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Doenjang(Korean fermented soypaste) was suspected to be contaminated by aflatoxins from Aspergillus flavus
due to the traditional natural fermentation. However, the aflatoxins could be destroyed even though A. parasiticus
was contiminated on purpose during the manufacture of the doenjang. Ammonia and browning products from
the fermentation, increase of pH, sunlight, especially the addition of charcoal degraded the formed aflatoxins
during the process. On the contrary, doenjang exhibited the strong antimutagenic and anticancer activities. The
methanol extract of doenjang showed antimutagenic activities against various carcinogens. The antimutagenic
activity still remained even in the boiling products of doenjang soup and doenjang stew. The major active
compounds found in doenjang were linoleic acid and genistein. Linoleic acid showed antimutagenic and
anticancer effect in vitro and /in vivo. The hexane extracts of doenjang inhibited the cyclin By formation and
synthesis of mRNA of the cyclin By, indicating the extract arrested the cell cycle progression at Go.-M. The
doenjang extracts inhibited tumor growth of sarcoma-180 in Balb/c mice, and prolonged the life span of the
mice. The extracts increased the glutathione S—transferase activity in the mice liver. Thus doenjang is safe from
the aflatoxin contamination if we prepare it by the traditional method, and also it can be a good cancer preventive
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Fig. 3. Effect of methanol extracts of raw soybean, cooked
soybean and doenjang on the mutagenesis of
aflatoxin By in Salmonella typhimurium TA98 strain.

Fig. 4. Effect of methanol extracts of various soybean fer—
mented foods on the mutagenesis of aflatoxin By in
Salmonella typhimurium TA100 strain. The vertical
bars represent one standard deviation of three
samples. *Commercial doenjang with potassium
sorbate as a preservative.

Fig. 5. Growth inhibitory effects of the extracted fractions from
doenjang on the growth of HT-29 human colon car-
cinoma cells after 6 days of incubation(FCS 10%): ME
(methanol extract), HF(hexane fraction), CF(chloroform
fraction), EF(ethyl acetate fraction), BF(butanol frac—
tion), AF(aqueous fraction).

Fig. 7. Hexane extract of doenjang induces loss of cyclin By
mRNA in MCF-7 human breast carcinoma cells.

Table 3. The inhibitory effect of boiled doenjang stew on
aflatoxin B1(0.5 ug/plate) mediated mutagenicity in
Salmonella typhimurium TA100

Treatment Conc Revertants Inhibition
' /plate rate
Aflatoxin B+1(AFB;) 11501126 -
Spontaneous 11949 -
AFB;+MeOH ext. of 25% 428+3 80
doenjang stew 50% 365126 83
100% 249+40 91

*The inhibition rate of methanol extract of doenjang(50%) to
AFB; was 93%

Table 4. Boiling' effect of doenjang soup on the mutagenicity
induced by aflatoxin Bi(AFB;, 0.5 ug/plate) in
Salmonella typhimurium TA100

Revertants/plate
Treatment Conc.
5 min 15 min
AFB:(control) 15504126 -
Spontaneous 11949 -
AFB;+MeOH ext. of 25%  318+8(86)° 395+47(81)
deonjang soup 50%  282+12(89)  257+4(90)
100%  251+12(91) 213+1(91)

1Boiling time: The time required after begining of the boiling.
’The values in parenthesis are inhibition rate(%).

Table 5. Antitumor activities and life span extention of hexane,
methanol extracts and boiling extract from doenjang
in Balb/c mice with sarcoma 180 cells.

Sample Dose Tumor Survival

(mo/kg)  weight(g) time(day)
Control 5 3.28+£0.29 20.8%£3.6
Hexane ext. 5 1.1840.15(64.0)*

32.9%3.7(58.2) % *
Methanol ext. 5
Boiling ext. 5

0.68+0.29(79.3)
1.65+0.18(49.7)

34.6+0.8(66.3)
28.9+2.7(38.9)

*Inhibition rate
**Prolongation rate
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Table 1. Aflatoxins found in soy paste, soy sauce and charcoal, and pH changes of the brine and water in the mixtures after
1 month of ripening of the fermented meju’.

Aflatoxin (ug/pint jar)

Soybean

variety AP(prine)? AP+AO+BS(brine)® AP(water) AP+AO+BS(water)
By Gy B Gi By Gi B+ Gi
Jangyeop Soy paste 1418 2837 1069 2266 34.2 19.5 46.5 0.9
Soy sauce 48.2 103.6 12.8 11.4 13.7 ND* 6.5 ND
Charcoal 3.1 6.2 0.9 1.3 26.2 27.3 1.8 0.1
Total 1493.3  2946.8 1082.7 2278.7 741 46.8 54.8 1.0
Degradation(%) 69.3 83.8 23.5 45.8 98.5 99.7 96.1 100
pH’ 5140.5 6.140.3 7.340.3 9.940.1"
Danyeop  Soy paste 6233 18436 1394 6470 33.0 36.0 49.0 5.1
Soy sauce 27.6 0.1 11.2 29.4 89.0 25.0 16.2 5.0
Charcoal 14.5 7.9 5.6 9.0 8.4 7.0 8.1 2.7
Total 6275.1  18444.0 1410.8 6508.4  130.4 68.0 73.3 12.8
Dagradation(%) 2.1 52.5 6.4 31.1 98.0 99.8 95.1 99.9
pH 6.840.4 5.940.2 8.540.7 7.840.7

' The meju cakes were fermented by traditional method'”.

% The AFB; and AFG; contents of the meju cake fermented by A. parasiticus(AP) for 1 month prior to the ripening were 4857
ug and 18168 pg when meju cakes were made with var. Jangyeop and 6411 ug and 38845 ug with var. Danyeop, respectively.

® The AFB; and AFG; contents of the meju cakes fermented by a mixed culture of A. parasiticus +A. oryzae +B.
subtilis(AP+AO+BS) for 1 month prior to the ripening were 1416 ug and 4141 ug when meju cakes were made with var. Jangyeop
and 1507 pg and 9447 ug with var. Danyeop, respectively.

* None detected.

® The pH values were mean+SD for 3 determinations and those marked with an asterisk beside the pH of water samples are
significantly different from those of brine samples at P<0.05 level

Table 2. Degradation of aflatoxin Bi in the presence of different concentration of ammonia during incubation at 30°C

Aflatoxin By stability(%)'

Incubation time(hrs)

NHa(%) 0 0.05 0.1 0.5
2 100 +0.352 4.5 £0.78 2.5+0.10 3.0+0.04
4 99.8+0.01 2.4 £0.12 1.2+0.00 1.1£0.02
6 99.2+0.20 3.4 £0.15 0.9£0.00 0.9£0.00
24 100 +0.04 0.02+0.04 ND? ND

1Percentage of aflatoxin By left ammonia treatment.

®Values shown meansxstandard deviations of three determinations.

®Not detected

Fig. 1. Aflatoxin B1(O—0O,@—@) and Gi(A——A,A——A) production by single culture of A. parasiticus(AP) and mixed culture

of A. parasiticus +A. oryzae +B. subtilistAP+A0+BS) on meju cakes made with soybean varieties of Jangyeop(panel A)
and Danyeop(panel B) by traditional fermentation method. Open symbols(O,A) indicate aflatoxins produced in the
presence of sunlight and closed symbols(@,A) indicate aflatoxins produced in the dark. Each data point is the mean+SD
for 3 samples and those asterisked beside closed symbols differ significantly from the open symbols by Student's t test
(p<0.05).

Fig. 2. Aflatoxin B{(O—0) and Gi(A——A) present during ripening of fermented meju, brine and charcoal mixtures. The meju
samples were fermented by single culture of A. parasiticus(AP) and mixed culture of A. parasiticus +A. oryzae +B.
subtilis(tAP+AO+BS) on meju cakes made with soybean varieties of Jangyeop(panel A) and Danyeop(panel B) by traditional
fermentation method. Each data point is the mean£SD for 3 samples.

Fig. 6. Effect of hexane extract of doenjang on the levels of cyclin A, By and cdc 2 protein in MCF-7 human
breast carcinoma cells.



