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W7/ dcntificatioi of a Volatile Component in Soybeans That 

Contributes to the Raw Bean Flavor 

Lconard R. Mattick and David B. Hand 

A volatile component which develops in soybeans 
and contributes to tile raw hean odor and flavor 
has been isolated and identified as ethyl vinyl ketone 
by gas chromatography and mass spectrometry. 

'h,,.ii law baean flavor of soybeans has bcen rect,,-Il ni/ed as atmajor flavor defect when soybeans are 
-;L used as food for hunian consumption. The major 

Objeclionablc flavor has been described ils "green bean-
like." This flavor is not present in the original intact raw, 
whole soybean but develops imnediately after iaceration 
of the bean. The formationi of the compound probably 
results fron enzynatic action, since its appearance is rapid 
and only in tihc unblanched product (Wilkens r/ al., 1967). 
Other Iood products are known to form characteristic 
flavors by vnzynatic action following niacelation-i.e., 
horeridih and onions. 

*lhe characterization of the component responsible for 
the flavor defect and an insight into its mechanism of for-
iation should aid the development of soybean products 
mtore l ahlilble for humin consumption, 

IAt IIAI.. AND MI-TIIODS 

iniple l'repirition. A sample of 350 grais of soy-
beans (var. Clark) was ground in a Waring Blendor (Model 
CBI-41 wIIh 20l) nil. oflistilled water. The initial grinding 
was ticconplished at the low speed for 30 seconds, iinnie-
dately foilowed with the high speed for 1.5 linutes. The 
il. :ul tenper,iturie of the mixture wts 250 C.; however, 
becluse of tile heat generated during the grind, the final 
tenifieratutire was between 340 and 35' C. This slurry wis 
transferred to a 12-liter distilling flask. A distillation 
train (Figllre I) was devised employing gradient cooling 
io condense the volatiles. A vacuum of 5 mni.of Hg wts 
nliaillied throughout the distillation, as measured be-
Iween the liquid nitrogen trap and the manostat before the 
vacuulri puip. leat applied to the distillation flask never 
exceeded 40' C. A stream of nitrogen was enployed to 
sweep tle voliatiles from the distillate through tile gradient 
itenpraltire traps and to prevent bumping during the 
di.,,dial ion. fie sample was subjected to vaicuumldistilla
lion for 2 hoir,, after the boiling point of the slurry inder 
redti+ced presar"was reached. 

(,is (0hro,-,o.tralphic Analysis and Odor Evaluation. 
Following disfilation, the trap, imnmersed in liquid nitro-
gein, was sealed with iI rubber septi. This tube was 
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The green bean odor and flavor have been attributed 
to this compound. This component was ibolated 
by distillation at 400 C. into cold traps of dry ice 
and ethanol or liquid nitrogen. 

plaied in a w ,i:e bath at 60' C. for 5 inih)inlcs. A I 
aliquot o1" the head space was IrCmovCd LISng a It-na. g.
tight syringe (Hamillon No. 1010). This salmple wa.s in
troduced into an on-column injection s) in ofia Beckman 
Model GC-4 ,its chromatographic instrumnent eCuipped 
with flm ionization detector,. Since the flanl ionization 
detector will burn the effluent is it emnerges from the col
uLnn, the odoriferous material as it i elited from the co;-
Uin cannot be detected without niodification of the dthec
tion system. An cllilunt spilter (10 to 1)was placed 1a; 
mediately after the gas chronatoriihic colunl and before 
the dezector. The single portion was diverled to tile de
tector, while the tenfoid portion was epelhed to the at
niosphere through a heated line. iploying this n'vodi. 
lication. the reeition time of the conpound iniparting tile 
raw bean odor was determined and the odors of the other 
coIpoilents were valhtitled. 

The carrier gas was helium with atflow rate of 4) il. per 
minute. The colunin was 6-feet X '/,-inch o.d. stainless 
steel, with 20% FFAP on Chromosorb W 100- to 120
mesh as the packing. The temperature parilmeters we.c: 
in.iector, 220" C.; column, 600 C.; and detector oven, 
2500 C. 

Mass Spectrometer Analysis. The Outlet gas chromatto
gral)hic inst-flment wis connected to the inlet of a Bendix 
Time-of-Flight mass spectroieter (Model 12-101A) 
through a helium separator (Watson and Bientann, 1964' 
which was heated and mnllnn.r1 t' W lt, 
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Flgure 1. Distillation train (or separation of green bean volawt 
flavor of.soylheaals 
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the analysis. The mass spectrometer was equipped with a 

Bendix total output integrator. The mass spectrometer 

was the gas chromatographic detector, and any time lag 

due to holdup volume of the connecting tubing was elimi-

nated. The scan controls of :he mass spectrometer were 

set to give a 5-second scan between in/e 40 and 150. The 

gas chronmatographic conditions previously described were 

employed in the separation of the components to be pre-

sented to the mass spectrometer. The gas C6hromato-

graphic system was used to separate the mixture of corn-
mass spectrum of a single component wits 

obtained by direct elution into the mass spectrometer. 
ponents, and tile 


RESULTS AND DISCUSSION 
The chromatogram of the head space sample (Figure 2) 

shows (hie peak which exhibited thie green bean odor. Th.'s 
exhibited the characteristicpeak. the only peak which peihonyneakwprevbit yech rib. 

ot'o', wt i,,aied using tle "gs'fer 
The odor in.parted by the remaining peaks was bland and 

could be described as "aldehyde-like." The area of the 
peak exhibiting tileraw bean odor was small in relation to 
the other components cluted. However, the odor was 
very strong and penetrating. 

When this peak was subjected to mass spectrometer 

analysis, a patrent peak of in/e 84 was observed, while the 
bac peak wa.s present at nile 55. The base peak suggests a 

viyi'I ketone (CH4C=C--C=O). The difference be-
tween the base and parent peaks indicates that the re-
mainder of le molecule was an ethyl group (n/e 29). The 
mass spectrUlm for ethyl vinyl ketone wits obtained with 

an authentic sample. A comparison of the spectra of the 

unknown and the known compounds indicates that til 

compounds are identical (Figure 3). The retention times 

of the unknown and the authentic ethyl vinyl ketone further 

substantiaze the identity of the compound (Figure 4). 

The large peak preceding the ethyl vinyl keto,le was 

identified by the procedure previously described. This 

compound was identified its-pentanal. 
Soybeans were ground as described above, but the te;n

perature of the water was 90" C. Trhe results of Wilkens 

ela. (1967) were duplicated. The raw bean odor was not 

observed during grinding or in the linal slurry. When this 

slurry wa, suhjiected to vacuuL distillation and gas chro

the ethyl vinyl ketone peak wasmatographic analysis, 

eliminated.raw odor. When ethyl vinyl ketone hud
Soybean milk prepared in this mannerwas a:ddedno bean 

norwbaod.Whneylvylktewsadd 
to this milk to give a concentration of 5 p.p.m., the raw, 
green bean odor was judged to be present. 

bean avor ts tt ta only fvor .. 
the raw bean flavor of soybean milk.tributes to total 

Other components formed during the oxidation of lipoxi
dase (Wilkens et al., 1967) have an efhect on the over-all 
total raw bean flavor. However, they are relatively mik! 

in odor intensity, compared to the green bean flavor, ethyi 
vinyl ketone. These data coincide wiLh the resui~s of'Hii 

and Hammond (1965), which attribute the Ilavor iinpa'ted 
in the early stages of the atutoxidation of soybean oil to 

mixtures of pentanal and ethyl vinyl ketone. 
The theories of autoxidation of unsaturated fatty acids, 

together with the action of lipoxidase in soybean milk. 
could advance a possible mechanism of formation by the 
oxidation of linolenic acid: 

0 

CH-CHr-CH=CH-CH3-CH-CH-CH2-CH= HCH.),-C -O-R 

Linolenic acid
*bI 

! 0] [o1 /0 

CH-CH-C=CH--CH2 -CH-CH=CH-CH=CH-(CH)r-C -O-R 

CHC H--CH)r-C -O-RCH-CHr-CH--CH-CH2 

1(0) 
CI--CH-C{CIl-CH2 

CHI-CK--C-CH=ClHf2 
16 J.AGR.FOODHOOM 
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Figure 2. Gas clromatogrnm of componenls in liquid nitrogen 
trap 
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Figure 4. Retention timus of ethyl vinyl ketone and componeaIl 

exhibiting green bean odor isolated from soybean milk 

If this hypothesis is valid, amyl vinyl keLone \%ould J6o 
be formed by 'uutoxidationof linoleic acid. Keeney and 

Doan (1951) have demonstrated the presence of this com

pound in oxidized milk fitt. 
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