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I N recent studies involving-the flavor revers ion of 
soybean oil (4, 6, 7, 8, ]0, 12) carbonyl  compounds  
have been isolated f rom reverted soybean oil. I t  

was suggested in these s tudies  that  the init ial  oxida- 
tion products  of the di- and t r i -unsa tura ted  f a t ty  
acids in soybean oil were precursors for  the earbonyl  
compounds. However  it has been shown that  soybean 
oil, hydrogenated to a degree where linoleic and lino- 
lenic acid are undetectable,  will still develop a re- 
ver ted flavor (11). Therefore  if  the unsa tura ted  f a t ty  
acids are precursors  of r e v e r s i o n  c o m p o u n d s ,  they 
must  be present  in an undetectable fo rm and cannot 
be readily removed by  catalytic hydrogenation.  

Recent work on the oxidation of ethyl linoleate 
in our labora tory  has indicated tha t  the polymers  
formed dur ing oxidation may  be a precursor  of some 
of the reversion compounds (1, 2). In  the work to 
be described in this pape r  ethyl linolenate was oxi- 
dized and the oxidative polymers  separated by  solvent 
extraction. The polymeric fract ions were oxidatively 
decomposed in a closed system, and the volatile de- 
composition products  t r apped  in cold traps.  The car- 
bonyl compounds in the volatile mater ia l  were isolated 
and identified as their  2,4-dinitrophenylhydrazones.  
These compounds were compared to those i so la ted  
f rom soybean oil by  other workers. 

Experimenta l  and Results  

The ethyl linolenate was p repared  in this labora- 
tory  f rom linseed oil by  a brominat ion-debrominat ion 
method (9). I t  had a Wijs  iodine value of 248.2 
(theoretical 248.5). The ethyl linolenate was autoxi- 
dized by  bubbl ing  oxygen through it for  170 hours 
at 30~ 

The  autoxidized ethyl linolenate was separated into 
polymeric f ract ions by  a solvent-extraction process, 
using Skellysolve F and diethyl ether as a solvent 
pair .  I n  this extraction procedure the oxidized ethyl  
linolenate was weighed into a round bot tom flask, and 
twice its volume of the appropr ia te  solvent mixture  
added. The mixture  was agitated with a mechanical 
s t i r rer  for  30 minutes and then allowed to stand unti l  
all of the undissolved portion had settled to the bot- 
tom of the flask. The top layer  was drawn off into 
a clean flask with the aid of a f r i t ted  glass filter 
stick, and the vacuum created with a water  pump.  
The solvent was removed under  vacuum, the fract ion 
weighed, and representat ive constants de te rmined  (Ta- 
b le  I ) .  These polymer  fract ions were stored at - -20  ~ C. 
The Skellysolve F used in the extraction was distilled 
before use. Anhydrous  diethyl ether was used without 
t reatment .  

In  order to follow the oxidation of the polymers 
and to insure t r app ing  of the volatile products,  a 
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TABLE I 

P h y s i c a l  Constants of Polymeric Fractions Separated F r o m  150  g. of 
Oxidized E t h y l  Linolenate 

property 

Solvent 
% E t h e r  . . . . . . . . . . . . . . . . . . . . .  
% Skenysolve  F .. . . . . . . .  

Ref .  i n d e x  n~ 25~  ........ 
~/[olecular we igh t  ............ 
Weight in  g r a m s  .. . . . . . . . . . .  
Peroxide value ............... 

8 

24  
76 

1 . 4 8 6 4  

536  
6 . 6 2 5  

1450 .0  

Fraction 

12 16 

4 4  76 
56 24  

1 .4911  1 .4983  

1268  .... 
1 5 . 3 5 6  1 0 . 0 3 4  

1023 .2  9 3 4 . 3  

17 

~eetone 

gel 
3 .701  

832 .0  

closed oxidation system was devised (Figure  1). The 
reaction tube A was placed in the constant  tempera-  
ture  bath  I .  Oxygen was passed into the reaction 
tube through a f r i t ted  glass filter stick B sealed into 
the bot tom of the tube. The reaction tube was con- 
nected to two cold traps,  C and D, which were cooled 
to - -70~ by  a mixture  of d ry  ice and acetone. The 
t raps  were connected to a Sigmamotor  H which, in 
turn,  was connected through glass tubing to the bot- 
tom of the reaction tube. The direction of the flow of 
oxygen through the system could be controlled by  
means of three-way stopcocks, E and G. 

At  the s tar t  of the oxidation, oxygen was intro- 
duced into the system through stopcock E.  This oxy- 
gen was freed o f  carbon dioxide, water, and carbon 
monoxide by  means of purification t ra in  N. The lat- 
ter consisted of an absorption tube of m a g n e s i u m  
perchlorate to remove w a t e r ,  an absorpt ion tube of 
ascarite to remove c a r b o n  dioxide ,  a Vycor tube 
packed with copper oxide heated to red heat in order 
to convert carbon monoxide to carbon dioxide and 
hydrogen to water,  and absorption tubes of perchlo- 
rate and ascarite to absorb the carbon dioxide and 
water,  respectively. The second t ra in  M was set up  
in the same manner  and all of the tubes in t ra in  M 
were .accurately weighed. With  this system it was 
possible to calculate the amounts of carbon monoxide, 
carbon dioxide, hydrogen, and water  formed during 

I I- 
N ',i -~ 

FIG. I .  Diagram of apparatus used for autoxidation of the 
ester in a closed system. 
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T A B L E  II 

Fractiona. t ion of the Volatile Mater ia l  Collected 
in  the Cold Traps  

Volat i le  ~ la te r ia l s  
l 

J 
W a t e r  Soluble B 

Steam Dis t i l la t ion  

1 l~ee Volat i le  C idue  

I 
Water Soluble D 

Skellysolve F Soluble k 

F rac t iona l  Dis t i ! la t ion 

I IT  III 

I 
Ether  Soluble E 

the oxidation. Except  for  a short piece of Tygon 
tubing in the Sigmamotor, all of the connections and 
tubing used in the system were glass; ground glass 
ball joints were used for all necessary connections, 

The following procedure was used in oxidizing tile 
polymeric fractions. The reaction vessel and the cold 
traps were tared, and the entire system was flushed 
out with purified oxygen until  the absorption tubes 
had reached a constant weight. The polymer sample 
was then added to the reaction tube,  the stopcocks 
proper ly  arranged, and the Sigmamotor started. At  
48-hour intervals the Sigmamotor was stopped, the 
system was flushed out with purified oxygen and the 
various absorption tubes were weighed. As the poly- 
meric fractions were very  viscous, it was necessary to 
disperse each fract ion on glass wool and introduce the 
polymer into the reaction tube A in this form. In 
actual operation approximately 25 g. of glass wool 
were added to the reaction tube, an ether solution of 
the polymer was poured over the glass wool, and the 
solvent was removed under  vacuum. 

The molecular weights were determined by the cry- 
oscopic method, using purified benzene as the solvent. 
The pe rox ide  value was determined by  the method 
outlined by  Fugger  et al. (3).  

The volatile material collected in the cold t rap  was 
diluted with distilled water and subjected to a pre- 
l iminary separation by three extractions with equal 
volumes of Skellysolve F (Table I I ) .  The Skellysolve 
F soluble material was fractionally distilled at at- 
mospheric pressure. Three fractions were obtained: 
one, (A-I) distilled below 50~ (this fract ion also 
contained the Skellysolve F ) ;  two, (A-H) distilled 
between 50-70~ and three, (A-III)  the residue 
fract ion which did not distill. The wa te r - so lub le  

fract ion (B), which was left  af ter  extraction of the 
volatile material with Skellysolve F was steam-dis- 
til led; a steam-distillable fract ion (C) was obtained. 
The non-steam distillable residue was extracted with 
three 10-ml. portions of ether, giving fract ion (E). 
The non-ether soluble residue was designated as frac- 
tion (D). All of the fractions were converted into 
2,4-dinitrophenylhydrazones by the method of Gor- 
don et al. (5).  Twenty ml. of an alcoholic solution of 
the various fractions were added to 100 ml. of a sat- 
urated solution of 2,4-dinitrophenylhydrazine .in 2N 
hydrochloric acid and the mixture digested at 0~ 
for  one hour. The precipitate was filtered on a Buch- 
ner funnel, washed with 100 ml. of water, and dried 
under  high vacuum for  3 hours. 

The method of Gordon et al. was used for  the chro- 
matographic separation of the 2 , 4 - d i n i t r o p h e n y l h y -  
drazones. A column 20 X 4 cm. was packed with 2:1 
mixture of silica gel, s and Celite filter aid# The ad- 
sorption media was activated separately by  heating 
to 190~ for 2 hours. The mixture was packed into 
the column with the aid of a plunger. The top of 
the column was then covered by an aluminum cap 
which had been perforated with many small holes. A 
100- to 150-mg. sampl e of the 2,4-dinitrophenylhydra- 
zones was dissolved in 20 ml. of chloroform, poured 
carefully into the top of the column, and allowed to 
pass through it. The chloroform solution was followed 
by  500 ml. of Skellysolve F, which was forced through 
the column under  a pressure of two to five pounds of 
ntirogen. The column was developed with 2, 4, and  
6% ethyl ether in Skellysolve F. Af te r  the column 
had been sufficiently developed, the bands were eluted 
with 8 to 12% ethyl ether solutions. The 2,4-dinitro- 
phenylhydrazone in each band_ was collected as it was 
eluted, and the solvent removed under  vacuum. Each 
2,4-dinitrophcnylhydrazone was then taken up in chlo- 
roform, rechromatographed, and recrystallized from 
alcohol. I t  was identified by melting point, mixed 
melting point, ultraviolet  absorption, and ultimate 
analysis. 

One 2,4-dinitrophenylhydrazone was found in frac- 
tion (A-I). This compound melted at 113-114~ and 
had an analysis and absorption peaks similar to tha t  
of the 2,4-dinitrophenylhydrazone of methyl ethyl ke- 

3Obtained from Mall inekrodt  Ohemical Company, St. Louis ,  Me., aria- 
lyrical g r ade  I00-me~h. 

4Johns-Man~i l le  and  Company,  Manvi l le ,  N. J., ana ly t ica l  grade.  

Compound Color 

U n k n o w n  A-I .................................................. 

Methyl ethyl ketone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U n k n o w n  C-1 ................................................... 

Acetaldehyde ................................................... 

M~fing 
p o i n t  

U n k n n w n  E-2 .................................................. 

Alp:ba-pentenal ................................................ 

Orange  

Orange  

Yellow 

Yellow 

Mixed 
melting 

point 

~ 

113-114 

115-117 

161:163 

168 

M,gximum 
absorpt ion  

~ 

119-116 

164-165 

U n k n o w n  C-2 .................................................. Orange  148-150 
152-154 

Propiona ldebyde  ............................................. Orange  155 

U n k n o w n  D-1 .................................................. R . O .  160-169 

Crotonaldehyde ................................................ R . O .  190 

Red 160-161 
161-163 

T A B L E  III 

Comparison of the 2 ,4-Dini t rophenylhydrazones  of the Iso la ted  Carbonyls  
Wi th  Those of K n o w n  Carbonyls 

Carbon Hydrogen Nitrogen 

% % % 
360-362 47.88 4.63 21.62 

362 47.60 4.79 22,21 

356 42.12 3.84 24.76 

356 42.86 3.60 24.99 

354 45.65 4.35 23.24 

355 45.38 4.23 23.52 

369-370 48,04 4.63 22,86 

375 47.95 4:03 22 ,S l  

374 59:53 4.88 21~R8 

(375)  50.30 4.57 21.19 Red 163 
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tone (Table I I I ) .  Several other bands were present 
on the column, but the small amount of material in 
these bands made further study of the 2,4-dinitro- 
phenylhydrazones impossible. The second fract ion 
(A-II) gave no 2,4-dinitrophenylhydrazones. The 2,4- 
dinitrophenylhydrazone of the final fraction (A-HI) 
separated into a wide diffused band, which yielded a 
single compound. After repeated recrystallizations, 
fine yellow-orange needles were obtained, melting 
point 85-86~ The ul t imate analysis of this 2,4- 
dinitrophenylhydrazone indicated that the derivative 
contained a five-carbon-atom carbonyl. However com- 
parison with known five-earbon-carbonyl compounds 
did not reveal its identity. Further work on this eom- 
pound and others which were present inminor  bands, 
remains to be completed. 

The 2,4-dinitrophenylhydrazone mixture from the 
steam volatile fraction (C) yielded two compounds 
when ehromatographed. The first (C-1) was rechroma- 
tographed and recrystallized twice from 75% ethanol 
yielding yellow needles, melting point 161-163~ An 
admixture of compound (C-1) with the 2,4-dinitro- 
phenylhydrazone of acetaldehyde gave a mixed melt- 
ing point of 164-165~ Comparison of ultraviolet 
absorption peaks gave further proof that compound 
(C-1) was acetaldehyde. The second compound (C-2) 
was rechromatographed and recrystallized several 
times from ethanol yielding orange needles, melting 
point 148-150~ The ultimate analysis, mixed melt- 
ing point, and absorption peaks indicated that com- 
pound (C-2) was the 2,4-dinitrophenylhydrazone of 
propionaldehyde. 

The 2,4-dinitrophenylhydrazone of the non-ether 
soluble fraction (D) gave one major band and several 
very minor bands on the chromatograph column. The 
minor bands did not contain enough 2,4-dinitrophen- 
ylhydrazones for positive identification. The major 
band was resolved and the compound (D-l) reerystal- 
lized several times from 80% ethanol yielding a red- 
orange powder, melting point 160-169~ The melting 
point could not be improved by further recrystalliza- 
tion. As the compound (D-l) gave a positive test for 
the presence of an alpha-beta unsaturated earbonyl, it 
may have been erotonaldehyde. It has been pointed 
out by other workers in this field that crotonalde- 
hyde and propionaldehyde cannot be separated be- 
cause their movement on a silica column is almost 
identieal (6). 

The 2,4-dinitrophenylhydrazones in fraction (E) 
gave two major bands on the column, plus a wide 
diffused band at the bottom of the column. Further 
separation of the latter proved unsueeessful. After 
removal from the column, the material in the top 
band (E-l) was reerystallized twice from ethanol, 
yielding yellow-orange crystals, melting point 160- 
162~ The constants determined on this compound 
indicated that it was the 2,4-dinitrophenylhydrazone 
of aeetaldehyde. 

The compound in the second band (E-2) was re- 
ehromatographed, and then reerystallized twice from 
ethanol. The fine red needles, which were obtained, 
melted at 160-161~ the constants indicated ~hat 
they were the 2,4-dinitrophenylhydrazone of alpha- 
pentenal. 

Gaseous products were continuously evolved. How- 
ever the rate of evolution of carbon monoxide, carbon 
dioxide, hydrogen, and water vapor varied during the 
oxidation, with a marked decrease toward the end of 
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FIG. 2. T h e  r a t e  o f  c a r b o n  d i o x i d e  e v o l u t i o n  d u r i n g  o x i d a t i o n  
o f  5 g .  o f  t h e  p o l y m e r .  

the oxidation (Figure 2). The rate of carbon dioxide 
evolution gave an indication of the decomposition of 
the polymer fraction. The amount of carbon dioxide 
evolved increased rapidly during the early part of 
the oxidation and then gradually decreased until it 
became relatively constant at the end of the oxida- 
tion (Table IV). The polymer remaining in the reac- 

TABLE IV 

Volatile Products  Formed D u r i n g  Oxidation of Polymer Frac t ion  
(Frac t ion  616)  

Time (hours)  

0 487 754 1,22 

Polymer  weigh~--gm ....................... 5.12 ' i:~) ~ ~ - -  - 4:~ 

Weight MaterialSof ingaseous__mg.traps--gm . . . . . . . . . . . . . . . . . . . . . . . . .  21.8 44.4 65.( 
I-I~0 (total wt.)  ............................ 
COs (total wt.)  ............................. [ 62.2 [ 80.8 ] 100.4 
1{2 ( total wt. ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CO (total wt.)  .............................. 

48~ 754 ~28 

'1o r221 �9 :"! ": .... : 

21.1 : 44.4 65.0 
62.'. 80.8 I 100.4 

1.6 2.5 3.0 
I 8 .4  11.5 I 15.4 

tion tube had changed in color from a light yellow 
to dark red, and its molecular weight, refractive in- 
dex, and peroxide number had decreased (Table V). 

TABLE V 

Gompa.rison of Polymer  Frac t ion  After Oxidation 

1{ours 

Color ............................................................. 
Refract ive index ............................................ 
Peroxide value .............................................. 
Molecular weight  ........................................... 
Weight  ........................................................... 

0 843 

Yellow Red 
1.4910 1.4764 

946.0 273.0 
832.0 572.0 

12.01 11.52 

Discussion 

The present work indicated that the oxidative 
polymers of ethyl linolenate can be autoxidized to 
earbonyl and gaseous products. Aeetaldehyde, propi- 
onaldehyde, and alpha pentenal have been identified, 
and possibly erotonaldehyde was also present. All of 
these compounds have been isolated from oxidized 
soybean oil (4, 6, 7, 8, 10, 12). In addition, evidence 
f o r  the presence of methyl ethyl ketone was obtained. 
The lack of  knowledge of the structure of the oxi- 
dative polymers and the mechanisms of polymer de- 
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composition does not allow one to speculate to any 
great extent on the mechanism of formation of these 
carbonyl compounds. The mechanisms which have been 
put forth by other workers (6, 7, 10) suggest that 
hydroperoxides break down with simultaneous cleav- 
age of the adjacent carbon to carbon bond to form an 
aldehyde and some unidentified fragment. The spe- 
cific aldehyde which is formed depends upon the po- 
sition of the hydroperoxide group on the chain, and 
the length of the carbon chain which is cleaved from 
the parent molecule. The formation of acetaldehyde, 
propionaldehyde, alpha pentenal, and crotonaldehyde 
can be postulated from the mechanism by appropri- 
ate shifts in double bonds. The formation of methyl 
ethyl ketone cannot be due to a simple decomposition 
of a hydroperoxide and cleavage. However the initial 
cleavage product could be a beta-keto acid, this acid 
then losing carbon dioxide to form the methyl ketone. 
The gaseous products are mainly carbon dioxide and 
water vapor with traces of carbon monoxide and hy- 
drogen. The mechanism whereby these gaseous prod- 
ucts are formed is not known. 

Three of the compounds which were isolated in 
the present work, acetaldehyde, propionaldehyde, and 
alpha pentenal, have been included among the com- 
pounds that have been isolated from reverted soybean 
oil. The presence of these compounds in the volatile 
decomposition products of the oxidative polymers of 
ethyl linolenate indicated that oxidative polymers may 
serve as precursors of flavor reversion compounds in 
soybean oil. 

Summary 
Oxidative polymers which had been isolated from 

autoxidized ethyl ]inolenate were oxidatively decom- 
posed in a closed system at room temperature. The 

decomposition products were collected in appropriate 
traps and separated into various fractions on the 
basis of their volatility and solubility. The aldehydes 
and ketones thus obtained were converted into 2,4-di- 
nitrophenylhydrazones, chromatographed on silica gel, 
and the isolated 2,4-dinitrophenylhydrazones identi- 
fied by standard procedures. )/[ethyl ethyl ketone, 
propionaldehyde, acetaldehyde, and a lpha-pentenal  
were positively identified, and evidence for the pres- 
ence of crotonaldehyde and an unknown five-carbon- 
carbonyl compound was obtained. 

Acetaldehyde, propionaldehyde, and alpha-pentenal 
have been isolated from the decomposition products 
of oxidatively decomposed reverted soybean oil by 
previous workers. If  oxidative polymers of linolenate 
a re  present in reverted soybean oil, they could serve 
as precursors of the aldehydes and ketones which have 
been associated with flavor reversion. 
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Modification of Vegetable Oils. XIV. Properties of 
Aceto-Oleins I 

R. O. FEUGE, AUDREY T. (3ROS, and E. J. VICKNAIR, Southern Regional Research 
Laboratory, 2 New Orleans, Louisiana 

I N the industrial utilization of fats and oils the 
need often arises for oils which remain liquid at 
low temperatures and yet are relatively resistant 

to oxidative polymerization and other forms of deteri- 
oration. In the manufacture of mayonnaise and salad 
oils, which require oils remaining liquid at the tem- 
perature of the domestic refrigerator (4 ~ to 10~ 
these needs can be fulfilled by winterized cottonseed 
oil, corn oil, and dewaxed soybean oil. However the 
latter possesses some objectionable characteristics be- 
cause of its high degree of unsaturation. When oils 
which remain liquid well below 0~ and simultane- 
ously possess good stability are needed, few naturally 
occurring triglyeerides can be employed. 

The simple triglycerides of saturated fatty acids 
occurring most profusely in nature, those having 12 

1Presented a t  the 26th Fall  Meeting of the American Oil Chemists'  
Socie ty ,  Cincinnati ,  O., Oct. 20-22, 1952. 

: O n e  of the laboratories  of the Bureau  of Agr icul tura l  and  Indus-  
t r i a l  Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depor tment  
of Agricul ture.  

to 18 carbon atoms, are solid at temperatures below 
46.5~ Tricaprin and tricaprylin, whose fat ty acids 
occur as glycerides in amounts up to 8% in a few 
commercially produced oils, are solid below 8.3~ 
Tricaproin and tr ibutyrin solidify at temperatures of 
--25~ and approximately --60~ respectively ; but 
their fat ty acids occur in natural fats to a very lim- 
ited degree. Butterfat, the best natural source of ca- 
proic and butyric acids, contains from 2 to 4% of 
each. 

Triglyeerides of oleic, linoleic, and ]inolenic acids 
are, of course, plentiful in nature and are employed 
where an oil melting at a relatively low temperature 
is needed. However triolein Solidifies at 5.5~ Tri- 
linolein and trilinolenin solidify at lower tempera- 
tures but are more unsaturated, having iodine values 
of 1.73.21 and 26].61, respectively, compared to 86.01 
for triolein. 

In Figure 1 are shown the melting points of tri- 
glyeerides of naturally occurring fat ty acids as a 
function of chain length and degree of unsatnration. 


