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(las Chflromatographic and Mass Spectral Analyses 

of Soybean Milk Volatiles 

Walter F. Wilkens' and Fang M. Lin 

Gas chromatographic and mass spectral techniques tively identified. Hexanal was the major volatile were employed in the isolation and identification component. Their precursors and the presence inof the volatile components of whole-fit soybean other soybean derivatives are discussed. Themilk. Forty-one compounds were positively identi- typical green-beany flavor of soy can probably befled, and an additional 13 compounds were tenta- ascribed to a mixture of many compotnds. 

n the production ofsoy-based food products, the problem 
of off-flavor development is often a deterrent to product
acceptability. One such product, whole-fat soybean

milk, develops beany-rancid flavors during its production 
(Wilkens ei al.,1967). 

Soybean milk has been prepared for hundreds of years in 
the Orient by a traditional method of soaking beans in water 
for several hours, followed in order by grinding with water,
filtration, and cooking for about 30 min. (Smith, 1949).

There were a considerable number of reports on the studies 
of volatile compounds front raw soybean (Badenhop and 
Wilkens, 1969; Jani.ek and Hrdligka, 1964; Mattick and 
I-land, 1969), soybean flour (Arai el al., 1966a,b; Arai et al.,
1967; Fujimaki et cd., 1965; Teeter et al., 1955), and soy-
bean oils (Chang et al., 1961 ; Gaddis et al., 1961; Grosch 
and Schwencke, 1969; Hill and Hammond, 1965; Hoffmann, 
1961a,b; Kawahara and Dutton, 1952; Martin ei al., 1948; 
Mookherjee and Chang, 1963; Mustakas el al., 1969; Sche-
partz and Daubert, 1950; Schmalfuss and Treu, 1927;
Snouse and Chang, 1967; Stapf and Daubert, 1950; Von 
Pezold, 1959). This paper reports the isolation and identi-
fication of volatile compounds from whole-fat soybean milk. 

MATERIALS AND METHODS 

Sample Preparation. Whole soybeans, variety Harasoy 63, 
were soaked in 400 C distilled water for 2 hr to double the 
original bean weight. Two parts of the soaked beans were 
ground with nine parts of 25' C distilled water in a Model 
CB-5 Waring Blendor for 5 min to achieve the final product 
temperature of 45 to 500 C. A total of 1It I. of sample was 
prep'arecd for distillation, 

The volatiles were distilled front 1.1-1. batches with a 
rotary flash evaporator system under reduced pressure (about
320 mm Hg). The forming tendency was partially reduced 
through the addition of Antitfoarn AF which had previously 
been stripped of volatiles. A constant temperature water 
bath at 80" C supplied heat input for the distillation. The 

and -76' Cinterfaces, as shown in Figure 1. Approximately
250 nl of distillate was collected from each batch. 

The volatiles were extracted from 11-1. distillates of the 
0'C condenser trap with 500 ml redistilled CS2in a continuous 

liquid-liquid extractor. The -76' C trap distillate was 
extracted with CS, by repeated separatory flask extractions. 
After cautiously distilling off most of the solvent in a nitrogen
atmosphere, the 200 to 300 mg residue was obtained from the 
combined CS2 extract. 

Gas Chromatography. Components of the CS .extract were 
fractionated with a Varian Aerograph Model 152013 gas
chromatograph on a '/410-ft X in. o.d. aluninum column 
packed with 20% SE-30 on 60 to 70 mncsh Arakroni Ali at a 
helium flow rate of 60 ml per min. The tempiraure was 
programmed from 70* to 275" C at I' C per nin. Eighteen
fractions were collected in 16-in. x 2-mam i.d. glass tubes 
with dry-ice coolants. Each fraction was rechronatographed 
on a 10-ft X 3/4-in. o.d. aluminunt column packed %%ith25% 
Carbowax 20M on 60-70 mesh Anakront All at a heliuml 
flow rate of 60 ml per nin. The temperature was pro
grammed from 500 to 250' Cat I'C per min. The subfrac
tions were rechromatographed on a 10-ft X '/-in. o.d. stain
less steel column packed with 25%.Carbowax on 60 70 mesh 
Anakrom AB at a helium flow rate of 30 ml per nin with 
temperature programming from 50 to 2500 C at I I C per min 
for relative retention time data against a series of ethyl ester 
standards. 

Gas Coromatography-Mass Spectrometry. The subfrac

tions were rechromatographed under conditions similar to 
those used for retention time data. The effluent was passed 
into a heated (200' C) helium separator (Watson and lBieniann, 
1964) interfaced at the inlet of a Model 12-1OA Ilendix 
Time-of-Flight mass spectrometer. The clution of com
pounds was observed through the use of a Bendix total output 
integraior and ; 'exltoni,. 'ylpc 545B oscillosc,pt. 'Ie 
scan rate was set to give a 5-sec scan between n/c, 40 and 1). 
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Figure 2. Gas chromitogram of the volatile components from soy
bean milk
 

Programnmed at 2 C per min front 500 C to 2400 C on a 10-ft X'/,-in. o.cl. 	 *4Carbowax 20M column 
I
 

RESULTS AND 	 DISCUSSION. 

It is recognized that the lipids in the soybean milk in this 15 135 125 215 Io 93 85 7 65 5 43 33 
invei.ti.ation were subjected to more extreme oxidizing con- M/8 
ditions than normally would be encountered in soybean niilk. Figure 4. Mass spectra of 2,3-octanedione
 
However, the collected distillate possessed a characteristic

odor of original soybean milk.Thoof oigalsro 	 oeanhil.sDefinite identification of 41 compounds was obtained, andThe gas chromnatographic separation of the total volatile tentative identifications were assigned to an additional 13
distillate in the Carbowax column is shown in Figure 2. 
Peak identifications were designated positive if mass spectral compounds, as shown in Table I. The compouncms not pre
andl retention time data matched known standards analyzed viouslyundeisl~ume~t ondiion. Rlatie rtenion identified"rherew~erein soy-derivedno definite reasonsproductsto aresuspectmarkedthat somewithidntial 	 asterisks. 
Linder identical instrument conditions. Reltive retention of the identified compounds represent arti factsor contaminant, 
i i i ie ( p of h u k o co p n s e ebut such a possibility cannotbe xc lded. 
relative to a series of internal ethyl ester standards, where the bus a pough cano e eced. 
carbon chain length of the acid function represents a whole Figures 3 through 6 are ienumxaner eth l 6.0h 	 ) ( an len Doo an mass spectra of the conloundsate Krtz, not reported previously in]soy-derived products. Thie upper

1963). WVhere standard ct0mpounds were not available for


196). her stndad 	
spectra in each figure was from soymilk, the lower spectra wascmpondswer no avilale or from the corresponding authentic compound. O)nly precoiaparison, tentative identilications \,ere assigned if reference frou tnpis autetic com nd. 

literature spectra were available or the IF Values could be viously unpublished m'ss spectra are shown here. 
interpolated through homologous series plots. Many compounds shown in Table I arose from the lipids in 

Approximately 80 peaks were evidenced by tile C13W X the soybean milk by mechanisms involving autoxidation, 
20M gas chroinatograin of the whole sample, as shown in hydrolysis, decarboxylation, and dehydration.
Figure 2. Many of thesecon,.isted of two or more compounds Acetaldehyde can arise from both linoleic and linolenic 
and were separated by first collecting cuts the nonpolar l., Pentnal,on 	 acids (Gadldis et a 1961). hexanal, 2-hetanal,r matgrphin 	 2 -o cte n a l, 2 , ,4 lcolu, ndech onthe Carb wax coh nn. 2 ,4-no n ad ie na l, -d eca dic nal, a n d pent 'toocolumin andl rechromiatograph ing on the Carbowax columin. 

wcte shown to arise front linoleic acid by the catalytic actiono 	 f trsslsensitivity limitation combined with over- of lipoxygenase in soybean (Grosch and Schwencke, 1969).ol' assspetraliitaioncomine wih oer- In addition to the compou~nds mentioned above, 2-heptanone,sesitvit 
lapping peaks and background, especially at the higher tem
peraturc region of the glc program. 
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Table I. Volatile Compounds of Soy Milk Identified by Gas Chromatography and Mass Spectrometry 
IV:
 

Relative Retention
 
'ime Indices
 

Compuund 

i-kitoWn-
front 

Soy Nilk 
Authentic 

Compound 

Mass 
Spectral 

Identification 

Reterence 
for 

Niass Spectra 

G.C. Peak 
Identiflcaion 

Cumment 
Aldehydes 

Acetaldehyde 
Isobutanal-1 
Butanal 
Pentanal 
Hexanal 
2-P.entenal 
Heptannl 
2-Hexenal 
Octanal 
2-IHeptenal 
2,.4-Hexadienala 
Nonanal 
2-Octenal 
2,4-Heptadienal 
2-Nonenal 
2-Decenal 
2,4-Nonadienal 
2,4-D)ecadienal 

0.4 
1.00 
2.00 
3.12 
4.44 
4.82 
5.43 
5.80 
6.59 
6.86 
7.56 
7.62 
8.f2 
8.52 
8.99 

10.00 
iO.52 
11.78 

0.44 
1.00 
2.00 
3.16 
4.43 
4.76 
5.52 
5.82 
6.59 
6.82 
7.62 
7.62 
8.00 
8.58 
9.02 

10.00 

11.67 

-
-
+ 
+ 
4+ 

-
+ 
-

-1-
+ 
+ 
+ 
+ 
+ 

+ 

A 
A 
A 
A 
A 

A 
A 
A 
... 

A 
A 
A 

A 
A 
A 

(Cornu and Nlassot. 
A 

1966) 

p 
P 
p 
P 
I 
T 
p 
p 
P 
T 
p 
P 
p 

P 
P 
1) 
1 

P 
Acetals 

I,l-Diethoxyethane., 
I,I-Diethoxy)propane 
II-Dielhoxyhexane" 
l,I-Diethoxynonane, 

2.00 
3.00 
6.00 
9.00 

1.00 
3.00 
6.00 
9.00 

+ 
-
+ 
+ 

(Cornu and Nassot, 1966) 
(Cornu and Massot. 1966) 
(Cornu and Nlassol, 1966) 
(Cornu and Massol, 1966) 

T 
T 
T 
,T 

Esters 
n-Hexylacewale, 
I'entyl hexanoate' 

6.40 
8.85 

6.37 
8.76 

+ 
+ 

A 
A 

P 
P 

Sulfur Compound 
l:enzolhiuzole , 

13.05 13.02 + A P 
Hydrocarbons 

Pentanen 
1,4-Pentadiene', 
Ethylcyclohexenea 
Decane 
3-Met hyldecane. 

0.60 
0.70 
2.79 
3.47 
4.29 

0.44 
0.70 
2.95 
3.39 
4.38 

+f. 

-1-
(Cornuand Massot, 1966) 

A 

A" 
. . . 

T 
P 
T.. 

) 

Aromali Cotpatnds 
Benzene 
n-Propylbenzene, 
n-BLutylbenzene., 
Benzaldehyde 

2.64 
5.801 
6.84 
8.86 

2.59 
5.74 
6.80 
8.84 

+ 
+ 
+ 
-

A 
A 
A 
A 

P 
P) 
P 
p 

Ketones 
Elh)I vin) l ketone 
2,3-Pentanedionen 
2-Heptanone 
3-Octanone 
2-Oclanone 
Am) I %m. I eione" 
2,3-Ocuanedione' 

3.76 
4.18 
5.45 
6.21 
6.53 
6.70 
6.92 

3.67 
4.04 
5.41 
6.19 
6.51 
6.69 
6.90 

+ 
+ 
+ 
-

+ 
+ 
-I-

A 
A 
A 
A 
A 
A 
A 

P 
I' 
1) 
P 
P 
I 
P1. 

4hohls 
Ethanol 
I-Penten-3-ol 
2-Hexanol, 
1-Pentanol 
1-Hexanol 
3-Octanol', 
I-Octel-3-ol 
I-Octanol' 
2-Octen-l-ol' 
-Nonanol,' 

2.34 
5.06 
5.83 
6.00 
7.06 
7.51 
7.98 
9.09 
9.57 
10.00 

2.34 
... 
5.66 
6.00 
7.00 
7.52 
7.98 
9.09 

10.0?.-

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

A 
(IBondarovich et aL, 1967) 
(Cornu and Massot, 1966) 

A 
A 
A 
A 
A 

(Cornu and Massot, 1966) 
A 

I' 
T 
T 
P 
1) 
P 
I' 
P 
T 
I) 

Others 
l-Pent.lruran 
Hexanoic acid 
y-Nonalactone-, 

6.00 
12.46 
13.86' 

6.02 
12.50 
13.71 

-
+ 
+ 

A 
A 
A 

P 
P 
P 

a Previously not reported In soybean-derived products. P = positive; T - entative; A - authentic compound. 
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2-octanone, l-octene-3-ol, and 2-pentyl furan can also arise 
from linoleic acid (Smouse and Chang, 1967). 

As is known by alarge number of reports, octanal, nonanal, 
2-nonenat, and 2-decenal can arise from oleic acid. 2-
Penlenal, 2,4-heptadienal, ethanol, and -penten-3-ol can arise. 
from linolenic acid. 

1lexanal comprised about 25 wt% of the volatile sample. 
Fujimaki et al. (1965) reported approximately 10 ppm of 
hexanal in raw soybean. With extremely low threshold 
(Day et (i., 1963), hexanal is probably one of the major corn
pounds contributing to the disagreeable aroma of soybean 
milk. On exposure to air, hexanal could be oxidized to hex-
anokc acid (IE = 12.46) which possesses a harsh, fetid odor. 
Hlexanoic acid was found in defatted soyflour (Teeter et al., 
1955) and raw soybean (Arai eral., 1966b). 

tlexanol (I = 7.06), possessing a harsh, grassy odor tit 
high concentration, was considered one of the alcohols which 
contributed to the green-beany odor of raw soybean (Arai 
eta., 1967). 

2-1-lexenal (IF = 5.80), known as leaf aldehyde, pOSsesses 
a pronounced odor of green foliage. The authors were not 
able to detect the presence of 3-cis-hexenal, which was found 
in the oxidized soybean oil and described as possessing green-
beauy odors (Hoffmann, 1961). However, t-2-hexenal could 
be derived from cis-3-hexenal (Winter, 1962) during soybean 
milk preparationand volatile extraction. 

Both l-penten-3-ol (IF = 5.06) and 1-octen-3-ol (IF = 7.98) 
were reported in reverted soybean oil. 1-Octen-3-ol could be 
formed during the soaking of soybeans in water as pretreat-
ment for soybean milk preparation. This compound has 
a moldy odor with the threshold between 0.5 and 1.0 ppm in 
soybean milk (Badenhop and Wilkens, 1969). 

Ethyl vinyl ketone (IE= 3.76) was reported as responsible 
for the green-beany odor of soybeans, and the threshold was 
estimated to be lower than 5 ppm in soybean milk (Mattick 
and Hand, 1969). Amyl vinyl ketone (IE= 6.70) is identified 
in a soybean product for the first time. This compound has 
been found in oxidized milk fat (Keeney and Doan, 1951) and 
the decomposition product of corn oil (KrishnamurtiJy and 
Chang, 1967). 

2-Pentyl furan (IE - 6.00) was described as possessing a 
characteristie -beany or grassy odor, and predominantly re-

sponsible for the reversion flavor of soybean oil (Smouse and 
Chang, 1967). 

Not all of the compounds identified in this investigation 
possess a disagreeable odor. For example, it is well recog-
nized that benzaldehyde possesses a cherry or almond-like 
aroma; octanol, nononol, and 1,l-diethoxvpropane have an 
odor slightly reminiscent ofroses; most of the aliphatic methyl 
ketones possess fruity aromas; 2,4-decadienal was reported 
as having potato chip-like odor (Mookherjee et al., 1965); 
and -y-nonalactone possesses butter or coconut-like aroma. 
However, these compounds seem to occupy a very small 
portion of the total volatile flavor components of soybean 
milk. 

The majority of the identified compounds poisessed unde- 
sirable odors. Several compounds could be described as
beany. No single peak in gas chromatograns could approxi-

mate the overall off-flavor of soybean milk. 
Since no effort was made to relate the concentration 

of each identified compound occurring in the soybean milk, 
and probably a great number of compounds are still uniden-
tified, the flavor reconstruction to form characteristic odors 
of soybean milk remains to be solved. However, it may be 
Cotcluded that the typical green-beany flavor of soy can prob-
ably be ascribed to itmixture of many compounds. 
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