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TABLE IV  

Fatty Acid Composition of the Par t ia l ly  Hydrogenated Samples of 
Rapeseed Oil Studied in Three Experiments 

(% by weight)  

Fat ty  acid 

C1~:o 
C14:0 

Clo:o 
ClS;1 

Total Cls 

C18:O 
C18:1 
C~s:2 I 

C~s:2 III  
Cxs:s I e 
C18:s I I  

Total C1s 

Cm:0 
0~o:1 

Total C,~m 

Crz:o 

Total C,~2 

Exp. I Exp. l I I  

?.E a 

trace 
trace 

4.0 
0.3 

4.3 

8.2 
34.2 

1.6 
4.7 
1.4 

0.8 

50.9 

2.5 
11.3 

13.8 

3.8 
27.2 

31.0 

Si b P.E,  

trace trac~ 
trace trac~ 

4.1 
0.4 

4.1 4.5 

6,4 
34.8 

4.6 
3.1 
2.5 

50.4 51.4 

1.7 
10.9 

14,5 12.6 

3.6 
27.9 

31.0 31.5 

Exp. I I  

Si 
P.E. Si 

trace trace :race 

trace trace _ _ _  0.63.7 lrace 

4.0 37.6 4.36.2 3.9 

3.7 
1.8 
1.2 
0.3 

52.7 50.~ 50.7 

2.2 
10.3 

12.7 12.5 12.5 

2.8 
29,6 

30.6 ! 32.4 32.9 

P.E. 

:race 
~race 

3.5 
0.5 

4.0 

7.2 
37.2 

3.4 
1.9 
1.0 
0.2 

50.9 

2.1 
10.5 

12.6 

4.1 
28,4 

32.5 

Ae Bd 

Si 

trace 
trace 

3.6 

51.2 

12.8 

32.4 

Butanediol-succinate polyester column. 
b Silicone column. 
e Hydrogenated by conditions used in shortening manufacture and 

randomly rearranged,  
d Hydrogenated by conditions used in marga r ine  manufacture.  
e Natural  isomer. 

other  f ac to r  of  a p p a r e n t  s ignif icance in  affect ing body-  
we igh t  ga in  of r a t s  f ed  h y d r o g e n a t e d  r apeseed  oil  was 
the  occur rence  of i somers  of l inole ic  acid,  poss ib ly  
9 ,15-octadecadienoic  a n d  12,15-oetadecadienoic  ac ids  
de r i ve d  f r o m  l ino len ic  acid.  Geomet r i c  i somers  of 
l inole ic  ac id  were  f o u n d  to have  no effect on essent ia l  

f a t t y  ac id  a c t i v i t y  (15,16) ,  bu t  pos i t iona l  i somers  
were  not  s i m i l a r l y  inves t iga ted .  F r o m  these s tud ies  
i t  is shown tha t  h y d r o g e n a t i o n  of  r apeseed  oil  in-  
creases,  does no t  change,  or  decreases  the  g rowth-  
p r o m o t i n g  qua l i t i e s  of r apeseed  oil, d e p e n d i n g  at  
least  in p a r t  on the final f a t t y  ac id  composi t ion .  Low 
ga ins  in weight  were  assoc ia ted  wi th  a decrease  of 
n a t u r a l  l inole ic  ac id  and  the presence  of o ther  octa-  
deead ienoic  acids.  

A c k n o w l e d g m e n t  

A p p r e c i a t i o n  is expres sed  to J .C.  A l e x a n d e r  of  the  
P r o c t e r  and  Gamble  C o m p a n y ,  C inc inna t i ,  0 . ,  for  
h y d r o g e n a t i o n  and  r a n d o m i z a t i o n  of some of the  oil  
used in these expe r imen t s ,  a n d  to C. Desloges fo r  
t echn ica l  ass is tance.  

R E F E R E N C E S  

1. v. Euler, B., v. Eu]er, H., and Ronnestam-Saberg,  I. Arkiv, for 
Kemi, Mineralogi o. Geologi, Vol. 22A, No. 8 (1946) ;  11. Vol. 24A, 
No. 15 (1946) ;  I I I .  24A, Xo. 20 (1947).  

2. Carroll, K.K., J.  Biol. Chem., 200, 287-292 (1953).  
3. Beare, Joyce  L., Murray, T.K., Griee, H.C., and Campbell. J.A., 

Can. J. Biochem. Physiol., 37. 613-621 (1959).  
4. Henly, A.A., Analyst, 82, 286-287 (1957).  
5. Folch, J., Lees, M., and Stanley, G.H.S., g. Biol. Chem., 226.  497-  

509 (1957) .  
6. Craig, B.M., and Murty. X.L., J .  Am. Oil Chemists" Soe., a6. 549-  

552 (1959).  
7. Swell, L., and Flit'k, D.F., Am. J. Physiol., 174.  51-53 (1953).  
8. Aaes-Jorgensen. E., Engel, P.F., Funch, J .P. ,  and Dam, H., 

Brit. 5fed. J.. 9. 42-49 (1955).  
9. Aaes-Jorgensen,  E., and Dam, H., Brit .  J.  Nut., 8, 281-306 (1954).  
10. Sahasrabudhe, M.R., and Subrahmanyaa,  V., J.  S('i. Ind. Res., 

lob .  119-120 (1951).  
l l .  Evans, H.M., and Lepkowsky, S., J .  Riol. Chem., 96, 143-156 

(1932).  
12. Deuel, H.J .  Jr . ,  Greenberg, S.M., Anisfeld, L., and Melnick, 

Daniel, J.  Nut., 45, 535-549 (1951).  
13. Peifer, J .J . ,  and Holman, R.T., J.  Nutrition, 68, 155-168 (1959) .  
14. Kaunitz, Hans,  Slanetz, C.A., and Johnson, R.E., J. Am. Oil 

Chemists' Sot., 36, 322-325 (1959).  
15. Privett ,  O.S., Pusch, F.J.,  and Holman, R.T., Arch. Biochem. 

Biophys., 57, 156-162 (1958).  
16. Mattson, F.H.,  J .  Nutrition, 71, 366-370 (1960).  

[Received December 19, 1960] 

Determination of 
Molecular Distillation 
Chromatography 

Mono-, Di-, and Triglycerides by 
and Thin-Layer 

O.S. PRIVETT, M.L. BLANK, and W.O. LUNDBERG, The Hormel Institute, 
University of Minnesota, Austin, Minnesota 

Analysis of mixtures of mono-, di-, and triglycerides by mo- 
lecular distillation and thin-layer chromatography is described. 

Mono- and diglycerides undergo appreciable aeyl migration 
through the effect of heat during molemflar distillation. Never- 
theless this technique may be used for the quantitative analysis 
of mixtures of mono-, di-, and triglycerides, provided there are 
no substances present which catalyze disproportionatiom 

Thin-layer chromatographic (TLC) analysis of mono-, di-, 
and triglyeerides is fast and simple and can be carried out on 
a micro-scale with a high degree of accuracy and precision. It 
also is extremely sensitive, permitting the quantitative estima- 
tion of as little as 0.1% of a single component in a mixture. 

i This research was supported by the Hormel Foundation and Gen- 
eral Foods Corporation, Tarrytown,  N.Y. 

~Presented at fall meeting, American Oil Chemists' Society, New 
York, October 17-19,  1960. 

The routine analyses of a- and fl-monoglyeerides and of 1,2- 
and 1,3-diglycerides also may be performed by this method. 

T 
HE ANALYSIS of m i x t u r e s  of mono-,  di-, and  t r i -  
g lyc e r i de s  is u s u a l l y  c a r r i e d  out  b y  co lumn 
c h r o m a t o g r a p h i c  p rocedures ,  e m p l o y i n g  selec- 

t ive  a d s o r p t i o n  (1,6) or  p a r t i t i o n  techniques  (12) .  
I n  genera l ,  these  me thods  a re  t ime -consuming  and  
involved,  s ince  m a n y  f r ac t i ons  m u s t  be col lec ted  and  
a n a l y z e d  for  a s ingle  d e t e r m i n a t i o n .  F u r t h e r m o r e  
the  p rec i s ion  and  a c c u r a c y  of ana lyses  b y  these 
methods ,  in genera l ,  is less t h a n  des i rab le  for  n l any  
a n a l y t i c a l  purposes .  

Desc r ibed  a re  two p r o c e d u r e s  for  the  ana lys i s  of 
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mixtures of mono-, di, and triglycerides. One em- 
ploys analytical molecular distillatiou, the other, 
thin-layer chromatography (TLC) .  The lat ter  ap- 
pears to be especially well-suited to use as a general 
method for the quantitat ive as well as qualitative 
analysis of these compounds. 

Materials 
The following reference compounds were prepared 

in highly purified fornl: 1-monopalmitin (m.p. 76.5- 
77~ 1,3-dipalmitin (m.p. 72.2-72.5~ tr ipalmit in 
(m.p. 66.1-66.5~ sap. val. 208.8), triolein (I.V. 85.7, 
sap. val. 189.9), monostearin (m.p. 81.0-81.5~ 1,3- 
distearin (m.p. 79.5-79.9~ A sample of pure 1,2- 
d i s t e a r i n  (m.p. 69.5-70.0~ was o b t a i n e d  f ro m  
A. de Freitas,  Depar tment  of Biochemistry, Univer- 
sity of Minnesota. 

The 1-monopalmitin and 1-monostearin were syn- 
thesized by the method of Fischer (4), as described 
by Daubert  et al. (3). The crude products were re- 
crystallized several times from ethyl ether and puri- 
fied fur ther  by silicic acid column chromatography 
(1). The final products were homogeneous by thin- 
layer chromatographic analysis; periodate analysis 
(13) indicated that  they were pure 1-monoglycerides. 

The 1,3-dipalmitin and distearin were prepared 
v'ht t r i ty l  derivatives (2,7) and purified in a similar 
m a n n e r .  

Tripahni t in  and triolein were prepared by trans- 
esterification of the corresponding pure methyl esters 
with triaeetin, using sodimn methoxide as a catalyst 
(8). Most of the excess methyl ester and monoglyc- 
eride impurities were removed by several extractions 
of a Skellysolve F solution of the crude triglycerides 
with 90% ethanol. The bulk of the diglyceride im- 
pur i ty  was removed by low-temperature fractional 
crystallization. Traces of impurities remaining were 
separated by silicic acid column chromatography (1).  

Procedures 
Molecular Distillation. The analysis of mixtures of 

mono-, di-, and triglyeerides by this technique was 
performed with a still essentially the same as that 
described by Pasehke, Kerns, and Wheeler (10). Dis- 
tillations were conducted on 0.5 to 2 g. of material 
at a pressure of ~ 1 0  -~ ram. of mercury.  Free  fa t ty  
acids, glycerol, and simple esters were analyzed at 
75-80~ monoglycerides at 145-150~ and diglyc- 
erides at 200-210~ The amount of triglyceride was 
usually estimated by difference although this fraction 
may also be determined by distillation at 250-260~ 

A typical distillation curve which shows the sep- 
aration of methyl oleate, monopahnitin, dipalmitin, 
and refined corn oil representing triglyceride, is 
presented in Figure  1. In this distillation the time 
interval between temperature  increments was length- 
ened more than usual to demonstrate that  there is 
little overlapping of components. A comparison of 
the analytical values with the known composition 
indicated that  mono-, di-, and triglycerides are sep- 
arated quanti tat ively by this technique. 

Thin-Layer Chromatography (TLC). About 10 Cg. 
samples are spotted with a microsyringe on the base 
of glass plates 2 in. x 8 in. with a thin layer of silica 
gel G, prepared according to Stahl (15,16) and Man- 
gold and Malins (9). The plates are placed in a 
small glass jar, containing a small amount of various 
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HOURS 
Fro. 1. Molecular distillation of a sample consisting of 

23.6% methyl oleate, 23.9% monopalmitin, 23.2% dipahnitin, 
and 29.3% corn oil. Distillation analysis: A = 2 4 . 8 %  methyl 
ester; B = 24.0% monoglyceride; C =  21.4% diglyceride; tri- 
g lycer ide= 29.8% by difference. 

mixtures of ethyl ether and Skellysolve F, and are 
developed in an ascending manner. Usually a develop- 
ing time of 10 to 20 rain. is sufficient to provide a 
separation of the components. After  the plates are 
developed, they are held at room temperature  for 
several minutes ill a fume hood until the solvent 
evaporates. Then they are sprayed with 50% aque- 
ous H._,SO, and heated on a hot plate to char the 
organic material, thereby locating the position of the 
spots. 

A photograph of a plate prepared in this manner, 
showing the separation of mono-, di-, and tripalmitin, 
is shown in Figure 2. The lower spot is monopalmitin, 
the center spot dipahnitin, and the upper  spot tripal- 
mitin. This plate was developed with a solvent, con- 
sisting of 30% ethyl ether in Skellysolve F. A 5-lb. 
chemical reagent jar  is usually used as the developing 
jar  for plates of this size. 

For  quanti tat ive analysis the spots are measured 
with a densitometer (Photovolt  Corporation, 52 and 
501-A) with a stage attached to it for  semiautomatic 
plotting of curves. The slit size of the densitometer 
was 1 x 7.5 mm., and readings were taken at each 
millimeter of travel over the length of the plate. No 
filter was used. Usually there was only a slight differ- 
ence in background density from one end of the plate 
to the other, which varied l inearly over the plate and 
had no effect on the accuracy of the measurements. 

The curve given by the analysis of the plate shown 
in Figure  2 is presented in Figure  3. In actual prac- 
tice three plates are used for the analysis of mono-, 
di-, and triglycerides because the R, values for these 
compounds differ by so much that  with a single sol- 
vent system, as shown in Figure  3, monoglycerides do 
not move off the base line whereas the triglycerides 
move almost with the front.  Thus monoglycerides are 
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FiG. 2. Photograph of chromatographic plate, showing the 
sepa-r~tion of mono-, fit-, an(t tripMmitin, lower, central, and 
upper spots, respectively. 

analyzed on one plate with a solvent system, consist- 
ing of 90% ethyl ether and 10% Skellysolve F ;  the 
diglycerides are developed on another  plate, using 
30% ethyl ether in Skellysolve F ;  and the tr iglyeer-  
ides are developed on a th i rd  plate with 10% ethyl 
ether in Skellysolve F. Both the tr iglycerides and the 
diglycerides run  at or near  the f ront  in the first 
solvent system, which is used to analyze the mono- 
glycerides. I n  the second solvent system the mono- 
glyeerides remain at  the base of the plate-, and the 
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FIG. 3. Densitometrie analysis of the ehromatogram shown 
in Figure 2. 

tr iglycerides move with the front,  permi t t ing  op t immu 
conditions for  the analysis of diglycerides (Figure  3). 
( )s ly  the tr iglycerides migra te  f rom the base line in 
the third solvent system. 

Areas under  the peaks are direct ly proport ional  
to the amount  of sample, but the proport ional i ty  
constant varies with the s t ructure  of the compound. 
The reason for the quant i ta t ive  difference in the de- 
velopment of the spots for compounds of different 
s t ructures  (per  unit  of carbon density) cannot be 
explained at present, but  since it appears  to be an 
inherent proper ty ,  s tandard  curves or conversion fac- 
tors prepared  thereby can be employed for quanti ta-  
tive analysis. 

S tandard  curves for sa tura ted  mono-, di-, and tri- 
palmit in  are shown in F igure  4. The slopes of the 
s tandard  curves vary  slightly f rom one batch of 
plates to another, but the ratios of the slopes are con- 
stant. Thus conversion factors that  are based on the 
relative slopes of a single set of s tandard  cur~,es may 
be employed, el iminating the necessity of rumfing 
s tandard  curves o~t each new batch of plates. 

The size and density of the spots for triolein bear 
a l inear relationship to the amount  of satap[e (Pig-  
ure 4), but the densitometrieally-detemnined response 
is much greater  for triolein than t r ipahni t in  in spite 
of the fact that  both compounds have essentially the 
same carbon densities (77.3 v s .  75.8%).  Er rors  in 
the analysis of na tura l  products,  containing unsatu- 
rated and saturated f a t ty  acids, will generally be less 

A 

t ~ 
1000 C 

0L 
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{JG. 0V SAMPLE 

FIO. 4. Relation between peak area and sample size in the 
TLO analyses of A. trioiein; B. tripalmitini C. dipalmitin; 
D. monopMnfitin. 
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than 5% because the unsatnrat ion is usually more or 
less randomly distributed throughout  the mono-, di-, 
and tr iglyceride components. However, since unsatu- 
ration exerts a profound effect on the development 
of the spots, it is f requent ly  expedient to hydrogenate 
samples that  contain an appreciable amount of un- 
saturation before they are quanti tat ively analyzed. 
This is carried out in a small Par r  apparatus  by the 
technique described by Schlenk et al. (14), in which 
about 20 samples can be hydrogenated simultane- 
ously. The hydrogenation is carried out with a pal- 
ladium-on-charcoal catalyst on a few rag. of sanlple 
dissolved in ethyl ether at room temperature,  and at 
a pressure of about 50 lbs. Normally the samples 
are fu l ly  hydrogenated in a few minutes, but, as a 
precaution to insure complete reaction, a half-hour 
reaction time is usually employed. The catalyst is 
filtered and washed; the filtrate is analyzed directly 
af ter  being made up to a known volume. 

Results and Discussions 

The molecular distillation and TLC analyses of two 
mixtures of nlono-, di-, and tr ipalmitin are reported 
in Table I. 

T A B L E  I 

Analysis  of Mono-, Di-, and  Tr ipahn i t in  

Compound  
Mixture  1 ( % )  ] Mixture  2 ( % )  

'rL," Mol~~no,,.n 'rL,~ :,~ol~ - ~ . . . . . . .  
dist. e o m p .  "+ <list. eomp. 

30.8 30.1 31.1 10.0 ] 10.6 10.5 
I 25.8 / 25.6 I 25.3 [ 79.4 , 77.0 / 78.2 

Tr ipa lmi t in  
Dipalmi t in  
Monopahni t in  

Agreement between the known composition and the 
analytical values obtained by both methods was very 
good; the deviation was not more than 1.2 percentage 
units and usually much less. Each value represents 
a single analysis. However duplicate analysis may be 
performed within a deviation of less than •  by 
either method. 

The slightly low value for the molecular distilla- 
tion analysis of the monoglyceride in the sample that 
contains the high level of monopalmitin appears to be 
due in par t  to a small amount  of disproportionation 
because the analytical values on pure monoglycerides 
(Table I I )  by this technique are ahnost always slightly 
low. No disproportionation appears to take place on 
the distillation of pure diglyeerides however. 

Although the analysis by molecular distillation 
(Table I) agreed well with the known composition, all 
appreciable amount of aeyl migration occurred on the 
distillation of both mono- and dipahnitin. This was 
demonstrated by conducting a periodate analysis (~- 
monoglyeeride content) before and after  molecular 
distillation and on the distillate af ter  redistillation 
of pure 1-monopalmitin and 1-monostearin (Table I I ) .  

About 40% of 1,3-dipalmitin was converted to the 
1,2-form during the distillation of this compound. 
This was determined by TLC analysis of the distilled 
product, the results of which are shown in Figure  5. 
This analysis was carried out with a solvent system 
that consisted of 30% ethyl ether in Skellysolve F. 
The 1,2- and 1,3-diglycerides were identified by com- 
parison with pure 1,2- and 1,3-diglyeeride standards. 

TLC is a very sensitive method of analysis, as 
demonstrated in Figure  6, which shows the analysis 
of a sample of monopMmitin with 0.1% added tri- 
pahnitin. By  overloading the plate, the small amount 

D E T E R M I N A T I O N  OF 

T A B L E  I I  

Per ioda te  Analysis  of Molecularly Distille:l Mono~s yeer des 

315 

Sample  

Original  monopahni t in  ................................. [ 
F i rs t  distillate ............................................... I 
Second distillate ............................................ 

Second distillate ............................................ I 

c~ Monoglyeerides 

Per ioda te  ] ?,{oleeular 
analysis  (13)  distillation 

99.9 I 98.9 
96.7 98.2 
88.8 ...... 

99.8 98.1 
94.8 98.7 
90.2 ...... 

of added tr ipahnit in was detected. It  may be quan- 
t i tat ively determined by referenee to the appropriate  
standard curve. This analysis was carried out with 
10% ethyl ether in Skellysolve F. Percentages of 
the same order of diglyeeride impurities in mono- 
glyeerides may be detected ahnost equally as well 
bv se lec t ing  the p r o p e r  r a t i o  of e thy l  e the r  and 
Skellysolve F. 
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FIG. 5. TLC analysis of the distillate of highly purified 1,3- 
dipahnitin molecularly distilled at 205~ 

Tile analysis of three laboratory preparations of 
monoglycerides, representing animal, vegetable, and 
marine oil products, by TIJC and molecular distilla- 
tion are reported in Table i l l .  These products were 
prepared according to the conditions described by 
Gruger et al. (5). Considerable disproportionation 
occurred on the distillation analysis of the crude prep- 
arations, as evidenced by the lack of agreement be- 
tween the distillation and periodate analyses. The 
disproportiolmtion apparent ly  was caused by the 
presence of small amounts of foreign substances, 
possibly soaps or catalysts not removed by the normal 

. . . . . . . . . . . .  ? 

.8 �84 
tJ 
U Z < 

.6 
/ ,TRIPA LMITIN 

O t 
0 2 4 9.8 

I > CM OF TRAVEL 
FIG. 6. T L C  analysis of monopMmitin, containing 0.1% 

added tripalmitin. 
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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 


