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Antimutagenic Effect of Chungkookjangs Prepared with the
Different Kinds of Soybeans

Hyun-Sook Ko', Hyun—-Kyu Ju?, Keun-Ok Jung and Kun-Young Park

Department of Food Science and Nutrition, Pusan National University, Pusan 609-735, Korea
7Depan‘me/7f of Food Science and Technology, Kon-Kuk University, Seoul 143-701, Korea
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Antimutagenic effect of chungkookjangs prepared with the different kinds of soybeans
compared with doenjang were studied against aflatoxin B1(AFB;) using Ames test and
N-methyl-N'-nitro-N-nitrosoguanidine ~ (MNNG) using SOS chromotest. The
antimutagenic effects of methanol extracts from raw soybeans, non-fermented and
fermented chungkookjang were also evaluated in the same systems. Chungkookjang
samples exerted the different antimutagenicity according to the prepared variety of
soybeans in the Ames test using Sa/monella tyohimurium TA100. The chungkookjang
manufactured with var. Manrikong among the employed 1 year old soybeans showed
the highest antimutagenic effect against AFBi. The chungkookjangs prepared with
Manrikong, Jinpumkong and Hwangkeumkong among the freshly harvested soybeans
exhibited strong antimutagenic activity in the same system. The fermented
chungkookjang had the strongest inhibitory effects on the mutagenicity induced by AFB;,
however, the non—-fermented chungkookjiang showed lower inhibition rate than the raw
soybeans in the Ames test. In particular, the chungkookjang prepared with the freshly
harvested soybeans showed higher antimutagenic activity than that with the old
soybeans. In the SOS chromotest, the patterns of antimutagenic effects were almost
the same as shown in the Ames test system. The chungkookjang manufactured with
var. Manrikong in both the old and the fresh soybeans showed higher inhibitory effect
than doenjang on the SOS response induced by MNNG. These results indicate that the
variety, harvested time of the soybeans and the fermentation time of the chungkookjang
differ the degrees of the antimutagenicity of the manufactured final chungkookjangs.
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MM AHo  ARESIYCE 9ol REEZEl
aflatoxin By (AFB4)2 Sigma Chemical Co. (St. Louis,
MO, USA)ollM F¢lstod DMSOO| =0 Asoll ALEst
Qe

TE Aotk HA
o=l cap test tubeoﬂ top agar 2 mE &
7100 ul (1 72x10% cells/ mi)2t Al 7tst
ZHE A vortex8t ¥ nutrient agar plated] 23, D3HA|
7AM 37°COllAM 24A1ZF B QFAIZI CHS, O SR
By 59l

(3) e=oiHo| &3 MY

2y =ddol 2 EHA7]7]
Maron2}t Amese| 2H#%200f| w2} S9 mixtureS H7t
St S9 mixtures el ZteRFEH P2 S9
fraction 10%0l MgCI-KCl salts (2%), 1 M glucose—
6-phosphate (0.5%), 1M NADP (4%), 0.2M phos-
phate buffer (pH 7.4) % ZZFFE Z§sio] S9
ct. s=odHol MY preincu-

I

£15+01

mixtureS =H 5+

bation mutagenicity test®®2 o|&35t0f ojz| Hd o
TAIZ! cap test tubedl S9 mixture 0.5 ml (ZHd &
ool AR) =2 ik & 0.5 ml (A 944

B

olgeol He), stRY viYE #F 0.1 ml (1 ~2x109
cells/ml)et =¢itHo| FLEE(50 W) ¥ 3A

AE(50 W)E 7Isto] 37°Col M 20&2t
ChS histidine/biotin0l 71l top agar (45°C) 2 ml

NZ Jletd 3EZF vortexstod minimal glucose agar
platedl ZET  37°CollAM  48A|ZF Hitst F
revertant TAFS H S CH

A
=0l AdHM F2tel M E(inhibition rate)E otz Al
c}.

of olaf A sl
Inhibition rate (%) = 100x[(a-b)/(a-c)]

0714 ak SAHolgof| o3 RE
+, be AIEE MBS Hel = |
of, cE SHMOIUT ABTL 912 ARl A 2AE

odgolel s=o|ct.

3) SOS chromotest

(1) o] FUEF
Direct mutagen? N-methyl-N'-nitro-N-nitroso—-
guanidine (MNNG)+= Aldrich Chemical Co. (USA)di|
M Felsto] ZRo| 50{ AFol| ALSSISICE
(2) st=oiHo| 51 MY
Quillardete| e HEAIZI wn} 50| ghig
ALE8toict dE 2aE
mediumoll ¥&3t1 37°CollM EZ =71 0.370.401 of
m7kx| 2A1ZF = ol
£ L mediumol| 1/102 EIM.EP%EL 2t sER2
=

| |29t Eoiuio] &

[

MY

[m]
Mo oo -4 ™ = -y

3l = 96 well plat o Z}
Z35ta1 907t 37°Coll M TIE —?— S0S
5 shEmoll= A
23l ONPG  (o-nitrophenyl-p—D-galactopy—
ranoside) 100 ul, Ct2 Zoll=
SME™HE sl PNPP (p-nitrophenyl phosphate
disodium) 100 yl& E7IsIUCE LMAIZI2 1022
5t 20 B-galactosidase= 1.5 M NaxCOs; 100 ul,
alkaline phosphatase= 1 M HCI 50 2 220 2|&t
gMEES S MX|A|7|22 52 F alkaline phosphataseZ
o 50 ylel 2 M Tris buffers H7I5t0f HCIS &&tst
spectrophotometer2 420 nmollA| EHEE FHMot
ch. =& 0.D. 420 nm#te Miller’2] 2
Tk

(el

B-galactosidase2| &

02

alkaline phosphatase2|

enzyme unit (Eu)ZtS

(1 000)(/4420)

Fu = t (min.)

A
~

4) A

Bl

AS data25E ANOVAE F8 % Duncan's
multiple range testE 0835101 SHEAS A5

1) Ames A& o|Me| st=oitio] 1}
£30| cf2 52 22 M=t H=& HE2FE
ol M AFB;

=9| Salmonella typhimurium TA100 &
of thst gEodto| gulE HESH Z1= Table 12}
Zoh HIAEMN =0 AFRE 52 39 30 w2t ¥
Ao eEH0| 53yt CtE2A LiEtG=H, Bl
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OS2 M =8 H=mZ0| 2.5 mg/platel] STHAM 46% =90 RS 50% 0|4 Xalistct £l B2lE
o EvitHo| RLUAMEIE Hof cHIE(10%), ME o2 H== HZE2 2.5 mg/plate?] SZolM EZE
2325 (5%), 4H3135(35%)2ct =2 NMallzas  (68%)2 H|xst 69%2| Soito| AX =S Ect.
Hoich Eoz MxEst HREo| gEoitiol E3E olz{st H2Ho| SEHOIEIII IR HE 5 4
Ames AEAO|A HlWs| 2 ZINTable 2), 2H2lE, ME o o/t Helx| F A ol Exste 22
NEZ, 2222 AMSs ¥IT0| 2ol AME  off st HAXE HES| st 4B, LUESIK 2
7b =<k=dl, 2.5 mg/plate®l sTolM AFBof 2t 2 FIFEI LSt H=Fel FEeddiol 2UE W

Table 1. Effect of methanol extracts of chungkookjang manufactured with 1 year old soybeans and doenjang on the
mutagenicity induced by aflatoxin By (AFB+, 0.5 ul/plate) in Salmonella typhimurium TA100

1.25 mg/plate 2.5 mg/plate
Sample
Revertant/plate Inhibition rate (%) Revertant/plate Inhibition rate (%)
Spontaneous 125+12" - 125412 -
Control (AFB;) 762+15% - 762+15° -
AFB;+Danpeakkong C? 748+ 5° 2 700+10° 10
Sinpaldalkong 2 C 765+£17° - 708+15° 5
Manrikong C 545+12° 34 469+11° 46
Gumijungkong 1 C 594+10° 26 539+17° 35
Doenjang” 413+ 6° 55 359+19' 63

"The values are means of triplicate+S.D.

2 Chungkookjang

“Traditionally manufactured doenjang

21 Means with the different letters beside symbols are significantly different at 0.05 level of significance as determined
by Duncan's multiple range test

Table 2. Effect of methanol extracts of chungkookjang manufactured with the freshly harvested soybeans and doenjang
on the mutagenicity induced by aflatoxin By (AFBs, 0.75 wg/plate) in Salmonella typhimurium TA100

1.25 mg/plate 2.5 mg/plate
Sample
Revertant/plate Inhibition rate (%) Revertant/plate Inhibition rate (%)
Spontaneous 87+ 6" - 87+ 6 -
Control (AFB1) 7264232 - 726+23° -
AFB:+Danpeakkong C? 548+27° 28 367+18° 56
Sinpaldalkong 2 C 655+29° 11 434+26° 46
Manrikong C 409+17° 50 282+13° 69
Gumijungkong 1 C 463+22° 41 47E17° 48
Jinpumkong C 445+18% 44 373+17° 55
Hwangkeumkong C 558+13° 26 347+20° 59
Doenjang® 340+28' 60 292415¢ 68

The values are means of triplicate+S.D.

2 Chungkookjang

“Traditionally manufactured doenjang

3" Means with the different letters beside symbols are significantly different at 0.05 level of significance as determined
by Duncan's multiple range test
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Table 3. Effect of methanol extracts of raw soybean and cooked soybean and chungkookjang samples on the
mutagenicity induced by aflatoxin By (AFB1, 0.75 ug/plate) in Salmonella typhimurium TA100

1.25 mg/plate 2.5 mg/plate
Sample
Revertant/plate Inhibition rate (%) Revertant/plate Inhibition rate (%)
Spontaneous 87+ 6" - 87+ 6 -
Control (AFB;) 726423° - 726+23° -
AFBi+Raw soybean 456+ 9° 48 362+17¢ 57
Ci%k;? dii?gﬁtesaz)” 542418 29 454418° 43
Chungkookjang 1% 409+17¢ 50 282413° 69
Chungkookjang 2" 457+11° 42 403+10° 51

The values are means of triplicate+S.D.
IRed pepper powdert+crushed garlict+salt
)
)

IManufactured with the freshly harvested soybean
“Manufactured with 1 year old soybean

27¢ Means with the different letters beside symbols are significantly different at 0.05 level of significance as determined
by Duncan's multiple range test

Table 4. SOS response of methanol extracts from chungkookjang manufactured with 1 year old soybeans and doenjang
(100 pl/assay) against N-methyl-N'-nitro-N-nitrosoguanidine (MNNG, 50 ng/assay) in £. coli PQ37

B-galactosidase (B) Alkaline phosphate (a) Inhibition
Sample B/a RY  rate (%)
OD420 Unit OD420 Unit

Spontaneous 0.427+0.043" 142 0.312+0.015 10.4 1.37 1.00 -
Control (MNNG) 1.93210.001 64.4 0.303+£0.001 10.1 6.40 5.03 -
MNNG+Danpeakkong CZ) 1.205%+0.019 40.2 0.22310.017 7.4 5.41 3.95 27
Sinpaldalkong2 C 1.159+0.002 38.6 0.260+0.004 8.7 4.45 3.25 44
Manrikong C 0.95940.080 32.0 0.2554+0.030 8.5 3.76 2.74 57
Gumjungkong1 C  1.487£0.023 49.6 0.274+0.011 9.1 5.43 3.96 27
Doen/angs) 1.166%+0.016 38.9 0.28210.007 9.4 4.14 3.02 50

"The values are means of triplicate = S.D.
2 Chungkookjang
)
)

*Traditionally manufactured doenjang

¥ B-galactosidase units

Alkaline phosphatase units
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Table 5. SOS response of methanol extracts from chungkookjang manufactured with the freshly harvested soybeans
and doenjang (100 pl/assay) against N-methyl-N'-nitro-N-nitrosoguanidine (MNNG, 40 ng/assay) in £. coli PQ37

B—galactosidase (B) Alkaline phosphate (a) Inhibition
Sample B/a RY  rate (%)
ODAZO Unit OD420 Unit
Spontaneous 0.631£0.002" 21.0 0.611x0.004 20.4 1.03 1.00 -
Control (MNNG) 2.322+0.020 77.4 0.590£0.022 19.7 3.93 3.82 -
MNNG+Danpeakkong c? 1.853x0.059 61.8 0.615x0.021 20.5 3.01 2.92 32
Sinpaldalkong2 C  1.94310.046 64.8 0.644+0.005 21.5 3.02 2.93 32
Manrikong C 1.495+0.042 49.8 0.654+0.010 21.8 2.29 2.22 57
Gumjungkong1 C  1.86210.062 62.1 0.609+0.006 20.3 3.06 2.97 30
Jinpumkong C 1.463+0.012 48.9 0.656+0.019 21.9 2.23 217 59
Hwangkeumkong C 1.540+0.011 51.83 0.619+0.018 20.6 2.49 2.42 50
Doen/angg) 1.505+0.074 50.2 0.602x0.001 201 2.50 2.43 49

“The values are means of triplicate+S.D.

)
2 Chungkookjang
)
)

3Traditionally manufactured doenjang

B—galactosidase units
Alkaline phosphatase units

4

Table 6. SOS response of methanol extracts from raw soybean and cooked soybean and chungkookjang (100 pl/assay)
against N-methyl-N'-nitro-N-nitrosoguanidine (MNNG, 40 ng/assay) in E. coli PQ37

B-galactosidase (B) Alkaline phosphate (a) Inhibition
Sample B/a RY  rate (%)
ODa20 Unit OD420 Unit
Spontaneous 0.631£0.002 21.0 0.611£0.004 20.4 1.03 1.00 -
Control (MNNG) 2.322+0.020 77.4 0.590%0.022 19.7 3.93 3.82 -
MNNG+Raw soybean 1.524£0.005 50.8 0.620%0.009 20.7 2.46 2.39 51
Ci"ckggdfrﬁ‘éaf:‘zﬁ‘ 1.858+0.077  61.9 0.501+0.020  16.7 371 3.62 7
Chungkookjang 7 1.305+0.078 43.5 0.5504+0.037 18.3 2.37 2.30 54
Chungkookjang 2 1.27740.040 42.6 0.527+0.040 17.6 2.42 2.35 52

The values are means of triplicatexS.D.

IRed papper powder+crushed garlict+salt
9Manufactured with the freshly harvested soybean
'Manufactured with 1 year old soybean

) B-galactosidase units

R= Alkaline phosphatase units
=00l & of 90%7t SOS wU=Ho|Renf, o H[E(R)Z HASI¥CE SOS chromotestt| A&
O & ghHZbof MaFHol ArmtabA 7| Aot 2106 Ames AEA|Met &2 Heez a2, AEZ,
Ct. MNNGol| CH3t =81 2%l SOS s En HIZZEo=2 M== H=F0| SOS 3 AMst=s &
= B-galactosidase unit2} alkaline phosphatase unit 27} =*CHTable 4). MNNGOll CH3HM S2E2Z |
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