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3-ck-Hexenal, the "Green" Reversion Flavor of Soybean Oil 
G. HOFFMANN, Unilever Research Laboratory, Vlaardingen, The Netherlands 

B y  m e a n s  o f  g a s - l i q u i d - c h r o m a t o g r a p h y  the  n e u t r a l  v o l a t i l e  

p r o d u c t s  o b t a i n e d  b y  s t r i p p i n g  o x i d i z e d  s o y b e a n  oil w e r e  
fractionated. 

The fraction with "green bean ~' odor (a well-known off- 
flavor of soybean oil) was investigated. By the application of 
various methods it was possible to isolate the flavor carrier 
proper and, in spite of its small amount, to complete the 
analysis to a point at which the structure 3-cis-hexenal seemed 
highly probable. Synthesis and subsequent comparison with the 
natural product confirmed the correctness of the assumption. 

n-Hexanal and 3-trans-hexenal, also found in this fraction, 
play no significant role in the reversion flavor. 

I 
N THE LAST FEW YEARS the reversion of soybean oil 
has been the subject of many  investigations, which 
were induced by the economic importance of this 

oil. Fundamenta l  work carried out in the United 
States has proved that linolenic acid is the precursor 
of the reversion flavors (1). The chemical structure 
of these off-flavors has also been investigated, and it 
is generally accepted that most of them have a car- 
bonyl function. 

I n  a recent investigation by von Pezold (2) the 
volatile, light-petroleum-soluble products isolated from 
reverted or rancid soybean oil were separated into 
fractions by means of partit ion chromatography and 
countercurrent  distribution. The flavors of these frac- 
tions were par t ly  recognized as the characteristic 
soybean oil off-flavors, well known to the members of 
a trained panel. In  these fractions many aldehydes, 
belonging to the homologous series of saturated, aft-, 
and aft, y~-unsaturated aliphatic aldehydes, were iden- 
tified by means of their dinitrophenylhydrazones 
(DNPHs) .  F rmn model experiments with esters of 
linoleic and linolenic acid it was concluded that  2,4- 
heptadienal, and/or  2,4-octadienal, both originating 
from the autoxidation of linolenic acid, play a deci- 
sive role in causing the reversion flavor of soybean oil. 

The present investigation deals with the isolation 
and identification of a special off-flavor (odor),  not 
identified earlier, to which the descriptive name 
"green beans"  is given. 

Isolation and Identification of the 

"Green Bean" Flavor 

I t  may be assumed that  the reversion of oils con- 
taining linolenic acid is caused by oxidation. On 
storage of such oils, reversion off-flavors will soon 
develop, which are organoleptically perceptible at 
such low concentrations that they cannot be detected 
with current  analytical methods. In  order to collect 
the volatile substances in analytically detectable 
amounts, soybean oil was subjected to oxidation by 
air at high temperature. In  this way a fair ly large 
amount of volatile decomposition products as well 
as of the compounds responsible for the reversion 
off-flavors was formed. These products were liberated 
from water and fa t ty  acids and were separated on 
a gas-liquid-chromatography (GLC) column into 
fractions. 
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FIG. 1. GLC of soybean oil stripping products. Column-- 
length 900 ram. ; diameter 4 ram. ; carrier, Celite 545 ; immobile 
phase, silicone oil (30%, Dow-Corning); mobile phase, nitro- 
gen. Temperature 93~ gas-pressure 24.5 cm. ttg; gas-rate 29 
ml./min. For reference the retention times (Rt-values) of a 
homologous series of saturated aliphatic aldehydes are given 
on a second abscissa. 

The chromatogram is sho~m in Figure 1. The Rt- 
values and corresponding characteristic odors belong- 
ing to the major  peaks are recorded in Table I. The 

TABLE I 

Rt-Values and Odors of the GLC Fract ions of the Neutral Volatile 
Matter from Oxidized Soybean Oil 

Fract ion number  Rt  at 93~ (rain.) Odor description 

1 6 a Green beans 
2 20 Brown beans 
3 29 Rotten apples 
4 33 Rancid hazelnut 
5 42 Brown beans 
6 53 Citrus 

�9 Rt equal to that of n-hexanaL 

first fraction was more intensely studied. The Rt- 
value is equal to that of normal hexanal, but  the 
latter compound has no "green bean"  flavor. Infra-  
red ( IR)  analysis indicated the presence of mainly 
short-chain aldehydes with the characteristic fre- 
quencies of 1733 and 2730 cm. -1 for the aldehyde 
group and of 725 cm. -1 for the - (CHf )4 -g roup .  

To confirm the presence of carbonyl compounds, 
the 2,4-dinitrophenylhydrazones (DNPt I s )  of Frac-  
tion 1 (dissolved in light petroleum) were prepared 
(3). I t  was found that the light petroleum solution 
of the D N P H s  was odorless after the forming of the 
DNPHs.  

Upon hydrolysis of a small portion of the DNPH-  
derivatives and steam distillation of the liberated 
carbonyl compounds the  typical "green bean"  odor 
could be detected again. This was taken as a proof 
of the carbonyl function in the relevant compound. 

By  paper chromatography (4) of the D N P H s  four 
spots were obtained: two heavy spots having the same 
Rf-values as n-hexanal and n-pentanal and two weak 
spots corresponding to n-butanal and propanal, re- 
spectively (Table I I I ,  Column 2). Af ter  t reatment 
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with alcoholic K O H  the spots turned brown, the 
typical  color for saturated aldehydes, or more cor- 
rectly, for  aldehydes not having a 2,3-double bond. 
Par t i t ion chromatography of the same DNPHs  on the 
nitromethane/sil icagel column (5) gave four  distinct 
bands. The retention-volumes (Rv) and the ultra- 
violet (UV) absorption maxima are given in Table II.  

T A B L E  II 

Partition C h r o m a t o g r a p h y  of t he  D N P H s  of t he  GLC F r a c t i o n  H a v i n g  
" G r e e n  B e a n "  Odor 

B a n d  R v  (ml.)  Xrnax. (m/z, CHCla) 

1 1 9 - - ~ -  - -  3 5 ~ - - -  

2 320 I 360 
3 540 Not  m e a s u r e d  

J V e r y  w e a k  
4 600 Not  m e a s u r e d  

] p V e r y  w e a k  

Paper c h r o m a t o g r a m  co r r e spond ing  
wi th  that  of D N P H  of 

n -hexana l  
n -pentana l ,  3-trans-hexenal 

T A B L E  Ill 

D N P H - S p o t s  of the Or ig ina l  F r a c t i o n  a n d  Ozonolyzed " G r e e n  B e a n "  
B a n d  l b  

Reference D N P t t  of D N P H s  in o r ig ina l  D N P H s  in ozonolyzed 
f r ac t i on  B a n d  lb  

e thana l  .... w 
p r o p a n a l  w s 
n -bu tana l  w .... 
n -pen tana l  s .... 
n -hexana l  s .... 
n -hep tana l  . . . . . . . .  

w = w e a k ;  s = s t rong .  

After  hydrolysis and distillation of Band 1 the 
"g r een  b e a n "  odor was again noticeable, proving 
that, besides hexanal, the unknown substa'nce was also 
present in this band. 

To get fu r the r  separation the DNPHs  of Band 1 
were chromatographed over alumina. Two bands, la  
and lb  could be obtained. On being subjected sepa- 
ra te ly  to the nitromethane/sil icagel column (5),  the 
Rv and Xma~. values for each band were the same as 
and were equal to those of hexanal D N P H  (Table II, 
Band 1). 

Paper  chromatography (4) revealed that  both 
bands also had the same Rf-value as hexanal DNPH.  
After  hydrolysis and distillation Band l a  gave the 
typical  hexanal odor, Band lb  the relevant ' ;green 
bean"  odor; the lat ter  seems to be much stronger 
than the odor of n-hexanal. The isolation of the odor 
carrier  had thus been achieved. 

On the basis of these facts it may be concluded that 
the "g r e e n  b e a n "  odor carr ier  is an aldehyde which 
has possibly not more than six carbon atoms and is 
saturated at the a-fl position. I f  unsaturated,  the 
double bond must be situated between the third and 
four th  or between the four th  and fifth carbon atoms. 

( In  the IR spectra there was no indication for the 
presence of a vinyl group.) 

A portion of Band lb  was direct ly (consequently 
in the form of D N P H )  ozonolyzed (6). The ozonides 
were decomposed, and the volatile decomposition 
products  were distilled in dinitrophenylhydrazine- 
reagent. The DNP Hs  formed were chromatographed 
on paper  (7).  The main component gave a spot at the 
propanal-position. There was an impur i ty  at the 
ethanal position but  no spot at a higher aldehyde 
position. Treatment  with alcoholic K O H  produced 
again the brown color typical  for  saturated aldehydes 
(Table I I I ,  Column 3). 

F rom the presence of the strong propanal  DNPH-  
spot as chief ozonolysis decomposition product  it can 

be deduced that  the isolated unknown flavor carrier  
is presumably 3-hexenal. This aldehyde can be de- 
rived from oxidized linolenic acid, according to the 
theories of Farmer  (8) and has actually been pre- 
dicted as a possible decomposition product  of linolenie 
acid by Broderick (9). On theoretical considerations 
(see Discussion) it was concluded that  this 3-hexenal 
must possess the cis stereoeonfiguration. After  syn- 
thesis of 3-cis-hexenal the properties were indeed 
found to correspond completely to the isolated "g reen  
bean"  compound from oxidized soybean oil. 

Experimental 
Oxidation and Analgsis. An amount of refined and 

deodorized soybean oil (4 kg.) was oxidized for 4 hrs. 
at 120~ in a strong current  of air. The volatile 
products were condensed in a spiral cooled in d ry  
ice/alcohol. The oil was subsequently str ipped at 
170~ and 10 ram. Hg by passing through nitrogen 
gas for 6 hrs. 

The total condensate, consisting of water, a small 
amount of lower fa t ty  acids, and neutral  substances, 
was extracted with light petroleum. The extract  was 
neutralized with 10% aqueous sodium hydrogen car- 
bonate, washed neutral  with water, and dried over 
anhydrous sodium sulphate. Subsequently the solvent 
was evaporated in vaeuo, using a freeze-drying ap- 
paratus. The residue was fraetionated on a GLC- 
column (Figure  1 and Table I ) ;  the fractions were 
separately collected in a t rapping system after  the 
detector (gas-density balance). 

The liberation of the DNPHs  was carried out by 
boiling a few rag. of them with 2-3 ml. of 2 N  sul- 
phuric acid in a small all-glass distillation apparatus. 
The condenser is provided with an adapter  and sub- 
merges beneath the surface of 2 nil. of light petroleum 
in a test-tube. After  hydrolysis the volatile earbonyls 
are distilled with the water vapor and collected in 
the light petrolemn. DNPHs  with melting points far  
above 100~ are liberated by the method of Keeney 
(10). 

The miero-ozonolysis of DNPHs  (6) was carried 
Out as follows. 0.02-2 rag. of DNPH-compound is 
dissolved in 1-3 ml. of carbon tetraehloride. A mix- 
ture of Oa, O., is blown through the solution at 0~ 
until  it becomes colorless. The carbon tetrachloride 
is evaporated i~ vavuo, and the residue is dissolved in 
water. This solution, to which some crystals of fer- 
rous sulphate are added to decompose the ozonides, 
is boiled, and the liberated volatile earbonyls are 
stripped by a stream of nitrogen and collected in two 
washing-bottles filled with dini t rophenylhydrazine 
reagent. The DNPHs  formed are ehromatographed 
(7). 

For  IR analyses a Unicam S.P. 130 double-beam 
grating speetrophotometer was employed and for UV 
analyses a Unlearn 500 S.P. UV spectrophotometer. 

Synthesis of the DNPH of 3-cis-Hexenal. For  the 
synthesis of the D N P H  of 3-cis-hexenal, at first, 3- 
hexynal was prepared according to the method of 
Herbertz  (11). 1-Methoxy-l-buten-3-yne (b.p. 62~ 
at 80 mm.; n 20/D 1.4778) was converted into the 4- 
sodium compound with sodium amide. By  t reatment  
of the product  formed with diethyl sulphate, 1- 
methoxy-l-hexen-3-yne was obtained (b.p. 98-100~ 
at 75 ram. ; n 25/D 1.4868; yield 46%).  

Upon part ial  hydrogenation with a palladium cata- 
lyst, according to Lindlar  (12), 1-methoxy-hexa-l,3- 
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diene was formed (b.p. 75-78~ at 75 ram.; n 25/D 
1.4659; yield 70%). From GLC analysis it appeared 
that this substance contained 80% of the product. 
IR analysis (Figure 2) proved the presence of the 
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FIG. 2. I n f r a r e d  s p e c t r u m  o f  1 - m e t h o x y - h e x a - l , 3 - d i e n e  
( trans,  cis).  

cis-trans conjugated double bonds (945 and 980 
cm,-1). Acid hydrolysis of 1-methoxy-hexa-l,3-diene 
and immediate DNPH-formation of the aldehyde 
formed was achieved by using the dinitrophenyl- 
hydrazine-celite column (3). 

Partition chromatography of the synthetic 3-cis- 
hexenal-DNPH gave three bands on the nitromethane/ 
silicagel column (5). Paper chromatography (4) of 
Band 1 (the major component) gave a spot corre- 
sponding with n-hexanal-DNPH and with the DNPH 
of the isolated natural product (of. Table I I ) .  IR 
analysis of this band indicated the presence of a mono- 
unsatnrated aldehyde (Figure 3a) and showed no 

; ~o  l o o o  1 6 o o  ~ o o  

- 1  

~ 'm ,  3. I n f r a r e d  s p e c t r a  o f  s y n t h e s i z e d  3-cis-hexenal D N P H  
( a )  a n d  s y n t h e s i z e d  3-trans-hexena] D N P H  ( b ) .  

trans absorption at 970 era. 1 The IR spectrum of 
authentic 3-trans-hexenal-DNPH (synthesized also 
in our laboratory) is very similar (Figure 3b) but 
has a very strong trans absorption at 970 era. -~ Band 
1 was reehromatographed on alumina and eluted with 
light petrolemn/ethyl ether (49:1). 

No impurities were found, and it was concluded 
that during the hydrogenation step of the synthesis 
no n-hexanal had been formed as a by-product. Ozo- 
nolysis (6) of this DNPH and paper chromatography 
(7) of the DNPH of the decomposition product ob- 
tained by ozonolysis again gave propanal. This con- 
firmed the expected position of the double bond. 
After hydrolysis of Band 1 and distillation the "green 

bean"  odor was perceptible. The odor could not be 
distinguished from that of the natural product iso- 
lated from reverted soybean oil. 

Discussion 

As has been already mentioned, the formation of 
3-hexenal from oxidized linolenic acid is readily ex- 
plained by the theoretical considerations of Farmer 
(8). The "c i s "  configuration can be predicted by 
applying the rules of Nichols et al. (13) to linolenie 
acid. The reaction scheme may be illustrated as 
follows: 
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CtI~--CH:--CIt=CII-CH=--CH=CH--CH~--CH=CH-- (CH:) ~--COOH (I)  

e e 

C H ~ - C H ~ - - C H = C H - C H ~ - - C H - C H = C H - C H = C H -  (CH~) ;--COOH ( I I )  

[ z  t c , e 

CH~-CH:-CtI=CH-CH~-CII~4CH=CH-CH=CH-(CH:)7-COOH ( I I I )  
i , ]  

e ' ,[ 
CH~-CII~-CH=CII-CH=,-CIIO + other products. ( IV) 

In the initial stage of the oxidation an hydrogen 
atom can be abstracted from the linolenie acid mole- 
cule (I) at the C11-atom leading v/a an allylie re- 
arraugement to give radicals such as ( I I ) .  This gives 
the hydroperoxide ( I I I )  as a primary oxidation prod- 
uct. The hydroperoxide can decompose in a number 
of ways, one of these leading to 3-cis-hexenal (IV). 

Apart from 3-cis-hexenal, Fraction 1 (Table I) 
contains n-hexanal (in Band 1 of Table II)  and by 
the same sequence of analysis 3-tra~s-hexenal (in 
Band 2 of Table II) .  The fomnation of n-hexanal 
from oxidized linoleic acid is obvious; an attempt to 
explain the presence of 3-trans-hexenal would seem 
presumptuous at this stage of the investigation. At 
any rate the odor of Fraction 1 is dominated by 3- 
cis-hexenal. It  is however clear that 3-cis-hexenal is 
not the sole reversion flavor of soybean oil. Table I 
records other characteristic odors, which are at pres- 
ent under investigation. 
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