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TABLE I I I  

Analysis of Natura l  Monoglyceride P repa ra t ions  

TLC 

Safflower .................... 60.8 
Menhaden .................. [ 58.5 
L a r d  ........................... ~ 60.8 

Crade  ] Refined a 

P ~ : e  M o l '  2r ~ e ; o d a t e  
a l y s i s  d i s t ~  distl _. analysis  

52.0 16.9 50.2 51.6 

a Silicic acid column or 25% ttO1 t reatment .  

an ideal technique for the analysis of these compounds. 
First ,  because of the relatively large differences in 
polar i ty  between these compounds, they are readily 
separated. The method is fast  and simple even when 
it is necessary to pe r fo rm a pre l iminary  hydrogena-  
tion, and it can be carried out on a micro-scale with 
a high degree of accuracy and precision. I t  is ex- 
t remely sensitive and pernlits the routine analysis of 
~- and fi-luonoglyeerides and 1,2- and 1,3-diglyeerides. 

washing operation, because values obtained on the 
refined products  agreed well with those obtained by 
periodate analysis. The crude prepara t ions  were re- 
fined by t rea t ing  them with 25% HC1 or passing 
them through a column of silicic acid, using ethyl 
ether as the solvent for  the elution. About 2cA of 
the sanIples remained on the colulnll in the lat ter  
technique, including most of the pigments. The main 
effect of these t rea tments  appeared to be ill the re- 
moval of the traees of materials  that  catalyzed dis- 
proport ionation.  

TLC values for  monoglyeeride are slightly higher 
than the periodate oxidation values (~-mouoglyeeride 
content) because they represent  total  monoglyceride 
content. The difference between the periodate values 
for  monoglyeeride content and the TLC values rep- 
resents the amount  of fl-monoglyceride in these prod- 
ucts. The amount  of fl-monoglyceride also may be 
determined direct ly by TLC analysis a f ter  oxidizing 
the a-monoglycerides with periodic acid (11). 

Although molecular distillation may  be used for 
the analysis of mono-, di-, and triglycerides,  provided 
no substances are present  which cause disproport ion- 
ation, TLC has a number  of features  which make it 
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Naturally-Occurring Epoxy Acids. 
Their Isolation '2 

III Methods for 

L.J. MORRIS, H. HAYES, and R.T. HOLMAN, The Hormel Institute and Department of Physiological Chemistry, 
University of Minnesota, Austin, Minnesota 

T h e  a d a p t a t i o n  o f  a w i d e  r a n g e  o f  i s o l a t i o n  m e t h o d s  to  the  
s e p a r a t i o n  o f  e p o x y  c o m p o n e n t s  f r o m  s e e d  oi ls  h a s  b e e n  a c c o m -  
p l i s h e d .  T h e  a p p l i c a t i o n  o f  t h e s e  m e t h o d s  to  s a m p l e s  r a n g i n g  
f r o m  n f e w  m i c r o g r a m s  t o  50 g .  or  m o r e  h a s  b e e n  c o n s i d e r e d ,  
a n d  r e c o m m e n d a t i o n s  as  to  t h e  m o s t  s u i t a b l e  m e t h o d s  f o r  spe-  
cif ic s a m p l e  s izes  a r e  m a d e .  lVIost o f  t h e  p r o c e d u r e s  d e s c r i b e 4  
a r e  e q u a l l y  s u i t a b l e  f o r  t h e  i s o l a t i o n  o f  h y d r o x y  a n d  o t h e r  
o x y - a c i d s  a n d  e s t e r s .  S o m e  o f  t h e m ,  in  c o n j u n c t i o n  w i t h  g a s -  
l i q u i d  c h r o m a t o g r a p h y ,  p r o v i d e  m e t h o d s  f o r  t o t a l  a n a l y s i s  o f  
o i l s  c o n t a i n i n g  o x y - a c i d s ,  w M c h  a r e  more a c c u r a t e  a n d  con-  
v e n i e n t  t h a n  c u r r e n t  a n a l y t i c a l  m e t h o d s .  

S 
INCE THE RECOGNITION by Gunstone in 1954 of the 

first known natural ly-occurr ing epoxy acid (1) 
several other na tura l  epoxy acids have been de- 

scribed (2-7) .  The number  of known sources of these 
and  possibly other epoxy acids is rap id ly  growing 
(8-16) ,  and the possibility that  these acids may  have 

1Presen ted  at  34th fall meeting, American Oil Chemists' Society, 
New York, October 17-19,  1960. 

2 Supported by gran t s  from the Hormel  Foundat ion  and  the National 
Ins t i tu tes  of Heal th  (Research  G r a n t  No. H-3559) .  

some biological inlportance is now being recognized 
(1,3,14). Par t s  [ and I I  of this series delineate pro- 
cedures for the detection and estimation of epoxy 
components of biological samples (14,15). This paper  
describes methods for  their  isolation. 

The isolation of two na tura l  epoxy acids f rom 
various oils by  countercurrent  distr ibution and /o r  
crystall ization has been repor ted (5,6,10,15). How- 
ever, in view of the many  excellent methods now 
available for the separat ion of f a t ty  acids and esters, 
it seemed probable that  these procedures were not the 
most suitable. This work was under taken to adapt  
other methods to the isolation of epoxy acids or esters 
and to compare their  efficiency and convenience for 
various sample sizes. I t  should be noted that  most of 
the methods described are only for the isolation of 
epoxy components as a class and, if a mixture  is 
present,  will only par t ia l ly  separate  individual  epoxy 
acids or esters in that  class. Fu r the r  modifications 
will be required to isolate individual  components 
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f rom such a mixture.  However  most of the na tu ra l  
sources of epoxy acids, thus fa r  investigated, contain 
only one epoxy component (1,3,5-10), which could 
be isolated in a pure  state by these methods. 

Materials and Methods 

The mixed esters f rom Vernonia anthelmi,ntica seed 
oil, which contains more than  70% of cis-12:13-epoxy- 
oleic acid (1), were used for  evaluating the methods. 
The acids were obtained by saponifying the oil at  
room temperature ,  as described by Hopkins  and Chis- 
holm ( I0 ) ,  and acidifying the saponifiable port ion of 
the hydrolysate  with dilute hydrochloric acid at 0~ 
To minimize cleavage of epoxy groups acidification 
was carried out to p H  5, and the f a t t y  acids were 
immediately extracted with ether (16). The mixed 
acids were subsequently esterified with excess diazo- 
methane, and the esters were stored under  ni trogen 
at - 3 0 ~  All operations dur ing the prepara t ion  of 
the mixed esters and in the various separat ion pro- 
cedures were carried out under  ni t rogen to minimize 
oxidation. 

Fract ions  were monitored almost exclusively by 
thin-layer chromatography  (TLC) ,  using either 5% 
or 10% diethyl  ether in hexane as an eluting solvent 
(14). P u r i t y  of the final product  was assessed by  the 
same procedure.  A pu r i ty  of more than 99% of epoxy 
component  was assumed when only an " e p o x y "  spot 
was appa ren t  on TLC of a sample of 1 rag. or more. 
A sample of epoxyoleate, isolated f rom Vernonia 
esters by  adsorption chromatography  (vide infra, I V  
[b] ) and judged pure  in this way, had the following 
propert ies:  

Analysis 
Found,  carbon, 73.57%; hydrogen,  11.00%. 
Theoretical,  carbon, 73.56 % ; hydrogen, 10.97 %. 
Oxirane oxygen (17), 5.15%; theoretical, 5.16%. 

-~5o = 1.4589 ; dispersion, nf-nc = Refract ive index hi) 
0.00896. 

The pu r i ty  of this ester was fu r the r  established by 
GLC, which gave a single symmetr ical  peak (14). 

~ 
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Fro. 1. Temperature/welght curve of fractions obtained by 
distillation of 10.7 g. of Vernonia esters on a whirling band 
column, along with a reproduction of paper ehromatograms of 
the fractions. Solvent system for paper chromatograms was 
50% aqueous acetonitrile. 

Results 

I. Distillation. Vernonia ester samples (10-50 g.) 
were f ract ional ly  distilled through a whirl ing band 
column. 3 F igure  1 shows the we igh t / t empera tu re  
graph  of one such distillation. The fractions in this 

T A B L E  I 

Analyses  of ge,'nonia Mixed  E s t e r s  by  Seve ra l  ~Ie thods  

14:0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 5 : 0  ......................................... 
1 6 : 0  ......................................... 
1 7 : 0  .......................................... 
1 8 : 0  .......................................... 
20:0 .......................................... 
2 1 : 0 ( ? )  ................................... 
1 6 : 1  ......................................... 
1 8 : 1  .......................................... 
1 8 : 2  .......................................... 
1 8 : 3  ......................................... 
E p o x y  18 : 1 ............................... 
H y d r o x y  etc. ............................. 

A B 

St. 

t r .  l 2.9 
t,'. 3.6 

1.4 I 0.2 
(?) 

tr, t 2.0 
9.0 12.2 

(?) 
78.4 78.5 

5.9 5.7 

:i 
tr ,  

1.1 
0,2 
0.2 
tr .  

2.1 
8.6 
0.4 

78.6 
6.0 

D 

tr ,  
t r .  

3.3 
tr .  

1.5 
0,3 
(?) 

t r ,  
3.2 

10.3 
0.4 

80.6 
no t  

m e a s u r e d  

Columns  A and  C r e p r e s e n t  p e r c e n t a g e  of compos i t ions  ob ta ined  by  
s e p a r a t i o n  of  nonoxygena ted  esters ,  epoxy ester,  a n d  h y d r o x y  es ters  by  
pa r t i t i on  c h r o m a t o g r a p h y  ( I I I e )  and  adso rp t ion  c h r o m a t o g r a p h y  ( I V b ) ,  
respect ive ly ,  and  subsequen t  gas- l iquid  c h r o m a t o g r a p h i c  ana lys i s  of t h e  
nonoxygena t ed  es ters .  Columzt B r ep r e sen t s  the  w e i g h t  p e r c e n t a g e s  of 
t h e  f o u r  g r o u p s  of es ters  s e p a r a t e d  by  r eve r sed -phase  p a r t i t i o n  chroma-  
t o g r a p h y  ( I I I d ) .  Column D is t h e  r e s u l t  obta ined  by  G L C  ana lys i s  of 
Yzrnonia total mixed  es ters .  

case were monitored by paper  chromatography  (14), 
but  a sample of the distilled cpoxyoleate was subse- 
quent ly also judged to be pure  by TLC and GLC. 

This distillation was completed in less than  6 hrs., 
and this short  time may  be the reason for the absence 
of a less polar  degradat ion product  which was en- 
countered in other, slower distillations. The yield of 
pure  methyl  epoxyoleate, comprising fract ions 8-16, 
was 4.2 g., amount ing  to 39.3% of the original charge 
of 10.7 g., and 50% of the epoxyoleate in Vernonia 
esters (eft Table I ) .  Oxirane oxygen values of 5.14, 
5.13, 5.15, and 4.92 (theory, 5.16) were obtained for  
Fract ions  8, 12, 15, and 16, respectively, by the method 
of Swern et al. (17). 

I I .  Urea Complex Fractionation. A sample of ap- 
proximate ly  1 g. of Vernonia mixed esters and 4 g. of 
Ver.nonia nonoxygenated esters was dissolved in 100 
nil. of methanol and 3-g. portions of urea  were added. 
Af te r  each addition the mixture  was heated to dis- 
solve the urea  and cooled to room temperature .  Af te r  
addit ion of three portions of urea  the first crop of urea  
complex crystallized and was filtered. A fu r the r  3-g. 
port ion of urea was added to the filtrate which was 
heated, cooled, and filtered again, and this was re- 
peated to give five urea  complex fractions. These and 
the final filtrate were monitored by TLC and analyzed 

a Mini-cal  w h i r l i n g  hel iband column,  Podb ie ln i ak  Inc . ,  D iv i s ion  of 
D r e s s e r  I n d u s t r i e s ,  Chicago,  Ill. 

~//..-.a 

I I I I I  
IIIII 

| 
FRACT I 2 3 

043  045 052 
4 

150 

D I6:0 

N t8:0 

H I S :  I 

[ ~ 1 8 : 2  

~ EPOX' 

5 FILTRATE 
I.IO 053 q. 

FIG. 2. Weight and composition of esters obtained by fractional 
crystallization, as urea complexes, of ca. 6 g. of esters containing 
ca. 10% of epoxy oleate. ~lalyses were carried out by GLC on 
an Apiezon L packed column, having a fl-ionization detector. 
Compositions shown are percentages of total area under the 
GLO curves. 
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Fro. 3. Weight  distribution curve and thin-layer chromate- 
gram of fract ions obtained by part i t ion chromatography of 
440 mg. of Fernonia  esters, with aeetonitrile as stat ionary phase 
and hexane as mobile phase. The chromatogram was developed 
with 5% ether in hexane. 

by GLC. The result is i l lustrated schematically in 
F igure  2. Although excellent fractionation of the 
nonoxygenated esters has been achieved, the hope of 
concentrating epoxyoleate in the filtrate has not been 
realized. This ester, in fact, has been shown to have 
complexing properties roughly equivalent to those of 
methyl oleate. 

III .  Partition. Several methods involving part i t ion 
between two phases were studied, and epoxy esters 
were separated from samples of a few micrograms up 
to more than 100 g. by such procedures. 

a) Gas-liquid chromatography has been used for 
studies of epoxy esters (4,5,14), and this procedure is 
suitable for  their  isolation. The detection system, of 
course, must be such that  components are not de- 
stroyed and they may then be isolated by passing 
the eluent gas through solvent maintained at a low 
temperature.  Under suitable conditions epoxy corn- 

mq. n 

2 0 0  

I00 

I 

�9 �9 . . . .  ~ . . . .  , . . . . . .  

I 5 I0 15 
FIG. 4. Weight  distribution curve and thin-layer chromate- 

gram of fractions obtained by reversed-phase partit ion chroma- 
tography of 317 mg. of Fernonia  esters with iso-octane as sta- 
t ionary phase and acetonitrile as mobile phase. Chromatogram 
was developed with 5% other in hexane. 

ponents were isolated from the colunm unaltered in 
any way (5,14). 

b) Paper  chromatography may be similarly used 
when only small samples are available. Using meth- 
ods already described (13), epoxy acids or esters were 
readily separated from other components and, af ter  
locating the spots with iodine vapor, these were cut 
out and the epoxy components were eluted from the 
paper with solvent. 

e) Par t i t ion chromatography was carried out on a 
27 x 1.5 cm. column of 60-80 mesh, acid- and alkali- 
washed Celite (14 g.) with aeetonitrile as the station- 
ary phase. Hexane, equilibrated with acetonitrile, 
was passed through the column until  phase equilib- 
rium was reached, and a sample of Ver~w~ia esters 
(440 mg.) was added and eluted with the same sol- 
vent at a flow rate of 2 ml./minute.  Fractions of 
10 ml. each were collected, monitored by TLC, and 
weighed. F igure  3 shows the weight curve of the 
fractions from this separation superimposed on a 
reproduction of the thin-layer chromatogram show- 
ing their composition. Pure  epoxyoleate (337 rag., 
76.6% of the total sample) was obtained from Frac- 

m( 

500 

N ~ m  

�9 �9 �9 , �9 o ~ �9 �9 o �9 �9 , . ~ ~ �9 �9 �9 �9 o 

HI HsE20 EIO E l 
FIG. 5. Weight distribution curve and thin-layer chromate- 

gram of fract ions obtained by countercurrent distribution, in a 
series of five separatory funnels,  of 5 g. of Yernon ia  esters 
between hexane and 80% ethanol. Chromatogram was devel- 
oped with 10% ether in hexane. 

tions 5-9, and the small amount  of epoxyoleate in 
Fract ion 4, estimated by TLC to be 8 rag., raises 
the proportion of methyl epoxyoleate in the original 
mixed esters to 78.4%. Unoxygenated esters amounted 
to 15.7%, and material not recovered from the column 
(26 mg., 5.9%) consisted of more polar hydroxy  esters 
(vide infra, I I I  [d] and IV [b]) .  Gas-liquid chro- 
matographic analysis of Fract ions 3 and 4 permit ted 
a complete analysis of the mixed esters to be effected 
(Table I ) .  

d) Reversed phase part i t ion chromatography was 
carried out on a 30 x 1.5 cm. column of 60-80 mesh 
Celite (15 g.), which bad been made hydrophobic 
by exposure to the vapors of dichlorodimethylsilane. 
iso-Octane was the s tat ionary phase, and acetonitrile, 
equilibrated with iso-octane, was passed through the 
column until  phase equilibrium was reached. Vernonia 
esters (317 rag.) were added and eluted with equili- 
brated acetouitrile at a flow rate of 2 ml./minute.  
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The results are shown in Figure  4. Fractions 1 and 2 
contained hydroxy esters (18 mg., 5.7%) and Frac- 
-tions 4-6 were pure epoxyoleate (249 nag., 78.5%). 
The nonoxygenated esters were apparent ly  separated 
into unsaturated esters (Fractions 8-11) and satu- 
rated esters (Fract ions 13-16) containing 12.0% and 
3.8% of the total mixed esters. These values agree 
well with those found by GLC analysis of other sam- 
ples (cf. Table I ) .  

e) Countercurrent  distribution. A sample of Vcr- 
n o n i a  esters (5.0 g.) was dissolved in 100 ml. of hexane 
equilibrated with the polar solvent in the first of a 
series of five 250-ml. separatory funnels. To each of 
the other four funnels were added 100 ml. of equili- 
brated hcxane. Portions of 100 ml. each of a polar 
solvent, equilibrated with hexane, were then passed 
through the series and equilibrated with the nonpolar 
phase at each step. 

The hexane/80% ethanol partit ion shown in Figure 
5 resulted in separation of 3.46 g. of pure epoxyoleate 
(69.2% of the sample or 87.6% of the epoxyoleate 
present) in Fractions E5-E20  and Fract ion H5. A 
fur ther  five portions of polar phase passed through 
the system would probably have resulted in ahnost 
complete separation of the entire epoxy component. 

mq. 

600 

0,I ~ 

�9 " �9 Q IIIIOQ - - 

mq 

4OO 
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j 
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FRACTION 15 I 

FIG. 7. Weight distribution curve and thin-layer chromato- 
gram of fractions obtained by adsorption chromatography of 
5 g. of Vernonia esters on silica gel. Fractions 1-10 were 50 
ml. each of 3% ether in hexane; Fractions 11, 12, and 13 were 
750, 500, and 400 ml., respectively, of the same solvent; Frac- 
tion 14 was 300 ml. of 5% ether in hexane and Fraction 15 was 
150 ml. of pure ether. The ehromatogram was developed with 
5% ether in hexane. 

b) Column chromatography on silica gel or silicic 
acid has been used extensively in this laboratory for 
the isolation of epoxy and hydroxy esters from t h e  
mixed esters of seed oils in amounts ranging from a 
few milligrams to 25 g. by using colunms of a suitable 
size. 

As an example, the separation of epoxyoleate from 
a 5.0-g. sample of V e r u o ~ d a  esters will be described. 
The column used contained 75 g. of silica gel (60-200 

. . . . . . . .  ~ �9 

H I H 5 A 5 AI 
:FIG. 6. Weight distribution curve and thin-layer chromato- 

gram of fractions obtained by countercurrent distribution, in a 
series of five separatory funnels, of 5 g. of Vernonia esters be 
tween hexane and acetonitrile. Chromatogram was developed 
with 10% ether in hexane. 

Figure  6 shows that  parti t ion with hexanc/aeetoni- 
trile resulted in separation of only 47% of the avail- 
able epoxyoleate, in the pure state, in Fractions A3-  
A5, and the first traces of nonoxygenated esters had 
already advanced to Fract ion H5. The nonoxygenated 
esters therefore were too soluble in the polar phase of 
this system. The addition of 10% or 20% of water 
to the acetonitrile would probably result in a better 
separation. 

IV. A d s o r p t i o n .  a) Thin-layer chromatography on 
silicie acid has been shown to give excellent separation 
of nonoxygenated, epoxy, and hydroxy acids or esters 
from each other and also some degree of subfractiona- 
tion within these classes (14,18). Up to 50 mg. were 
chromatographed on a single plate by spotting as 
many as 25 1- to 2-mg. samples as closely as possible 
along one edge of the plate. The separated components 
were subsequently scraped from the plate and eluted 
from the adsorbent. 

�9 tD Q �9 
D 

P �9 �9 �9 �9 �9 �9 �9 

73 8O 
Fro. 8. Thin-layer chromatogram of fractions obtained by 

adsorption chromatography of 500 rag. of Vernonia esters on 
silicic acid in a Hagdahl segmented column, showing tile sep- 
aration of a trace amount of probable epoxylinoleate immedi- 
ately before the first fractions containing epoxyoleate. Chro- 
matogram was developed with 10% ether in hexane. 
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mesh) 4 and was 90 cm. x 1.25 era. The column was 
packed with dry  adsorbent, and 3% diethyl ether in 
hexane was run through it unti l  all air bubbles were 
removed. The sample was applied quanti tat ively to 
the top of the column, e]ution was commenced with 
3% ether in hexane, and 10 fractions of 50 ml. each 
were collected. These were monitored by TLC, worked 
up separately and weighed; the results are i l lustrated 
in Figure  7. Fract ions 11, 12, and 13 were 750, 500, 
and 400 ml., respectively, of the 3% ether in hexane 
solvent, and the epoxy ester concentration in the 
eluent was very  low by Fract ion 13. This was fol- 
lowed by 300 ml. of 5% ether in hexane (Fract ion 14), 
which eluted almost all of the remaining epoxyoleate 
on the column, and finally by 150 ml. of pure  ether 
(Fract ion 15), which eluted the small amount remain- 
ing along with all the more highly oxygenated esters. 
Total recovery from the column was 4.99 g. The com- 
position of the Vernonia esters was found to be: 15.4% 
of nonoxygenated esters (Fract ions 1-5),  78.6% of 
epoxyo]eate (Fract ions 6-14), and 6.0% of hydroxy  
esters (Frac t ion  15). Analysis of the combined non- 
oxygenated ester fractions by GLC gave the results 
shown in Table I and permit ted the total analysis 
of the Vernonia mixed esters to be achieved. 

An even wider separation of the three classes of 
components of a 500-rag. sample of Vernonia esters 
was achieved by usi~g a gagdah l  segmented column 
(19,20). The column had a total capacity of 160 ml., 
was packed with 70 g. of silieie acid (100-200 mesh, 
Mallinekrodt) and operated at a flow rate of ca. 40 
ml. per hour. The sample was eluted with 10% di- 
ethyl ether in petroleum ether, and 5 hal. fractions 
were collected by an automatic fraction-collector.  
The separation was monitored by differential refrae- 
tometry and by TLC of individual fractions. Non- 
oxygenated esters emerged in Fract ions 10-35 and 
epoxyoleate in Fractions 78-153. None of the hydroxy  
esters had begun to appear  by Fract ion 200 when the 
chromatogram was discontinued. The percentage of 
nonoxygenated and epoxy esters separated front the 
sample was the same as reported above from the 
conventional column. Of par t icular  interest however 
was the appearance of a very  small amount (1 rag., 
or 0.2%) of a slightly less polar ester than epoxy- 
oleate in Fract ions 75-79, overlapping epoxyoleate 
in the last two of these fractions (Figure  8). This 
component is probably 15:16-epoxylinoleate, which is 
likely to migrate to this position on TLC (14), and 
its separation in such a trace amount is a t r ibute to 
the efficiency of the Hagdahl  column. 

By  using an 80 era. x 30 era. column containing 400 
g. of silica gel, 25-g. and 3.0-g. samples of Vernonia 
esters were ehromatographed satisfactorily, and more 
than 80% of the available epoxyoleate was isolated in 
a pure  state, using an abbreviated elution pat tern to 
finish the separation in 8 hrs. I f  suitable column di- 
mensions (i.e., length/diameter  > 2 0 / 1 )  are retained, 
there seems no reason why epoxy components from 
samples of 100 g. or more may not be readily isolated. 

c) Batch adsorption has been found to be very  
suitable and convenient for separation of epoxy and 
hydroxy  compounds from nonoxygenated materials 
with sample sizes of 1-2 g. For  example, 0.95 g. of 
Verno~tia esters was dissolved in 100 ml. of 3% ether 
in petroleum ether (b.p. 3 7 ~ 1 7 6  and 20 g. of silicie 
acid (100-200 mesh, Ma]linckrodt) were added. The 

W.l~. (~race ~nd Company, Duvison ChemicM Division, Baltimore, Md. 

mixture  was s t i rred and filtered, and the silicic acid 
was washed with 100 ml. of the same solvent. The 
filtered silicic acid was similarly extracted and washed 
three times, using 5%, 10%, and 25% ether in pe- 
troleum ether, in turn.  These four fractions were 
monitored by TLC and weighed af ter  solvent was 
removed. They contained 8.8%, 28.6%, 34.2%, and 
22.9% of the sample, respectively. Fract ion I was 
almost entirely nonoxygenated esters, 2 was a mix- 
ture  predominant ly  epoxy oleate, and 3 and 4 were 
pure epoxy oleate. The 5.5% remaining on the silicic 
acid consisted of hydroxy esters. This procedure is 
sometimes more convenient than column chromatog- 
r aphy  for large samples and was used with 25 g. of 
Vernonia esters to give a similar separation to that  
reported above. 

Discussion 

Distillation is not recommended as an isolation 
procedure because of the tendency of epoxy esters, 
par t icular ly  unsatura ted epoxy esters, to decompose. 

For  samples containing a relatively low proport ion 
of epoxy components it is convenient first to concen- 
t ra te  the epoxy material by solvent-solvent part i t ion 
or batch adsorption. These procedures are simple, 
take little time, and give approximately equivalent 
results. The former is more suitable for  concentration 
of free acids and, for this reason, may be preferred.  
For  final isolation of pure epoxy esters the choice of 
method depends largely on the desired sample size. 

When only microgram or milligram quantities are 
available, gas-liquid, paper, or thimlayer  chromatog- 
raphy  are used. Paper-chromatography is suitable for  
isolation of epoxy acids or esters as a class but  cannot, 
with present soh'ent systems, differentiate between 
components within that  class (14) and is thus limited 
in its usefulness. Both thin-layer chromatography 
and gas-liquid chromatography can effect separation 
of some epoxy esters from others. Used in conjunc- 
tion these two methods can isolate the esters of all 
known natural ly-occurr ing epoxy acids (14). Thin- 
layer  chromatography is recommended however as the 
first method to be used in isolating epoxy esters from 
small samples, and GLC should be used only where 
necessary since, under  some conditions, it causes deg- 
radation of epoxy components. 

F o r  samples of 50 rag. to a few grams either adsorp- 
tion, partit ion, or reversed-phase part i t ion column 
chromatography are suitable. These methods give 
rather  equivalent results in separating epoxy esters 
as a class. I f  isolation of the epoxy components as 
acids is desired, then the part i t ion or reversed-phase 
part i t ion chromatographic methods are more suitable 
than adsorption. 

For  separation of epoxy components from samples 
of 5 g. or more, adsorption chromatography on a 
column of appropriate  size is recommended. A suit- 
able elution pat tern  may be readily worked out to 
save time and solvents and yet  retain almost complete 
separation of epoxy components. Liquid-liquid parti-  
tion can also be used for such large samples but  is 
more tedious and gives less complete separation. 

Of the methods described, column chromatography 
by adsorption, partition, and reversed-phase parti-  
tion, together with GLC analysis of the nonoxygen- 
ated ester fraction, are most suitable for quanti tat ive 
determinations. GLC analysis of a total mixed ester 
sample containing epoxy components does not give 
an accurate quanti tat ive determination of its compo- 
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sition. As noted before (14) epoxy esters give a lower 
response than nonoxygenated esters when a fl-ioniza- 
t ion detector is used. In  addition, any  d ihydroxy 
esters, such as occur in the esters f rom Vernonia  oil, 
will not be measured. The effect of both these factors 
is to give high values for the nonoxygenated esters 
(cf. Table I ) .  

Most of the methods described for  the isolation of 
epoxy acids or esters are equally, or more suitable 
for  the isolation of hydroxy  or other oxygenated de- 
rivatives. Thus a wide range of methods is available 
for the isolation of epoxy and other oxygenated acids 
and esters, and some of the methods, in conjunction 
with gas-liquid chromatography,  may  be used to give 
more accurate analyses of the mixed esters of oils 
containing these derivatives than  are possible with 
older analyt ical  methods. 
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Antimicrobial Activity of Some Ricinoleic and 
Oleic Acid Derivatives 
ARTHUR F. NOVAK and GLADYS C. CLARK, Louisiana State University, Baton Rouge, Louisiana; and 
HAROLD P. DUPUY, Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

l~icinoleic and oleic acid derivatives were screened for 
their antimicrobial activity, under optimum growing-condi- 
tions, against several species of bacteria, yeasts, and molds. 
Several ricinoleic acid derivatives and petroselinic (iso-oleic) 
acid exhibited considerable activity; in fact, their activity 
against some micro-organisms was comparable to sorbic and 
10-undecenoic acid, known antimicrobial agents, as indicated 
by this test. 

T H E  A N T I M I C R O B I A L  ACTIVITY o f  various types of 
f a t t y  acids or f a t t y  acid derivatives has been 
studied by a number  of investigators, using dif- 

ferent  techniques and organisms. According to Kiesel 
(10), the antimyeotic action of sa tura ted  f a t ty  acids 
increases as the number  of carbon atoms in the chain 
increases up to eleven, and the branched-chain f a t t y  
acids are less active than straight-chain f a t t y  acids 
of equal molecular weights. Tetsumoto (20,21,22) 
observed tha t  the unsa tura ted  f a t t y  acids are more 
antimycotic than  the corresponding sa tura ted  f a t t y  
acids, tha t  the normal  f a t t y  acids are more active 
than the isomeric acids, and tha t  the act ivi ty is due 
to the undissoeiated molecule, not the anion. The 
fungistat ic  act ivi ty of an organic acid varies with 
the p H  of the test  medium;  the act ivi ty is roughly  
proport ional  to the concentration of the nonionized 
molecules (8).  Cowles (4) found the bactericidal  
action of f a t t y  acids to be greater  at low p H  values 
and the long-chain f a t t y  acids to be more active than  
the short-chain f a t t y  acids. Keeney et al. (9) stated 
tha t  the long-chain f a t t y  acids are more fungicidal  
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than  the short-chain f a t t y  acids. Wyss  et al. (24) 
found tha t  the antinlycotic action of f a t t y  acids in- 
creases with chain length up to 12 carbon atoms, 
that  the unsa tura ted  f a t ty  acids are slightly more 
active than the corresponding saturated f a t t y  acids, 
and that  f a t t y  acids possessing an odd number  of car- 
bon atoms are no more active than the even-numbered 
homo]ogs. The results obtained by Spoehr et al. (18) 
indicated that  f a t t y  acids with 16 or fewer carbon 
atoms exhibit ant ibacterial  act ivi ty;  tha t  oleie, elaidic, 
linoleie, fl-eleostearic, and fl-licanie acids lacked anti- 
bacterial  power but  acquired it on photo-oxidation; 
that  stearic acid lacked ant ibacter ial  power even a f te r  
photo-oxidation; and that  glycerides lacked antibac- 
terial  power even though the respective f a t t y  acids 
were antibacterial .  McGowan et al. (15) suggested 
tha t  the fungistat ic  act ivi ty of substituted, unsatu- 
ra ted  f a t t y  acids is associated with the tendency of 
the subst i tuents  to wi thdraw electrons f rom the eth- 
ylenic bond. Stedman (19) found that  propionic, 
undeeylenic, and caprylic acids exhibit superior  anti- 
microbial action at  acidic pH ' s .  Melnick et al. (16). 
repor ted  tha t  ~,fi-unsaturated f a t ty  acids, such as 
sorbic acid, are hernial t rans i tory  metabolites in the 
oxidation of sa turated f a t t y  acids by molds; how- 
ever high initial  concentrations can inhibi t  the dehy- 
drogenase enzyme system in molds. Inhibi t ion of this 
impor tan t  enzyme system is held responsible for the 
fungistat ic  or fungicidal  act ivi ty of sorbic acid. The 
bacteriostatie action of unsa tura ted  f a t ty  acids was 
observed by Kodieek (11) to increase as the number  
of cis ethylenic bonds increases. I t  was noted also 


