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NOTE

Dimethyl Trisulfide Produced by
Bacillus sp. in Cooked Soybean

JI, WON DAE, SANG JUN LEE AND JONG KYU KIM*

Department of Applied Microbiology, Yeungnam University, Kyongsan 712-749, Korea

The neutral fraction of whole volatile flavor compounds produced by Bacillus licheniformis SSA3
and Bacillus subtilis PM3 in cooked soybean was identified by using GC/MS and Kovats retention index.
The presence of dimethy! trisulfide, which emits characteristically Korean soy sauce-like odor in traditio-
nal Korean soy sauce, in identified volatile flavor components was confirmed. Dimethyl trisulfide may

be produced by Bacillus licheniformis SSA3 and Bacillus subtilis PM3 in cooked soybean.

Dimethyl trisulfide (DMTS) is usually an off-flavor com-
ponent in vegetables.

Several reports about it have been published. Buttery
et al. (2) identified DMTS in Cabbage, Broccoli and Cau-
liflower, and proposed that it is one of the off-flavor
components in these vegetables.

Maruyama (11} reported that although it exists in the
Brassicaceous vegetables less than dimethyl disulfide
{(DMDS) and other sulfur-containing compounds DMTS
is an important off-flavor component because of its unp-
leasant quality. Whitfield et al. {16) also reported that
DMTS is an important off-flavor component in the royal
red prawn (Hymenopenaens sibagae) of crustaceans.

Furthermore, DMTS was found in samples of potable
water ranging from 5 to 250 ng/liter. Its presence in
concentrations higher than 10 ng/liter was associated
with the objectionable odor from water samples (15).

On the other hand, DMTS was reported to be a chara-
cteristic impact compound which emits soy sauce-like
odor in traditional Korean soy sauce (7) and is known
to be presence in Japan shoyu (17, 18), and to prevent
from thrombosis.

DMTS is known to be produced by the action of mic-
robes such as Pseudomonas putrepaciens and Pseudo-
monas perolens (12), and Bacillus sp. is related to pro-
ducing the aroma of traditional Korean soy sauce {10).
However, it is still unknown what sort of microorganisms
produce this component in fermented foods.

The results of this study show that DMTS is produced
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by Bacillus sp. in cooked soybean.

Soybean medium was prepared as follows: soybeans
were soaked in water at room temperature for 16 hrs,
boiled at 106°C for 3 hrs and crudely crushed. They
weighed 300 g in an Erlenmeyer flask. They were then
autoclaved at 121°C for 30 min.

Bacillus licheniformis SSA3 (10) and Bacillus subtilis
PM3 (6) isolated from the traditional Korean soy sauce
and the soybean paste, respectively, were inoculated at
soybean medium with 0.1% (preincubated culture at
same medium for 7 days) of the total culture volume.
They were incubated at 30°C for 55 days.

The volatile flavor components produced by these
strains in soybean medium {700 g) were exiracted by
steamn distillation-solvent extraction apparatus (14). Di-
methyl ether (100 ml) was used as an extracting solvent.,
Steam distillating-extraction was continued for 2 hrs.

The neutral fraction was isolated from whole volatile
flavor components after extracting with 5% HCl first and
with 5% NaOH followed, as Fujimaki et al. (4)’s method,
and concentrated by the use of a rotary evaporator up
to 150 w, and identified according to GC/MS and Ko-
vats retention index (5,13).

GC/MS analysis was carried out with a Finnigan MAT
4510B as follows: column; CARBOWAX-20M-25M, in-
jection port temp.; 230°C, detector port temp.; 250°C,
carrier gas; He {5 m//min.), electron voltage; 70 eV, split
ratio; 30:1, programed oven temp.; 45°C for 2min., from
45°C to 220°C at the rate of 15°C/min. and then at
220°C for 11.4 min.

DMTS was identified in the neutral fraction of volatile
flavor components produced by Bacillus licheniformis
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Fig. 1. Gas chromatogram of the neutral fraction frac-
tionated from whole volatile components produced by
Bacillus licheniformis SSA3.

=: DMTS indicated by an arrow.
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Fig. 2. Gas chromatogram of the neutral fraction frac-
tionated from whole volatile components produced by
Bacillus subtilis PM3.

=: The arrow indicates DMTS.

SSA3 and Bacillus subtilis PM3 after being incubated
in cooked soybean at 30°C for 55days. Fig.1 and 2
show gas chromatograms of the neutral fraction of vola-
tile flavor components produced by these strains. Fig. 3
shows mass spectrum of DMTS,

DMTS was identified in traditional Korean soy sauce
(7) and Japan Shoyu (17,18). Generally, Bacillus sp.
does not only produce the aroma of traditional Korean
soy sauce, but also participates in the manufacturing
of fermented foods such as traditional Korean soy sauce
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Fig. 3. Mass spectrum of dimethyl trisulfide obtained
from indicated peaks of Fig. 1 and Fig. 2.

(8), soybean paste (9) and Japan Shoyu (1).

These results strongly suggest that DMTS may be pro-
duced by Bacillus sp.

Chen et al. (3) identified this volatile flavor component
in Shitake mushroom and proposed the following me-
chanism. Cyclic S compounds in Shitake mushroom ori-
ginate from lentinic acid which is a derivative of y-gluta-
myleystein sulpoxide. There are two enzymes responsible
for the conversion of lentinic acid into cyclic S compou-
nds: they are, y-glutamy! transpeptidase and cystein sul-
poxide lyase (C-S lyase). These cyclic S compounds may
be undergo methyl disulfide which indicates an impor-
tant intermediate for the polymerization of S compouns
such as DMTS.

The other formation mechanism of DMTS was sugge-
sted by Miller Il et al. (7) as follows: methanethiol, which
can be derived from cystine, cystein, methionine or pos-
sibly glutathione, may be undergo a direct oxidation to
DMDS, involving sulfenic acid intermediates. The forma-
tion of DMTS may be resulted in the reaction of hydro-
gen sulfide with the unstable sulfenic acid.
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