) reported on the fa t ty  acid composition of 
the oil. Their  figures were in close agreement with 
Gunstone's (21), their prepared methyl esters (24) 
consisting chiefly of 78.5% epoxyoleie, 8.8% linoleie, 
2.0% oleic, 2.7% palmitie, 1.3% stearie and about 
6% hydroxy  fa t ty  acid esters which may have been 
formed in saponification; only traces of other fa t ty  
acids were reported. Earle et al. (25) have also given 
information on the f a t ty  acid composition of the oil 
and Van Et ten  et al. (26) reported on the amino acid 
composition of the seed. Miwa and associates (27) 
presented information on the biosynthesis of epoxy- 
oleic acid in the matur ing seed. Riser et al. (28) 
compared V. anthelmi~dica seed oil and salts of ver- 
nolle acid with commercial controls and found them 
equal to or bet ter  than the lat ter  as stabilizers for 
plasticized polyvinyl chloride. 

Epoxy fa t ty  acids have been found in other plants, 
epoxyoleie acid has been demonstrated in members of 
several familites (29-36),  first isolated from kenaf 
seed oil (31) and its isomer, eis-9,10~epoxy-cis-12- 
oetadeeenoie acid, is a constituent of Chrysanthemum 
coro~c~'~ium L. (33,37) and possibly other species 
(38). Mixtures of vernolie acid with its isomers have 
been synthesized, monoepoxyoetadecenoie, f rom lino- 
leie by Swern and Diekel (39), and as 12,13-epoxy-9- 
octadeeenoie acid by Pigulevskii and Naidenova (40). 
Osbond (41), emphasizing the structural  relationship 
of these acids to linoleic, has recently reported on 
the synthesis of ( ~ )  vernolie acid. A relative of 
oleic acid, cis-9,10-epoxystearie acid, has been re- 
ported present in the mixed acids from uredospores 
of a wheat germ rust  (42,43) and in the seed of 
Tragopogo~ porrifolius (44), its trans-isonaer, in 
orujo oil (34). The acid s t ructural ly  related to 
linolenie acid, 15,16-epoxyoetadee-9,12-dienoic, has 
been reported present in Camelina sativa (L.) Crantz 
(45). Gunstone (21), Smith et al. (33) and Morris 
et al. (23,38) have pointed out the possible biologi- 
cal importance of epoxy acids in lipid chemistry. 
Other seed oils have been shown to contain epoxy 
components (25,38,46,47) but these have not been 
identified. Evidence of the widespread occurrence of 
epoxy fa t ty  acids is accumulating. 

F igure  1 is a photograph of a drawing (16) of a 
V. anthelmintica plant at the flowering stage. This 
reproduction was used instead of an actual photo- 
graph because it shows more detail;  it corresponds 
in development to a 4 to 5 months old plant grown 
from seed in this laboratory. Briefly described, it is 
an erect, robust, leafy annual, 3 to 5 f t  high; leaves 
petioled about 3 to 8 inches long; florets, pale violet, 
about ~ 6  inch in diameter;  achenes (single-seeded 
fruit,  here referred to as seed) greenish-brown, :J/16 to 

FIr 1. l'~r*to~ia a~thelmintica (L.) Will& 

~/4 inch long and marked with about 10 lighter colored 
longitudinal r idges- -F igure  2 (10 • magnification). 

Materials and Methods 
Seed used for these investigations was of Indian ori- 

gin supplied by Quentin Jones of the Crops Research 
Division, Agricul tural  /~esearch Service, U.S.D.A.  
Seed for small-scale experiments was obtained from 
larger batches (100 lb or more) by a series of passes 
through a Boerner-Sampler and ground in a Wiley 
mill (No. 1 with 3-inch blades) to pass a screen hav- 
ing round holes of 2 mm di. After  initial extraction, 
if exhaustive removal of oil was desired, mares were 

Fp3.2. Ver~o~i(t a)~lhelmintiea (L.) Witld. seed (10 • mng- 
nifieation ~. 
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dried and reground to pass holes of 0.5 mm di., then 
re-extracted. In  Soxhlet extract ions 100-g ground 
seed samples were used with a change of solvent af ter  
2-hr operation to minimize heat effects; this was fol- 
lowed by 18-hr operat ional  periods. Prolonged extrac- 
tion renmved small anlounts of addit ional oil only if 
mares were reground. Moisture determinations were 
completed in 3 hr  on 70-g ground seed samples using 
toluene azeotropically;  each sample was placed in a 1-1 
flask, 300 ml of toluene added, moisture-tube and con- 
denser attached, and the mixture  st irred magnetical ly 
dur ing the distillation period. 

Analyt ical  data  were obtained by  AOCS proce- 
dures. In  the Durbetaki  (48) method for t i t ra t ing 
oxirane oxygen, it was found advantageous to add 
0.02 molar  hydroquinone to prevent  in terfer ing side 
reaetions with bromine;  also the hydrogen bronlide 
gas was diluted with ni trogen to prevent  oxidation 
and suek-baek. 

Seed used in the pilot p lant  extraction was gr()und 
in a Ball and Jewel Shredder  having 9-inch blades to 
pass a screen with 2 mm holes. A stainless steel ex- 
t rac tor-evapora tor  was used to extract 225 lb. (212 
lb, 96.1 kg, mfb)  of ground seed. The seed was stored 
26 days  at room tempera tures  before extraction. A 
single batch method was used employing 1 gal of 
pet roleum ether (hp 63-70C) for each lb of seed ex- 
tracted. The extractor  port ion was equipped with a 
stainless steel, finely screened, 3-layer, raise bottom, 
several layers of cheese-cloth having been placed be- 
tween the screens and covering the top screen. The 
extractor  section was loaded with the seed, closed, 
and the 833 1 of solvent circulated by punlp at 68C 
through the sample for  2 hr, followed by an over- 
night  stand, a reheating" and a recirculation of sol- 
vent the following morning. The warm extract  was 
then pumped  to the evaporator  and the marc given 
3 warm (68C) washes with 500- to 600-1 portions of 
fresh solvent. The combined extract  and washings 
were concentrated to about 20 1. The oil was ob- 
tained by complete removal  of solvent under  reduced 
pressure in a rota t ing evaporator.  Two additional 
extractions were made using the procedure described. 

In  low- tempera ture  separat ions involving epoxy 
components of the oil, it was advantageous to keep 
oil concentrations as low as 1 g per 15 ml of solvent 
and to serape the walls of the container and stir dur- 
ing the initial stages of crystallization. In  general, 
where solvent removal  was necessary to obtain oil 
and oil products,  it was done under  vacuum with as 
little heat as possible with the aid of nitrogen. Sam- 
plcs were stored under  ni trogen and maintained at 
about 5C. Trivernol in  samples were preserved with 
about 0.03% hydroquinone. 

Results  

Four  different accessions of V. anthehni~tica seed 
of Indian  origin were extracted by exhaustive Soxhlet 
technique using petrotemn ether (bp 35-59C),  the 
ground seed having been air-equil ibrated f rom 2 to 
26 days pr ior  to extraction. The following character-  
istics obtained are compared in range to those of other 
investigators (10,11,17-22,25) shown in the second 
column: 

O i l i n s e e d , %  ....................................... 1 9 . 7 -  2 6 . 3 ( m f b ) l  14 .2  - 26 .9  
E p o x y o l e i e  ac id  in  oi l  ca le 'd  f r o m  1 

o x i r a n e  o x y g e n  v a l u e ,  % .................. 6 8 . 7 -  71 ,7  1 64.8 - 68 ,0  

I o d i n e  v M u e  ( W i ~ s )  ............................ 1 0 3 . 7 - 1 0 7 . 5  5 4 . 6 3 - 1 2 2 , 0  
F r e e  f a t t y  a c i d s  in  oil ,  

a~ epexyo le i c  ac id ,  % ....................... 1 4 . 5 -  38 .6  26 .4  - 34 .3  

T A B L E  1 
E x h a u s t i v e  Soxi~iet E x t r a ( t i o u  of V. (trlthebrdnti~'a (L . )  W i l l d .  Seed  

O r o a n d  and  A i r - E q u i l i b r a t e d  4 ] l a y s  

. . . . . . . . . . . . . . .  i 
Oil  in  seed 

( m o i s t u r e  f ree  b a s i s  , 9; ............. } 
E p o x v o l e i c  ac id  in  oi l  ( e a l c ' d  i 

f r on  ox r~ ne  o x y g e n ) ,  '/; ............ 
F r e e  h t t v  a . ids in oil  

( a s  epoxvo le ic  a c i d ) ,  r .............. :l 

I o d i n e  v a l u e  of e l l  ........................... I 

' B o i l i n g  r a n g e  of p e t r o l e u m  
ether ,  r  

3 5 - 5 9  I 6 3 - 7 0  I 8 8 - 9 8  

! '/ / 
24 .5  23 .9  a i 24 .9  26 ,3  

68.7 71.1 I 68 .2  61.1 

14 .5  15 .4  19.0 / 12 .6  

107.~ 103 .7  i 101 .9  I 96 .7  

a W h o l e  seed s to red  one  y e a r  be fore  g r i n d i n g .  

These oils were viscous green liquids which solidi- 
fied at 5C. The oil extracted in the pilot plant  f rom 
a composite seed sample gave the following character-  
istics in addition to those listed above (in the second 
colmml are ranges reported by other invest igators) :  

Speci f ic  ~ r a v i t y ,  25( ' .  . . . . . . . . . . . . . . . . .  
R e f r a c t i v e  index ,  25C,  ............... ; 
O p t i c a l  r o t a t i o n .  25( ' .  ................ 
Sapon i f i ea t i~m v a l u e  ................... i 
I n s o l u b l e  acids ,  ~/~ ...................... [ 
Vf a ter -sohl l ) le  a (-i(I ~, t 

as  bu ty r i c ,  t/~ .......................... 
Re i ( ,he r t -Meiss l  v a l u e  ................. i 
U n s a p o n i f i a b l e  m a t e r i a l J  ) 'fi ...... i 

I 

0 , 9 5 5 2  { 0 .905  - 0 . 9 7 3 1  
1 . 4 7 6 0  I 1 . 4 7 4 2 -  1 . 4 8 6 0  

i 

(--)2.5~,  [ ( - - ) 1 0 . 7  - ( + ) 9 . 8  
179 .3  t 164 .9  - 209 .9  

93 .0  91 .6  .... 
i 

0 .45  ' . . . . . . . . . .  
3 ,57  i 7 .88  
6,7 i 1 .68  - 7.9 

a n -hexane .  ~ lairds--- ( + )  18.4 ( c h l o r o f o r n l ) .  

Prepa ra to ry  to the pilot plant  extraction 3 snlall- 
scale Soxhlet extractions were made on ground seed, 
air-equil ibrated 4 days, to furnish cri teria for  a 
choice of petrolennl ethers with different boiling 
ranges. Fronl the results (Table i )  one with boiling 
range 63-70C was selected. Data  in this table also 
include an analysis on tiffs same seed sample made 
1 year  later. The whole seed had been stored in a 
canvas bag at room tempera tures  under  relatively dry  
conditions; the moisture content of the seed remained 
essentially unchanged (6.4 and 6.2%).  This type of 
storage appears  to have little effect upon the epoxy 
content;  if  anything,  there was a slight increase on 
storage as evidenced by the oxirane and iodine values;  
alsa, there was no significant change in the free f a t ty  
acid content of the oil p repared  f rom the stored seed. 

The results of the plier p lant  extraction are given 
in Table l I .  The oil obtained was green in eolor and 
stable for 6 months when stored at 5C under  nitrogen. 
However,  storage at room tempera ture  for this length 
of time in a s toppered container without nitrogen pro- 
tection seriously altered its epoxy content ; the oxirane 
oxygen wdue dropped f rom 3.57 to 2.37 ~ ; also, when 
the oil was heated for 19 hr at 102C there was a reduc- 
tion to 2.80~-/~. 1,3-Divernolin (epoxyoleic acid diglye- 
eride),  previously thought to be stearin (10), precipi- 
tated f rom the oil on s tanding at room temperatures .  
The 1,%livcrnolin was pract ical ly insoluble in petro- 
lemn ether at these tempera tures  and was purified 
by washing with this solvent and then recrystall izing 
several times f rom warm solvent (above 350) in which 
it was readily soluble. Isolation of 1,3-divernolin on 

T A B L E  II 

P i l o t  P l a n t  E x t r a c t i o n  of  V. anthelmintica ( L . )  W i t l d .  Seed G r o u n d  
a n d  A i r - E q u i l i b r a t e d  26  D a y s  

(96 .1  k z  w i t h  p e t r o l e u m  edger, bp 6 3 - 7 0 C )  

0 i l  y ie ld  :~ ................................ i 
i 

F p o x , ' o l e i e  ac id  i n  oi l  ( ( .a lc 'd  i 
f ro 'm o x i r a n e  o x y g e n )  ........ i 

F r e e  f a t t y  ac ids  in  oil  I 
( a s  epoxyoleic acid  ) ............ 

1 

k g  2 0 . 4 5  
% 21 .2  

66.1 
% 38.3  

E x t r a c t i o n s  

S o x h l e t  
2 I 3 analysi ,s  ~ 

o~9 -%77 ..--. 
0 .60  0 .20  23 .3  

61 .4  I 58 .3  68 ,9  

42 .8  I 41 .0  i 18 .9  

a T o t a l  Z3.2c/c, i n c l u d e s  1,2cA in m a r c  ( S o x h l e t  a n a l y s i s ) .  
b G r o u n d  seed a i r - e q u U i b r a t e d  4 days .  
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a larger scale as described below was based upon this 
solubility characteristic. 

1,3-Divernolin from Pilot Pla~t Extracted Oil. Hal f  
the oil obtained f rom Ext rac t  1, Table 1I (10.2 kg) 
was dissolved in 40 1 of warm (about 45C) p.e. (bp 
63-70C) and the solution cooled to -18C .  Af ter  stand- 
ing at this t empera ture  overnight, a pre(:ipitate was 
obtained which consisted chiefly of trivernolin, 1,3- 
divernolin, and vernolic acid. I t  was removed by 
filtration, washed with cold solvent and the filter cake 
dissolved in 24 1 of fresh warm p.e. The solution was 
cooled and allowed to stand overnight at about ]0C. 
The precipi tate  formed, ~:hiefly 1,3-divernolin, was 
filtered off at this temperature ,  leaving a large pro- 
port ion of tr ivernolin and vernolic acid in the mother 
liquor. This mother  liquor was reserved for the prep- 
arat ion of tr ivernolin and vernolic acid described be- 
low. The filter cake was dissolved in about 20 1 of 
solvent, the t empera ture  mainta ined at about 45C 
while the solution was t reated with a mixture  of 16 
g of each of carbon (Darco G-60), filter aid (Super-  
Cel), magnesium silicate (Florisi l) ,  and anhydrous  
sodium sulfate, and filtered before cooling below 35C. 
The clear filtrate was allowed to stand overnight at 
about 10C for precipi ta t ion of 1,3-divernolin. The 1,3- 
divernolin was filtered off and reerystallized f rom 
about  7 1 of solvent, c lar i fying as previously described. 
The dried purified 1,3-divernolin obtained weighed 
547 g, 5.37% of the oil, 1.14% of the seed on a mois- 
ture  free basis;  it melted at 55C and appeared  to be 
99.0% pure  based upon oxirane oxygen value;  it con- 
tained 0.15% F F A  calculated as vernolie acid; theory 
for glycerol di-(epoxyoleie) ester, CagH~sOT, tool wt 
648.97, oxirane oxygen 4.93%, I.V. 78.2, vernolic acid 
recovery 91.4%, carbon 72.18%, hydrogen 10.56%; 
found:  oxirane oxygen 4.88%, I.V. 78.6, vernolic acid 
recovery f rom saponification 92.1%, carbon 72.00~,  
hydrogen 10.76%, [ ~ ] ~ - - -  ( + )  4.64 (chloroform).  

The X- ray  pa t t e rn  for 1,3-divernolin showed a single 
phase with long spacing at 45.9 • 0.2 A. The I.R. 
spectra for  1,3-divernolin are shown in Fie'ure 3. 

Vernolic Acid from Pilot Pla)~t Extracted Oil. The 
mother  liquor of about 26 1 f rom the prepara t ion  of 
1,3-divernolin above was cooled to - 1 8 C  overnight.  
The precipi tate  was filtered off and washed at this 
t empera ture  with cold solvent and redissolved in suf- 
ficient wa rm solvent to make 25.4 1 of p.e. solution. 
Analysis  showed that  vernolie acid had not satisfac- 
tori ly separated f rom trivernolin. A sat isfactory par-  
t i t ioning technique follows: a 7-1 aliquot (equivalent 
to 13.2 kg of seed, 2.81 kg of pilot plant  extract  having 
an acidity equivalent to 577 g of vernolic acid) was 
shaken with methanolie alkali solution. This phase 
contained NaOH equivalent to the F F A  present (97.3 
ml of 20 N alkali diluted to 1120 ml with water  and 
sufficient methanol added to make 2800 ml;  this gave 
a methanol content of 60%).  Sharp  par t i t ioning oc- 
curred rapidly.  The p.e. layer was reserved for  the 
isolation of t r ivernol in described later. The aqueous 
phase was washed with 1 1 of p.e. which was discarded. 
The aqueous phase was then shaken with a mixture  
of 6 1 of p.e. and 224 ml of acetic acid (2 molar 
equivalents).  Par t i t ion ing  was sat isfactory and the 
aqueous layer  was discarded. The p.e. solution was 
washed 4 times with 3-1 portions of 1% acetic acid 
solution followed by the same with water. I t  was 
dried over anhydrous  sodium sulfate, clarified with 
20 g of carbon, filtered and cooled to -20C.  The 
vernolic acid was filtered off, washed at - 2 0 C  with 
p.e. and the solvent removed to give 407 ,,. of prod- 

uct, 14.5% of the oil, 3.1% of the seed on a moisture 
free basis. The freezing point of the vernolie acid was 
29.8C and its pur i ty  was 93.7% based upon the oxirane 
oxygen value;  theory for vernolic acid, ClsH32Oa, tool 
wt 296.45, oxirane oxygen 5.40%, I.V. 85.6; found:  
5.06%, 87.6, [~]'-': '-- (+ )  2.01 (n-hexane) .  The I. R. 

D 

spectrmn for vernolic acid is shown in F igure  3. 
Triver~wlitt from Pilot Pla~tt Extracted Oil. The 

p.e. layer reserved f rom the prepara t ion  of vernolic 
acid above was washed twice with 0.8-1 portions of 
an aqueous solution (6091 methanol containing 0.1 M 
sodium carbonate and sodium acetate) and 3 times 
wi th  wa te r .  These  washes  c o n t a i n e d  on ly  sma l l  
amounts of lipoid nmterial  and so were discarded. 
The p.e. solution was clarified with a mixture  of 12 
g each of carbon, magnesium silicate, filter aid, and 
anhydrous  sodium sulfate;  it was filtered and diluted 
to 11 1 with solvent, followed by overnight crystal- 
lization at -18C.  Af ter  an addit ional low-temper- 
ature recrystall ization the yield of t r ivernol in was 
350 g, 12.5% of the oil, 2.7% of the seed on a mois- 
ture free basis. I t  melted at 25C, contained less 
than 0.1% F F A  and had a pur i ty  of 95.6% based 
on oxirane oxygen value;  theory for Ca~HgsOg, mol 
wt 927.41), oxirane oxygen 5.18%, I.V. 82.1; found: 
4.95c4, 82.7; [~]2~ = ( + )  2.01 (n-hexane.) See Fig- 
ure 3. 

Triver~wlin from Enzyme Inactivated Seed. Ex- 
perience in the pilot p lant  extraction suggested the 
presence of a hydrolyt ic  enzyme system capable of 
rap id ly  convert ing the glyeerides present  to F F A  
af ter  the seed is ground. This can be controlled by 
a) rapid  extraction immediately af ter  grinding, or 
b) heat t rea tment  of the seed before grinding. 

a) Rapid Extract ion.  Freshly  ground seed, 132 g 
(6.2% moisture) ,  was immediate ly  extracted 5 times 
with 200-ml portions of hot p.e. (bp 35-59C) decant- 
ing each extract  through an asbestos filter pad by 
suction filtration. The mare  was finally washed onto 
the pad with hot solvent; the elapsed time f rom s tar t  
of gr inding to completion of extraction was 90 rain. 
Ex t rac t s  and wash were combined and the solvent 
evaporated to give 25.3 g of a light yellow oil, 20.7% 
yield on a moisture free basis, having a F F A  content 
of 1 .9~,  oxirane oxygen value of 3.89%. A yield of 
57% tr ivernolin f rom the oil was obtained following 
a separat ion as described under  b). 

b) Hea t  Inactivation.  Most recently the enzyme in 
the seed has been inact ivated by heat t rea tment  pr ior  
to grinding. This is preferable  if an oil containing 
tr ivernolin as the major  component is desired. Whole 
seed (unground,  moisture content 7.9%) was auto- 
claved about 35 rain at 116C and 10 psi pressure. The 
seed was then ground and 2131 g (moisture 9.0%) 
was extracted with p.e. (bp 35-59C) 6 times at room 
tempera tures  using approximate ly  20 1. The light 
yellow oil weighed 410 g, 21.1% yield on a moisture 
free basis. I t s  oxirane oxygen value was 3.85%, I.V. 
104.7 and F F A  1.0%.. The tr ivernolin was obtained 
by adding 4 1 of p.e. to dissolve 395 g oil. The solu- 
tion stood overnight at about 3C and was filtered; 
only traces of solids were removed, indicating the 
absence of 1,3-divernolin. About  2 1 of solvent were 
added to the filtrate to give a solvent:solute ratio 
of about 15:1. The tr ivernolin was crystallized at 
- 20C ,  separated by filtration, washed with p.e. at  
-20C,  and the solvent remaining on the filter cake 
evaporated off under  vacuum. The yield of tr iver- 
nolin (rap 25C, liquid at room temperatures)  was 
218 g, 55.2~ of the oil, 11.7% of the seed on a mois- 
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FIG. 3. Infrared spectra of vernolic acid, trivernoKn, and 1,3-divernolin. 

ture free basis; the F F A  content was less than 0.2% 
and pu r i ty  was 96.6% based on an oxirane value 
of 5.00%. F r o m  the combined mother liquor and 
wash, 140 g of solids were obtained by evaporat ion;  
these had an oxirane oxygen value of 2.13% which 
calculates to 55.3 g of vernolic acid (14.0% of the 
oil), potential ly available f rom hydrolysis  of these 
mixed esters. 

Discussion 
The high F F A  (38.3-42.8%) of the oil obtained in 

the pilot p lant  extracts (Table I I )  p repared  f rom 
ground seed which had been inadver tent ly  stored 26 
days await ing late arr ival  of solvent was ra ther  star- 
t l ing in view of the Soxhlet analysis value (19.0%) 
on the same seed sample air-equil ibrated only 4 days. 

Up to this t ime variance in the F F A  content of 
Y.  a n t h e l m i n t i c a  seed oils was thought  to be a charac- 
teristic of different seed accessions produced under  a 
var ie ty  of growing conditions. This was the first evi- 
dence of the presence of a hydrolyt ic  enzyme in the 
seed, highly active only af ter  grinding, a fact which 
has now been confirmed with different accessions of 
seed. 

Separat ion of 1,3-divernolin f rom tr ivernolin and 
vernolie acid depends upon abrup t  changes in temper-  

ature of petrolemn hydrocarbon solut ions 1,3-Diver- 
noun becomes highly soluble above 32-35C and is 
par t ia l ly  soluble at 25C; it is ahnost completely in- 
soluble at 18C. I t  is crystallized at about 3-12C since 
other lipoid components remain in solution in this 
t empera ture  range and the 1,3-divernolin may  be 
washed here where dilution is not critical. Triver-  
nolin is highly soluble at 3C but  crystallizes at about 
- 4  to -15C .  I t  is usually collected at --18 to - 2 2 C  
where the solubility is estimated to be only about 2 g 
per 1. The temperature-solubi l i ty  behavior of vernolie 
acid is similar to t r ivernol in;  it was crystallized f rom 
p.e. by Smith ct a l. (22) at - 10C ,  but in these investi- 
gations, at - 2 0 C  to allow higher dilution and thor- 
ough washing;  this is especially needed because the 
filter cake is highly solvated. I f  the F F A  is under  
2%, t r ivernol in crystallizes essentially free f rom acids 
in one crystall ization and in several reerystaIl izations 
if the figure is as high as 8%. When the F F A  con- 
tent is higher it is necessary to separate  tr ivernolin 
f rom vernolie acid by par t i t ioning with alkali as pre- 
viously described. Precursors  of unsaponifiable ma- 
terial in the oi! are soluble in p.e. at - 2 0 C ;  only 
0.04~ is found in t r ivernolin af ter  crystallization 
f rom the oil, 17.5% in the mother  liquor. 
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i f  oil of high tr ivernolin content and low F F A  (2 
to 5%) is desired, it can be obtained by immediate 
extraction of the seed af ter  grinding. The quant i ty  of 
F F A  present in the oil will depend upon how rapidly  
these operations are performed.  Oils of lower F F A  
can be p repared  if the lipolytie enzyme in the seed is 
inactivated. Studies are in progress related to a) the 
control of this enzyme's  act ivi ty (49) and its specific- 
i ty in the hydrolysis  of t r ivernolin and other glyeer- 
ides, and b) the act ivi ty of the oxidative enzymes 
present  in the seed. 

Concerning the proton nlagnetie resonance spec- 
t r um of the t r ivernolin prepared  as described above 
under  the subject "Tr ive rno l in  f rom Enzyme Inacti-  
vated Seed , "  C. Y. I-Iopkins has stated in a com- 
munication:  " T h e  tr ivernolin spect rum is that of a 
pure  monounsatura ted  tr iglyeeride with the addition 
of the epoxy r ing peak at about 7.2 T." 

I f  vernolie acid is the only product  desired the 
method of handling the seed is not critical and direct 
saponification of the oil seems advisable, using the 
technique described by Smith et al. (22). Acetic acid 
appears  to be a more sat isfactory neutral izing agent  
for  the soaps carrying the process out at p H  5 in the 
cold. Vernolie acid of about 95% pur i ty  on the basis 
of oxirane oxygen value is obtained with two crystalli- 
zations at - 2 0 C  where the product  is washed with 
cold solvent by s lurry  and decantation. No improve- 
mea t  in quali ty is obtained either by urea complex 
fract ionat ion or by hexane-acetonitrile solvent part i-  
tioning or by a combination of both. 

1,3-Divernolin appears  to be present  in the oil only 
under  conditions where the enzyme is allowed to re- 
main active af ter  gr inding the seed. At the present 
wri t ing the opt imum conditions for 1,3-divernolin pro- 
duction f rom V. an the lmin t i ca  are not known nor has 
any  monoglyeeride been isolated. 

The analytical figtlres previously given were cor- 
rect for either a 1,3- or 1,2-divernolin and suppor ted  
the conclusion that  the product  former ly  thought  to 
be stearin (10) was a diglyceride. The compound 's  
migrat ion characterist ics on thin-layer chromatogra-  
phy  have been checked in comparison with 1-mono- 
palmit in  and 1,3-dipahnitin. Since it migrated to a 
position intermediate to these two s tandards  as shown 
in F igure  4 it appeared  to be a divernolin. 

I t  is to be noted in F igure  3 that  the I.R. spectra 
of a crystalline film and a dilute solution of 1,3- 
divernolin differ markedly.  Probably  the differences 
are to a large degree caused by a greater  freedom to 
form rotat ional  isomers in the solution state, a be- 
havior common for long chain molecules. Thus, in 
the solid state the characteristic oxirane group bands 
in the 820-850 em -1 region are sharper  and more in- 
tense, numerous bands occur between 1100 and 1400 
cm 1, and the usual fo rm of the CII2 rocking band 
(at  721 cm -1 in the solution state) seenls replaced by 
a band at 708 em -1. In  the crystalline state the ear- 
bonyl band is split into two components at 1731 and 
1709 em -1. The ratio of ester earbonyl  groups to 
hydroxyl  groups is 2 to 1, and apparen t ly  the 1709 
em -1 band can be explained as that  of the portion of 
the carbonyls that  is influenced by hydrogen bonding 
which conceivably could be by way of a 7-membered 
r ing f rom the hydroxyl  hydrogen, a 5-membered r ing 
to the oxygen adjacent  to a carbonyl, or various forms 
of intermoleeular  bonding. 

Inf ra red ,  X-ray,  and nuclear magnetic resonance 
data all supported the conclusion that  the divernolin 
isolated was the 1,3-isomer. In  solution spectra there 

4b 

Q 

. . . .  ;)~; ; 

__ I II UI_ I 

]FIG. 4. Thin-layer ehromatogram showing " a "  1-monopal- 
mitin, " b "  1,3-dipahnitin, and " e "  1,3-divernolin. The ehro- 
matogram was developed with 20% diethyl ether and 1% aeetie 
acid after spraying with 50% sulfuric aeid. The reproduction 
was obtained by direct photocopy of the plate. 

was no I.R. band at 9.50 ~ (F igure  3) as described 
for 1,2-diglyeerides (50), but definitely one at 9.67 
near 9.64 ~ as described for 1,3-diglyeerides. The OH 
stretching region of the divernolin was compared with 
a number  of reference grade 1,2- and 1,3-digtyeerides 
with a high-resolution gra t ing  spectrometer,  and the 
pa t te rn  was like that  of the 1,3-type. In  X- r ay  an- 
alysis the 1,3-divernoliu was shown to be of a single 
phase with a long spacing of 45.9 A, close to that  of 
45.2 A reported for  1,3-dilinolein (51). In  two inde- 
pendent nuclear nlagnetie resonance studies one peak 
was fomld corresponding to the 4 magnetical ly equiv- 
alent protons on the 1- and 3-carbon atoms of the 
glyceryl unit. This peak was alike in the 1,3-diver- 
nolin and in the 1,3-dipalmitin. I t  was easily dis- 
t inguished from a greater  nmnber  of unequivalent  
glyeeryl protons as in 1,2-dipahnitin. Fur thermore ,  
in the 1,3-divernolin there was no perceptible peaks 

( 
fronl unesterified -CIt._,-O- or esterified H C - O -  as in 

I 
1.2-dig]ycerides. 
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The Nature of the Polycthenoic Fatty Acids o{ 
Butter Fat 1,2 
K. SAMBASIVARAO and J. B. BROWN,  Department of Physiological 
Chemistry, The Ohio State University, Columbus, Ohio 

Abstract 
Methyl C18 polyenoate concentrates were pre- 

pared from two samples of butter fat by low 
temperature crystallization and fractional dis- 
tillation. The concentrates were fractionated Oll 
a silieie acid column and the resulting' fractions 
were analyzed by ultraviolet and infrared spec- 
trophotometrie methods. About 42 and 3 0 ~ ,  re- 
spectively, of the non-conjugated dienoate in the 
two samples were shown to have the cis,trans 
configuration. Fractions rich in dienoate and 
trienoate were prepared from the Cls polyene 
concentrates by silieie acid chromatography and 
the nature of these acids was studied by bromi- 
nation, lipoxidase enzyme methods, and by alkali 
isomerization for varying periods of tilne. About 
65 and 73%, respectively, of the non-conjugated 
dienoate in the two samples investigated were 
found to consist of linoleic acid while 79 and 7 1 ~  
of the trienoate were linolenie acid. Linoleic and 
linolenic acids were identified by preparing the 
characteristic tetra- and hexabromostearic acids. 
A trans,trans isomer of linoleie aeid does not 
seem to be present in butter fat. A major pro- 
portion of the non-conjugated dienoie acid other 
than linoleic acid was found to have widely sep- 
arated double bonds with cix,trans eonfiguration. 
Occurrences of a C1~ saturated acid, a branehed- 
chain C17 saturated add, and a heptadeeenoic 
acid were indicated by gas chromatography. 
From a dissertation suhmitted by K. Sambasivarao to the Ohio 

State University in partial fulfithnent of the requirements for ~i~e Ph.D. 
deg'ree, Jane,  1960. 
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Introduction 

B UTTER FAT is one the most complex of all animal 
fats, lnore t han  25 fatty acids having been ideuti- 

fled. However, the nature of the Cls polyethenoic 
acids, particularly the dienoic, has not been ful ly  
characterized. Eekstein (1) reported small amounts 
of linoleie and linolenie acids. Many workers were 
unable to find any linoleic acid (2 -8 ) ,  because of 
failure to isolate either a petroleum ether-insoluble 
tetrabromide or the tetrahydroxystearie acids, which 
are characteristic deri'~atives of linoleic acid. Green 
and Hilditeh (4) and Brown (9) suggested that the 
oetadecadienoie adds of butter fat are principally 
composed of  geomet r i c  (cis,tra,~s or tra,ts,cis) i somers  
of l inoleie  a d d .  Later White and B r o w n  (10) re- 
ported the isolation of petrolemn ether-insoluble tet- 
rabromides f rom Cls polyenoic add concentrates of 
butter fat. On the basis of tetrabromide yield they 
reported that 66 and 7 5 ~  of the oetadecadienoie 
acids were linoleic acid. Shorland (8) reported that, 
while the octadecatrienoie acid is composed entirely 
of linolenie acid, the oetadeeadienoie acids from the 
New Zealand butter fat are principally composed of 
isomers of linoleic acid. In view of these divergent 
reports, it seemed important to reinvestigate the na- 
ture of the C13 polyethenoic acids of butter fat. 

Experimental 
Materials. The two specimens of sun lmer  butter 

fat used in the present investigation were kindly sup-  
p l ied  by the Pickaway Dairy Co-operative Associa- 
tion hie. ,  Circ levi l le ,  Ohio and the Department of 
Dairy Technology of the Ohio State University. One 
of these was received in the smnmer of 1956 (this 
will hereafter be referred to as SB-56) while the 


